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Residential energy behaviour has become a vital branch within building energy efficiency research. Most existing
studies focus on quantitative methods to examine energy-saving simulations and potential from a technological
perspective. However, understanding the factors shaping users’ residential energy behaviour and their decisions

g:;raizoisrechan . to adopt/ not adopt technologies is crucial. Otherwise, cutting-edge technologies are failing to deliver their full
Gamification & potential as scientists had anticipated. As a key generation for future energy consumption and transition, Gen-

eration Z remains underexplored regarding its potential role in the intersection of global climate action or in
accelerating behavioural change. This article investigates the characteristics and key influencing factors shaping
Generation Z’s residential energy behaviour and engagement in building retrofits. An innovative gamification-
based investigation method distinguishes this study from previous research employing traditional quantitative
questionnaires. This method helps to adapt to the characteristics and needs of Generation Z, improving survey
participation and quality. The study adopts an interdisciplinary approach to analyse key factors influencing
Generation Z’s residential energy behaviour across four dimensions: sociodemographic, individual, psychological
and situation factors. Research obtained a total of 282 valid responses. Based on the findings, four behavioural
potential levers tailored to Gen Z are proposed: (1) enhancing the visibility and readability of energy informa-
tion; (2) providing tiered behaviour guidance strategies; (3) conducting scenario-based energy-saving education
and activities; and (4) developing user-centred digital tools and incentive mechanisms. This research offers in-
sights for future energy-saving strategies and technology deployment targeting younger users, responding to
global climate action strategies for youth engagement.

Residential

1. Introduction The EU has recently elevated “energy efficiency first” as a legal

principle (Directive EU/2023/1791) [3]. In the building sectors,

1.1. Background and position

Climate change has increased the frequency and severity of extreme
weather events, making energy transition an urgent global priority. The
Intergovernmental Panel on Climate Change (IPCC) Sixth Assessment
Report highlights that promoting energy system transformation requires
technological innovation, policy initiatives, effective management of
energy service demand, and active public engagement [1]. In fact,
technological advances do not automatically lead to energy savings.
Studies show that although green buildings have over 50% savings po-
tential, actual efficiency gains are often constrained by occupants’
behaviour [2]. Therefore, the transition’s success depends heavily on
users’ understanding, acceptance, and willingness to adopt sustainable
practices, particularly in the residential sector.
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improving energy efficiency means achieving the same performance
with less energy input [4]. While many scholars are contributing to
retrofitting technologies and digital renovation tools, renovation rates in
the EU are below 1% annually [5]. Besides, technological advances have
not slowed the rise in energy demand [6]. Research indicated that
behavioural change alone could reduce demand by 10-15% [7].
Behavioural change offers the most immediate and cost-effective strat-
egy for reducing consumption. Together, closing the gap between
technical potential and practice should involve engagement with occu-
pant behaviour, rather than relying solely on technological advances.
Occupant behaviour encompasses daily interactions with building
systems, from operating windows and thermostats to using appliances
and directly consuming energy sources [8,9]. To date, many studies
have explored the use of models to predict consumption. However, due
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to the high complexity of occupant behaviour leading to the widespread
existence of the “energy performance gap” [10], particularly pro-
nounced deviations between the predicted and operational phases
[11,12].

Although behavioural change is a key asset in non-technical path-
ways, its underlying drivers, barriers, and transformation mechanisms
still require systematic understanding and interdisciplinary integration
[13]. Levesque et al. [14] found that combining energy-saving behav-
iour with low-energy technologies could reduce global building energy
use by nearly half by 2050. On the other hand, numerous studies in
social psychology have attempted to uncover the motivations and will-
ingness behind users’ energy-saving behaviour, intending to design
more targeted intervention measures [15-17].

Sociodemographic differences further complicate this picture. As
Bardazzi and Pazienza’s [22] research shows, differences in intergen-
erational behavioural attitudes are a reasonable outcome of changing
historical and social backgrounds. Older generations such as Baby
Boomers (born between 1946 and 1964) [18], and Generation X (born
between 1965 and 1976) [19], tend to maintain fixed lifestyles and
energy routines, with limited scope for behavioural adjustment; in some
cases, retirement even increases energy use [20-22]. Millennials (born
between 1981 and 1996) [23] have mostly started new families and may
be limited by family size/child-rearing. In contrast, Generation Alpha
(born after 2010) [24] is largely still in childhood or adolescence and
hasn’t established credit. They lack direct decision-making authority
over household energy use, and waiting until they reach adulthood
would mean missing the narrow window for climate action.

Given this context, Generation Z (born in the mid-1990 s to early
2010 s) [25-27] is therefore positioned at the forefront of the energy
transition. Generation Z (Gen Z) grew up in an environment where in-
formation and communication technologies (ICT) are deeply embedded
[26]. A survey reported that more than 69% of Gen Z respondents
expressed anxiety about the future climate issues and dissatisfaction
with slow policy responses when encountering climate-related topics on
social media [28], while also showing broadly positive attitudes toward
energy efficiency and carbon reduction [29]. However, a substantial gap
persists between self-reported literacy and actual technical under-
standing [30], which may be attributed to a lack of systematic education
on energy topics [31].

Mitigating climate change requires a multi-decade effort. The IPCC
noted that near-term actions to accelerate adaptation will reduce the
threat posed by future climate change [32]. If Gen Z fails to accelerate
behavioural change and widespread adoption of sustainable practices,
there may not be enough time for subsequent generations to reverse
course. Unless disruptive innovations rapidly transform the global en-
ergy system (a scenario that remains uncertain). Otherwise, Gen Z may
be the last generation able to act within the narrow timeframe necessary
to mitigate climate change.

Current research leaves the following gaps: First, although many
studies have contributed to sociodemographic influences on energy
behaviour, the drivers of Gen Z’s residential energy use remain poorly
understood, leaving uncertainty about how this generation will influ-
ence the energy transition. Second, current research rarely links indi-
vidual factors to external factors such as building energy-saving facilities
and technologies, making it unclear whether the younger generation of
users has the capability or willingness to implement energy-saving
measures or renovations. Third, most studies focus on willingness and
attitudes but seldom identify specific behavioural levers that can pro-
vide actionable guidance and long-term benefits for young users.
Finally, widely used survey (questionnaire) methods are prone to recall
bias, social desirability [33], and low engagement among younger
groups [34], thereby limiting the authenticity and reliability of behav-
ioural data. To address these gaps, the scope of this article is to examine
Gen Z’s residential energy-use patterns and the factors influencing their
adoption or non-adoption of energy-saving behaviours, as well as their
understanding of and preferences for building technologies and
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retrofitting measures. Accordingly, this study’s findings offer a set of key
levers to accelerate Gen Z’s contribution to the energy transition.

1.2. Cross-cutting framework for understanding Gen Z

This article draws on experience from previous research and adopts
an interdisciplinary perspective to structure the analytical framework
for understanding residential energy-saving behaviours among Gen Z.
Most studies explain household energy-saving behaviour through two
complementary frameworks: one focuses on behaviour-change path-
ways, clarifying how behavioural change occurs. As Steg [35] observed,
individuals must progress through three stages to achieve energy-saving
change: first, recognising the necessity of reducing energy use and the
feasible approaches to achieve it; second, developing the motivation to
save energy; and finally, translating this into concrete actions. Com-
plementing this, the other framework examines the sources of influ-
encing factors to understand the underlying reasons for household
energy-saving behaviour. Zhang et al. [36] categorise these sources
from a multi-level perspective, including the individual level (objective
socio-demographic characteristics and subjective attributes), the
external level (market/society/government-related factors), and
energy-saving intention (the degree of readiness to implement energy-
saving behaviours).

Together, these two frameworks form a coherent explanatory chain.
The former provides a clear cognition—motivation-action pathway,
while the latter offers further clarification by identifying which factors
facilitate/obstacles for energy saving, which factors shape the awareness
at the motivational stage, and which factors determine whether moti-
vation can be translated into actual behaviour and adoption at the action
stage.

To integrate these perspectives, this study develops a four-
dimensional conceptual framework, which is Who-What-Why-Act.
The framework first considers sociodemographic and residential build-
ing information (Who), then explores individual knowledge and
awareness (What), and finally examines psychological drivers (Why)
and how situational factors facilitate the translation of intention into
actual energy-saving behaviour (Act). Specifically, the dimensions
include sub-factors as follows:

(a) Sociodemographic factors: age, gender, educational level, living
patterns, building information (such as building type, construc-
tion period, energy systems), and responsibility for energy bills.

(b) Individual factors: energy-knowledge, habits, lifestyle, and com-
fort preferences.

(c) Psychological factors: attitudes, subjective norms (SN), perceived
behavioural control (PBC), and personal moral norms (PMN).

(d) Situational factors: social norms, physical infrastructure, costs,
incentives, and technical facilities.

The above factors are among the most frequently discussed in the
previous literature [37-40], to explain differences in household energy
use and provide the structural foundation for the subsequent gamified
investigation design (Fig. 1). Other factors that fall beyond the
measurable or defined scope of this study were not considered.

Sociodemographic variables are widely recognised as key modera-
tors for energy-related behaviours. This dimension includes age, gender,
education level, income, household size, house ownership, and building
information (e.g., building type, construction period, and energy sys-
tems) [15,41-44]. Several studies reported age- and gender-based dif-
ferences, such as elderly users exhibiting lower flexibility in changing
behavioural patterns [45,46]. Age makes a difference that persists even
among younger populations [47]. In contrast, females are generally
more inclined toward sustainable values and energy-conscious attitudes
[42]. Furthermore, differences in educational level can lead to more
than a twofold variation in energy-saving indices [48]. Higher levels of
education are associated with stronger environmental awareness and
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Fig. 1. Conceptual framework of key factors influencing Gen Z’s residential energy behaviour.

greater knowledge transfer within households [49]. Building ownership
also brings some impacts. Poruschi and Ambrey [50] indicated that
tenants and households living in non-detached dwellings face significant
barriers to adopting energy-saving actions.

Individual factors refer to residents’ accumulated knowledge, expe-
rience, values, and behavioural habits, which exhibit greater temporal
stability than other variables [47]. This dimension includes energy
knowledge, saving capacity, daily lifestyle, comfort preferences, and
environmental responsibility [40,51]. Energy knowledge and education
are widely regarded as the starting point of energy-saving behaviour
[52]. While some studies report a positive correlation between knowl-
edge levels and energy-saving practices [53], others report mixed evi-
dence, showing that knowledge accumulation does not necessarily
translate into more proactive attitudes or actions [54,55]. Among
younger generations, the link between knowledge and behaviour ap-
pears weak [55]. This “knowledge-action gap” is particularly evident, as
cognition does not guarantee behavioural change. In addition, personal
habits and lifestyle play a crucial role. Elsharkawy et al. [56] found that
even when building energy performance was significantly improved
through retrofits, the potential savings were offset by poor behavioural
rebound effects. Similarly, lifestyle variables substantially shape
household electricity consumption [57].

Psychological drivers are central to explaining individual energy-
saving behaviour. Within environmental psychology, the Theory of
Planned Behaviour (TPB) provides a robust framework for predicting
and interpreting energy-related actions. Studies show that positive at-
titudes and strong SN can enhance energy-saving intentions and be-
haviours [58,59], while PBC serves as a critical pathway through which
intentions translate into actual practices [60]. In other words, when
users believe they can save energy, their likelihood of active engagement
increases significantly [61]. Building on this framework, Boomsma et al.
[62] found that among social housing tenants in Southwest England,
positive attitudes and strong SN are closely associated with heating and
other energy-saving behaviours. Extending the TPB model, Tan [63]
demonstrated that PMN significantly promote the adoption of energy-
efficient appliances. Similarly, Du and Pan [47] verified this finding in
a university dormitory context; incorporating PMN into the TPB

framework improved the model’s explanatory power by 21%. Motiva-
tion alone is therefore insufficient to explain energy practices. Even with
positive attitudes, actual consumption may remain constrained by
entrenched habits [64]. According to Lindenberg and Steg [65], when
energy-saving behaviours require high costs, users often lack motiva-
tion, whereas low-cost actions are more readily adopted.

Situational factors refer to external enablers and constraints affecting
energy-saving behaviour [40], including social norms, physical infra-
structure, informational and promotional activities, incentives, policies
and regulations, costs, technical facilities, and geographical or climatic
factors [37-39,66-68]. These external conditions largely determine
whether energy-saving actions can occur. Cross-national surveys in
Europe show that persistently high energy bills weakened young ten-
ants’ energy-saving motivation and increased the risk of energy poverty
[69]. Poortinga et al. [76] noted that technological measures are
generally more accepted than behavioural interventions, and that
schemes with lower costs or clear financial incentives are more likely to
be adopted [70]. However, high upfront investment costs [71] and re-
strictions on building conditions, landlord decisions, user rights, and
contractual obligations [72] remain significant barriers for young ten-
ants seeking to implement energy retrofits.

Beyond economic and technical conditions, social influences are also
highly significant. Yue et al. [39] found that energy-saving behaviour is
powerfully shaped by social norms, promotional campaigns, and
reward-punishment mechanisms, with informational and promotional
activities exerting the strongest motivational effects. Notably, the
cognitive differences among younger generations regarding their in-
vestment preferences and willingness to adopt energy-saving measures
remain underexplored [73], highlighting a gap in understanding the
interplay between external contexts and behavioural decision-making.

In summary, existing studies have offered valuable insights into
residential energy behaviour. However, significant gaps remain in un-
derstanding Gen Z as an emerging energy consumer group. Most
research relies on single-disciplinary perspectives (mainly psychological
frameworks) to explain intentions, while few studies adopt an integrated
approach that considers the combined influence of sociodemographic,
individual, psychological, and situational factors [35]. As energy
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technologies evolve and Gen Z becomes a key decision-maker in resi-
dential energy use, the lack of integrated research may limit the capacity
to understand and guide their behavioural transitions.

Measurement items related to these factors were adapted from
established surveys and prior empirical studies to ensure construct
validity and cross-study comparability.

2. Methodology

The methodology is grounded in the multidimensional framework
developed above, which captures the multiple factors shaping Gen Z’s
residential energy-related decision-making. First, it critically analyses
the applicability of existing survey methods among Gen Z, highlighting
their limitations in mobilisation and participation, thus prompting a
new tool to involve Gen Z. Within this methodological framework, this
study focuses on the following three research questions:

e RQ1: Which key factors play a role in influencing Gen Z’s residential
energy-saving decision-making?

e RQ2: What is the level of awareness and knowledge among Gen Z
regarding building energy-saving measures and retrofits?

e RQ 3: To what extent are Gen Z participants willing to adopt these
measures, and what factors promote/ hinder this willingness?

2.1. Reflecting on approaches for understanding Gen Z’s energy use

Conventional methods such as questionnaires, focus groups, and
interviews are widely used in building energy behaviour research
[52,74-77]. However, as experienced by Vathy et al. [78], traditional
survey methods have a low response rate among the younger partici-
pants. This faces limitations when behaviours are context-dependent
and complex. Participants may misrepresent their actions, fail to recall
actual circumstances [79], or adapt to perceived researcher expecta-
tions, called the Hawthorne effect [34]. Younger respondents often
adopt satisficing strategies, such as “speeding” (completing the ques-
tionnaire in an unrealistically short time) or “straight lining” (providing
non-differentiated responses), which compromises data quality [80].
Based on this, it is necessary to develop a tool adapted for this genera-
tion. In contrast, incorporating gamification elements enhances partic-
ipation, motivation, and engagement [81]. Wang et al. [49] reported
that gamification can effectively foster sustained engagement in sus-
tainable practices when supported by policy, adapted to context, and
refined through iteration.

Although there is no single definition of gamified investigations, they
share similarities with serious games, which Marsh defines as interactive
forms that use narratives, game mechanics, or simulations to convey
information and influence behaviour [82].

This study places residential energy use decision-making within an
immersive scene, enabling participants to demonstrate their behavioural
tendencies in a way that traditional surveys cannot capture. The tool was
named ENERGON. The ENERGON is comparable to a standard ques-
tionnaire in terms of survey objectives and question design logic. Its
innovation lies in the introduction of gamified elements at the partici-
pants' front end, such as narrative scenarios, score systems and feedback
mechanisms. These features were intended to reduce the risk of low-
quality responses (as discussed above), thereby enhancing engagement
among Gen Z respondents and improving data quality. At the same time,
Gen Z is more accustomed to interactive digital experiences, and this
format aligns more closely with their response habits and participation
preferences.

Besides, the study adopts a gamified investigation design rather than
a game-theoretical framework. Although individual decision-making
processes might be influenced by multiple interacting factors, these
are considered only as background context in the back-end interpreta-
tion of results. Thus, ENERGON is not a general tool but a purpose-built,
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innovative methodological approach that aligns generational charac-
teristics with research needs to generate reliable, context-rich behav-
ioural data.

Specifically, the tool is used to investigate the following three
objectives.

(a) To analyse the key factors influencing Gen Z’s decision-making of
residential energy use.

(b) Assess Gen Z’s understanding and willingness to adopt/not adopt
energy-saving measures or retrofits.

(c) To identify potential levers that can stimulate long-term behav-
ioural change and discuss intervention strategies to accelerate
such change.

The methodological framework of this study is illustrated in Fig. 2.
The process consists of four phases: 1) Prototype development:
Designing the content and structure of ENERGON and conducting small-
scale validation to ensure methodological robustness. 2) Data collection:
Deploying the validated game widely to gather baseline data from Gen Z
participants. 3) Data analysis: Applying mixed qualitative and quanti-
tative methods to identify the key factors shaping Gen Z’s residential
energy-saving decision-making. 4) Discussion and output: Discussing
potential behavioural levers and generating recommendations to
accelerate sustainable residential energy practices.

2.2. Prototype development

2.2.1. Select key factors

To identify the key factors associated with this process, Table 1 re-
views the relevant empirical contributions on residential energy
behaviour from the past decade (2015-2025), mapping the main influ-
encing variables that have been widely explored in the literature. As
shown in Table 1, sociodemographic (1) and psychological (3) factors
are the most frequently examined factors, but also individual (2) and
situational (4) factors have been proven to exert a significant influence
on energy behaviour.

2.2.2. Preliminary structure and platform

Four key dimensions influencing Generation Z’s residential energy
use were identified above, and the factors contained therein were
translated into scenario questions.

The ENERGON investigation game was implemented on the Type-
form platform (web version), a professional tool for creating interactive
questionnaires. Typeform provides cross-device accessibility, adaptive
language settings, and conditional logic, which met the study’s re-
quirements for usability, branching design, and reliable data tracking.

All visual materials were generated with the assistance of Al tools
(Doubao, CreationAgent v1.0 Beta, 2025 version) and subsequently
refined in Adobe Photoshop (2023 version). The purpose is to avoid
potential confidentiality or copyright issues arising from the use of
authentic images and to ensure the visuals accurately represent the
intended meaning and context. Participants were informed in advance
about the tools and purpose of these images.

Access to ENERGON via an invitation link or QR code, with the
system automatically adapting to mobile or desktop interfaces and
switching to the relevant language version according to device settings.
This design reduced potential language barriers and broadened sample
coverage. During gameplay, all responses were automatically stored in
the platform backend and exported as raw datasets for statistical
analysis.

2.2.3. Focus group

After developing the initial ENERGON prototype, the research team
organised a focus group on 13th March to refine its content and struc-
ture. The focus group aimed to evaluate the clarity and relevance of the
preliminary design for the target user pool.
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Table 1
Key influencing variables in residential energy behaviour studies (2015-2025).

Source 0] @ ©] @]

Jareemit and Limmeechokchai, 2019 [83]
Zhang et al., 2020 [84]
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Hou, 2024 [70]

Trotta, 2018 [87]

Chen and Guo, 2022 [88]
Alomari et al., 2022 [89]

Liu et al., 2021 [17]

Bélaid and Joumni, 2020 [90]
Niamir et al., 2020 [91]
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The focus group included ten doctoral and six master’s students from
The University of Bologna (UNIBO), Cesena Campus, all matching the
target demographic. The discussion was facilitated by the research team
and documented. Feedback was concentrated on the following aspects:

e Scenario design: Certain narratives were considered insufficiently
aligned with daily residential contexts and should distinguish be-
tween independent living, shared housing, and living with family
members, reflecting common UNIBO arrangements.

e Interaction flow: Some parts were too time-consuming, potentially
affecting user experience.

Gamification mechanism: The points-and-feedback system was well
received, though participants recommended adding a social-sharing
feature.

Language clarity: Some items were overly long, reducing readability
and comprehension.

Based on this feedback, the research team iteratively revised the

content and structure of ENERGON, producing an improved version.

2.2.4. Initial prototype

The initial prototype comprised four sequential parts:

Part 1: Introduction and declaration. Participants were provided
with information about the research background, the gameplay
process, and data anonymity. A statement was also included
regarding the use of Artificial Intelligence tools in supporting the
investigation.

Part 2: Demographic information. Eleven questions captured socio-
demographic characteristics and living conditions.

Part 3: Contextual decision-making task. Daily scenarios were pre-
sented in a narrative format to immerse participants in con-
textualised decision-making. Within these storylines, 24 items
relating to the four identified dimensions were embedded. To
enhance contextual realism and relevance, branching narratives
were introduced according to housing type. For example, partici-
pants living with their parents followed a slightly adapted storyline
during the initial rounds before re-joining the main path.

Part 4: Gamified feedback and evaluation. Participants provided
reflections on the gameplay experience (e.g., willingness to partici-
pate again) and underwent a basic consistency check.

Gamification elements were embedded from the outset to increase

engagement without turning the investigation into a test. Each response
accrued invisible points during play and was revealed only after game
completion. Based on the total score, participants were categorised into
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six representative user profiles. This gamified feedback aimed to help
participants find their position in energy habits and encourage wider
dissemination of the game among young communities through simple,
visual labels. The feedback page consisted of two modules: a) Energy-
saving tips, personalised, actionable recommendations tailored to each
behavioural style. b) Energy partner matching, pairing participants on a
complementary basis to stimulate collaboration and mutual support,
thereby simulating community-level diffusion of behavioural change
(Fig. 3).

2.2.5. Verify robustness

The ENERGON prototype (English version) was piloted during an
international workshop attended by master’s students in architecture at
UNIBO on 3rd April. This step was verified for methodological robust-
ness in a small and trusted group before large-scale deployment. The
primary objectives of the pilot were to assess whether the game’s
structure and content were clearly understood, to evaluate the read-
ability of the language, and to ensure the overall coherence and
smoothness of gameplay.

Participants generally found the content clear and the flow consis-
tent. Only a few participants suggested refinements related to visual
design and feedback mechanisms. The formal version of the ENERGON
question structure has been determined (Fig. 4).

Energy & Buildings 361 (2026) 117498
2.3. Official launch and data collection

The UNIBO is a comprehensive research-oriented institution offering
programmes from undergraduate to doctoral levels. The student popu-
lation is predominantly aged 18 to 30, closely aligning with the target
demographic of Gen Z, and students make up a considerable proportion
of the city’s population. This made the university a representative
sampling source for the study.

To maximise sample coverage and enhance participation, the
research team implemented a multi-channel recruitment strategy. This
included circulating information through student representatives via
email, engaging student organisations, posting invitations on social
media, and displaying recruitment posters across the campus. Partici-
pation was entirely voluntary, with no financial incentives offered.

According to the latest official statistics, the UNIBO had an enrol-
ment of more than 96,000 students according to the last available data
which can be reduced to approximately 70,000 if only the Bologna
Campus is considered while the rest are spread in the other Romagna
Campuses [94]. Following sample size estimation approaches commonly
used in related research, the calculation was based on the following
formula [95]:

_Zp(1-p)/e

(1-p)
1+ (zz-"ez,j\‘,’ )

Woohoo! Your score is 95 )
Found your match?

Share a screenshot with
#ENERGON on social media
and others!

L£1 Jin

© User profile

SUNNY

You're the kind of Energon already taking
action to save energy before anyone even
reminds you.

When answering questions, you always
choose the most eco-friendly option. For
you, energy-saving isn't a task; it's a
mindset. You've got clearawareness, strong
values, and you're tech-savvy, often
suggested as an ambassador to help forge
a new mindset in your generation.

Attitudes

WHO YOU COULD HELP

Energy-saving partner

WHO CAN HELP YOU

Adventure Partner
You're both powerhouses

in the energy- saving habit

passion for

Fig. 3. Examples of gamification elements in the ENERGON.



Y. Peng et al.

PART2 DEMOGRAPHIC INFORMATION PART1 INTROUCTION

PART3 DECISION-MAKING

Welcome to the Energon
game!

£.Tips: Recommended to use Google
Chrome to open!

© Takes 1t minutes

Enter the game

5+ What is your living pattern?*

8 | Sharing a flat

Storyline branches

" How to play?
Get ready for 24 rounds of
fast-paced, scenario-based
fun!

"

Each round plays out a scene in
your life story, select an option
to decide your next move.

Once you've completed all the
rounds, you will received
personalized results and your
unique “Energon” will be
revealed.

1. This is not a competition, just
answer the questions honestly. &

Gameplay process

‘uNew mission unlocked
Welcome to the new home!
Move-in day!

You meet your two new

roommates, Sara and Carlos.
You glance around at the old
appliances... "

-

4

Line A

Energy & Buildings 361 (2026) 117498

Generative Artificial
Intelligence statement

All images in this game were
created using generative
artificial intelligence tools
(Doubao, CreationAgent v1.0
Beta, 2025 version) and image
editing software (Adobe
Photoshop, 2023 version).

e ]

Al statement

4 New mission unlocked

It looks like every washing
machine on the site has an
energy label...

Huh,but how do | pick the right
one?

Energy label

Liné B

"

Wait...
An invitation letter from Leo...

It's a dinner party?

. Sounds interesti

Re-joining the main path

PART4 FEEDBACK & EVALUATION

36+ Inthe end...
Which character do you think
you are more like?*

«Q

(4] sara 8] Carlos

o

| None of the
|

Consistency check

Fig. 4. ENERGON gamified investigation prototype interface.
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In this research, N is total student population of the UNIBO, e is the
margin of error, set at 0.05, and z is the z-score (1.65 for a 90% confi-
dence level). Assuming the maximum value of p(1—p) as 0.25. The
resulting minimum required sample size is approximately 272
participants.

The ENERGON game was launched online from mid-June to mid-
October, open to all enrolled students at the University of Bologna.
The game took approximately 10 min to complete. A total of 331
questionnaires were collected, and after excluding ineligible responses,
the final dataset comprised 282 valid responses.

2.4. Data analysis

This study adopted a mixed-method approach, integrating quanti-
tative and qualitative analyses to systematically interpret Gen Z’s
behavioural choices in residential energy use scenarios and the under-
lying drivers of these choices.

Quantitative analysis began with descriptive statistics to summarise
the sociodemographic factors. Subsequently, to determine the key cor-
relation between variables, cross-tabulations are used for correlation
analysis. The method follows the analytical logic of the cross-dimension
framework and studies the interrelationships among multiple di-
mensions (sociodemographic, individual, psychological, and situational
factors). Compare the frequency distributions of variable combinations
to assess potential correlation trends and ensure the robustness and
validity of the results. Qualitative analysis primarily involved content
analysis of respondents’ open-ended answers to capture insights beyond
the predefined categories.

3. Results
3.1. Sociodemographic factors (Who)

In the first section of the game, there are 11 background questions to
gather participants’ demographic and residential information. The de-
mographic background of the respondents is shown in Fig. 5. Most re-
spondents, as shown in Fig. 5a, were aged 18-21 (37.2%) and 22-25
(41.5%), followed by 26-28 (16.3%), with the remaining 5% aged
29-30. Female participants accounted for 64.5%, males 34%, and 1.5%
were nonbinary (Fig. 5b). Indicating a higher participation rate among
females. The dataset considered in this study comprised exclusively
participants from the University of Bologna (100%), with un-
dergraduates representing 43.3%, postgraduates 44.3%, and doctoral
students 12.4% (Fig. 5c¢). Shared accommodation (44.3%) and living
with family members (40.8%) were the most common. Only 14.9% re-
ported living alone (Fig. 5d).

Additionally, the building information illustrated in Fig. 6 shows that
57.1% of students reported living in low-rise apartments (1-5 floors),
22.7% in detached houses, 10.6% in semi-detached houses, and 6% in
the student dormitory. A further 3.6% selected ‘other’, with high-rise
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buildings (five or more floors) being the most common response
(Fig. 6a).

Regarding the construction period in Fig. 6b, 29.8% were unsure of
the construction year. Among those who knew, 12.4% lived in pre-1980
buildings, 16.7% in retrofitted pre-1980. A further 17.4% resided in
dwellings built between 1980 and 2000, while 6.7% lived in properties
from that period that had undergone retrofitting. Dwellings built after
2000 accounted for 17% of the sample.

Fig. 6¢c shows heating systems were mainly independent (46.5%) or
centralised (37.2%), while 16.3% were uncertain. Most students re-
ported having temperature regulation or heat metering devices, with the
most common being a temperature regulator (44%), a heat metering
device (14.9%), or both (19.1%). An additional 10.6% reported having
neither, and 11.4% were unsure (Fig. 6d).

The investigation on renewable energy allowed participants to select
multiple options (Fig. 6e). 62.9% reported that their residence lacked
any renewable energy systems, while 18.5% were unsure. Among those
with such systems, 11.9% reported having photovoltaic panels, 5% solar
thermal collectors, and 1.7% geothermal systems. For energy bills
illustrate in Fig. 6f, 40.8% were paid by parents or family, 34.8% shared
with roommates, and 23.4% included in rent, while 1.1% were unsure.

3.2. Individual factors (What)

The second dimension examines the individual characteristics of Gen
Z respondents (Fig. 7), including energy-related knowledge, behavioural
habits, lifestyle, and comfort preferences. Regarding energy-efficiency
awareness, 41.9% reported always or usually checking appliance en-
ergy labels, 42.2% did so only sometimes or rarely, and 14.9% never did.
Among respondents living alone and in shared accommodation (n =
167), 30.4% carefully reviewed energy bills, while 54.4% only skimmed
them or focused on total cost. Only 8% expressed no concern. Open-
ended responses included situations in which energy bills were
already included in the rent or in which residents of student housing
were unable to view them, creating a blind spot. Regarding information
engagement, attitudes were generally positive. 59.9% were willing to
learn about energy-saving information or actively trust official infor-
mation, though 15.6% were disinterested, including 9.6% who found
the information too scattered. However, self-assessed knowledge of
energy saving remained limited, only 13.1% felt they had a strong un-
derstanding and could apply multiple strategies, whereas 36.9% were
familiar only with general tips.

In daily energy use, 45.7% prioritised convenience over avoiding
hot-water peak times. About 47.5% consistently switched off unused
appliances before leaving home, 27.7% sometimes forgot, and 18.1%
left devices on standby. Behavioural differences were evident by living
pattern, among those living with family (n = 115), 60% actively turned
off or reminded others to do so, while 21.7% recognised waste but did
not act.

Lifestyle factors also shaped energy use. Microwaves were the most

a. Age b. Gender
29-30 Non
5% il
26-28
O,
16.3% 18-21

c. Education level d. Living pattern

PhD student

Living alone
12.4%

14.9%

Living with
U”"&L%Sﬁtua‘e parentgéfamily
43.3% members
’ 40.8%

Fig. 5. A-d. demographic background of the sample (n = 282).
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Fig. 6. A-f. building information of the sample (n = 282).

common method for reheating food (48.9%), followed by stoves
(19.1%). During mid-season periods, 50.4% chose localised heating or
energy-saving modes, and 33.7% adopted non-energy-intensive alter-
natives (e.g., layering clothes, hot drinks). Only 2.8% heated the entire
home, and 6.7% ignored energy-saving settings.

3.3. Psychological factors (Why)

The third dimension explores how psychological factors shaping Gen
7’s motivation for energy-saving behaviour (Fig. 7). Regarding atti-
tudes, most respondents expressed active interest in energy-saving
topics. Most respondents showed active interest in energy topics:
34.0% participated in discussions and shared experiences, 27.0%
preferred listening, and 25.5% engaged selectively. A smaller proportion
of students (11%) were seldom or not interested in taking part in such
conversations, and 2.5% had never encountered energy-related discus-
sions in their social networks. Around 69.5% indicated a willingness to
change daily habits to save energy, with 27.7% even at the cost of
convenience and 41.8% through simple. Only 6.4% were unwilling to
compromise on comfort or found energy-saving efforts too bothersome.

Regarding SN, an almost overwhelming finding was that around
80.5% of respondents felt that their friends’ energy-saving behaviours
influenced their own actions, including 25.2% who actively participated
and 55.3% who adopted some practices. Only 8.5% reported being un-
affected, though still aware of social pressure. PBC also revealed notable

trends, 74.1% believed that individual actions were still meaningful.
Only 3.2% felt personal efforts had little effect, while 3.5% thought
responsibility should lie primarily with policies or industry. A further
1.1% reported giving up due to a lack of collective action. Most re-
spondents showed some degree of moral engagement. About 62.1%
reported feeling guilty after wasting energy and were motivated to
improve their behaviour. By contrast, 18.8% viewed minor waste as
inconsequential, and another 18.8% rarely engaged in self-reflection.

3.4. Situational factors (Act)

The fourth dimension relates to how situational factors influence the
actual execution of energy-saving behaviours (Fig. 7). When asked about
their investment preferences, 63.8% were willing to pay more for
energy-efficient products, with 49.3% who would do so within budget
limits. In contrast, only 8.5% preferred cheaper alternatives and 5.7%
stated they would not consider such products at all. Incentives were
strong motivators for 73.1% of respondents, 36.2% viewed them as “an
extra push” and 36.9% as making energy saving “more worthwhile”.
Only 6.7% felt incentives had little to no effect or would only prompt
action in response to minimal requirements. In the open-ended re-
sponses, some respondents indicated that they would take energy-saving
actions even without incentives (material incentives).

Physical and environmental constraints were also identified as bar-
riers to energy saving. Just 23.8% believed that their current building
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Fig. 7. Key data results and correlations.

conditions had no impact on their efforts; however, 68.5% reported their
housing conditions limited energy-saving efforts to varying degrees (“a
bit” 36.2%, “somewhat” 24.1%, “a lot” 8.2%).

An interesting finding was Gen Z’s marked openness towards tech-
nological adoption. A total of 81.2% were willing to try renewable en-
ergy devices (e.g., balcony solar panels), with 39.7% more inclined if
subsidies or discounts were available. Those who were reluctant cited
concerns about equipment maintenance and reliability (11.0%) or a lack
of knowledge to assess performance (4.6%). Consideration of the return
on investment also appears in “other” option. A similar trend was
observed with the energy-monitoring app; 70.2% expressed willingness
to use them, and 22.0% admitted they might not sustain long-term
engagement. Regarding smart energy management, 89.3% expressed
openness or a positive attitude towards Al-assisted systems, including
69.8% who were comfortable with Al taking partial control.

Regarding retrofits, 88.7% supported improvements, and only 1.4%
doubted the benefits. However, when offered a hypothetical loan, only
2.8% chose to retrofit existing buildings. Window replacement (25.5%)
was the preferred retrofit choice within limited budgets, followed by
heating system upgrades (21.6%) and the installation of smart energy
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monitoring and control systems (21.6%). Additionally, 39.4% believed
that active systems (e.g. renewable installations) are more effective in
improving energy efficiency than passive upgrades such as paving
(26.2%) or window replacement (13.8%). Preferences also varied
regarding disruption caused by retrofitting work, with external wall
insulation (three-month installation) selected most frequently (35.1%),
followed by heat pump upgrades (two to three days; 27.0%).

3.5. Correlation analysis

This section adopts a cross-dimensional perspective to examine the
potential interrelationships among several findings. By viewing the four
dimensions as an interconnected whole, it critically interprets the dy-
namic interactions and correlations that shape Gen Z’s residential en-
ergy behaviours.

Firstly, respondents’ levels of education were found to influence
their interest in and sources of energy-saving information. As illustrated
in Fig. 8a, undergraduate students were more inclined to actively
compare different information sources (32.0%), followed by PhD stu-
dents (28.6%). Postgraduate students demonstrated a stronger
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Fig. 8. A-e. results of cross-tabulation analysis.
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preference for authoritative sources (38.4%), the highest across all
groups. By contrast, PhD students displayed the lowest levels of reliance
on official sources (22.9%), with a notable proportion (17.1%)
expressing sensitivity to fragmented information. This pattern does not
follow a linear trend, suggesting that while education level correlates
with information preferences, it does not necessarily enhance proactive
learning behaviour.

Secondly, living patterns appeared to influence energy-saving prac-
tices (Fig. 8b). Respondents could be classified into three groups: those
living alone (n = 42), those sharing accommodation (n = 125), and
those living with parents or family members (n = 115). Those living with
family exhibited more consistent energy-saving habits, with 54.8%
reporting “always turning off unused devices”, compared with 47.6% of
those living alone and 40.8% of those sharing accommodation. In
contrast, the proportion reporting leaving devices in standby mode or
“too lazy to switch off” was highest among those in shared housing
(28%), followed by those living alone (23.8%). This suggests that shared
household norms may foster greater behavioural consistency, whereas
greater independence may increase reliance on individual motivation.

Patterns of domestic energy use further revealed that the type of
heating system is associated with comfort preferences (Fig. 8c).
Regardless of whether heating was centralised or independent, over half
of the respondents adopted localised or energy-saving modes (48.6%
and 51.9%, respectively). Meanwhile, a higher proportion of re-
spondents with centralised heating adopted passive thermal strategies
(e.g., wearing more clothing or drinking hot beverages) (38.0%).
Conversely, 8.4% of those with independent heating systems reported
ignoring energy considerations entirely, compared with 5.7% of cen-
tralised users, suggesting that greater control over heating systems may
pose a potential risk of increased consumption.
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However, despite generally positive attitudes, behaviour remained
strongly conditioned by convenience (Fig. 8d). Among those expressing
the strongest willingness to save energy, only 14.1% reported actively
avoiding peak hot water usage, while 33.3% showered “whenever
convenient”, and 20.5% had never considered this issue. A similar
pattern emerged among those “willing to take simple measures”, with
45.8% prioritising convenience and only 5.1% modifying behaviour to
avoid peak demand. In the least motivated group, this tendency was
even more pronounced: 71.4% prioritised convenience, and 28.6% had
never considered timing at all. Across all groups, convenience remained
the dominant factor shaping hot water use, indicating that the trans-
lation of intentions into behaviour is still limited by practical costs and
lifestyle.

As shown in Fig. 8e, PMNs played a notable role in stabilising energy-
saving behaviour. Among respondents who reported feeling guilty about
wasting energy, 64.5% always switched off unused devices, compared
with just 42.3% in the group that reported no guilt. Conversely, only
3.2% of the high-guilt group admitted to being “too lazy to switch off”,
compared with 15.4% of the low-guilt group. These findings highlight
the stabilising and regulative role of PMNs in sustaining energy-saving
behaviour.

Notably, self-reported knowledge levels were found to influence not
only the likelihood of participating in energy-related discussions but
also several behavioural choices (Fig. 9a). Based on respondents’ self-
assessment, three levels of knowledge were identified: high (strong
understanding and know quite a bit), medium (know some general tips),
and low (know very little and no understanding at all). Among those in
the high-knowledge group, 61.5% reported actively engaging in energy-
saving discussions and sharing experience, although 42.9% simulta-
neously noted that such discussions rarely occurred within their social
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Fig. 9. A—c. results of cross-tabulation analysis.
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circles. In contrast, the medium-knowledge group tended to adopt a
more passive role, with 39.5% preferring to listen and 40.3% engaging
only when the topic captured their interest. Meanwhile, 75% of the low-
knowledge group expressed limited interest or avoided discussions due
to “not feeling knowledgeable enough™ (30.4%). These findings suggest
that a higher knowledge level is associated with a greater willingness to
engage in energy-related discourse, whereas a perceived lack of exper-
tise may lead to withdrawal.

A related result emerged regarding respondents’ trust in Artificial
Intelligence (AI)-based energy management systems (Fig. 9b). Those
who expressed full or partial trust in Al tended to report higher levels of
energy knowledge. In both groups, over half identified as having high
knowledge (54.5% and 51.8%, respectively). As trust in AI tools
decreased, so too did self-reported knowledge levels. Among those who
emphasised retaining human control or expressed scepticism towards
Al the share of respondents with medium or low knowledge rose
considerably (49.4% and 23.5%, respectively). This result shows that a
higher knowledge level is associated with greater openness to smart
energy management technologies.

A similar trend was observed in preferences for renovation measures
with differing levels of disruption (Fig. 9¢). Respondents in the high-
knowledge group were more willing to accept longer-duration in-
terventions: 17.2% (“strong understanding™) and 31.3% (“know quite a
bit”) favoured external wall insulation (3 months), while these two
groups, 7.1% and 45.2% supported floor insulation (3 weeks), both
considerably higher than in other knowledge tiers. By comparison, those
with medium knowledge levels showed a clear preference for moderate-
disruption, short-duration measures, such as window replacement (3
days), which was selected by 44.6%. Conversely, the share of re-
spondents favouring heat pump upgrades (2-3 days) increased signifi-
cantly among the low-knowledge group, with 22.4% (“know very little™)
and 7.9% (“no understanding”). Thus, individuals with a lower knowl-
edge level may face evaluative barriers when considering more techni-
cally complex or longer-term retrofit measures.

4. Discussion

This study reported a user-centred gamified approach to investigate
the key factors influencing Gen Z’s residential energy use and their in-
clinations toward building retrofits and energy technology adoption.
The findings reveal behavioural patterns and dynamic interconnections
across four dimensions: sociodemographic, individual, psychological,
and situational factors, highlighting the potential leverage derived from
the correlation, and how these differ from those commonly observed
among adult populations.

4.1. Enhancing the visibility and readability of energy information

Although Gen Z is often portrayed as a generation highly environ-
mentally conscious [96], previous studies have largely treated it as a
homogeneous group. However, the findings of this study indicate a
marked heterogeneity in energy-saving behaviour, which must be
interpreted in relation to specific sociodemographic contexts.

First, participants demonstrated a knowledge gap regarding the en-
ergy performance of their dwellings: about one-third were unaware of
their dwelling’s construction year, and many could not identify their
heating or metering systems. This blind spot likely stems from the
prevalence of rental or shared housing in the sample, which limits vis-
ibility into building energy performance. Since building visibility is
positively associated with occupants’ willingness to undertake energy-
saving interventions [97], limited information access may distort
young occupants’ willingness to adopt energy-saving measures, leading
to overly optimistic/pessimistic assessments of the effectiveness of their
own energy-saving capabilities. When billing responsibilities or device
control are decentralised, individuals often lack the feedback needed to
connect their actions to energy consumption [98]. Interestingly,
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respondents with independent heating systems were more likely to use
heating without energy-saving modes, suggesting that autonomy
without clear feedback may encourage wasteful use. However,
compared to knowledge gain, real-time feedback is more effective in
driving reductions in energy consumption [99], and tailored informa-
tion and feedback can reduce direct energy consumption by at least 5%
[100]. Furthermore, although young people living alone or in shared
accommodation were sensitive to energy costs, over half did not actively
analyse their energy bills, likely due to complex wording and limited
explanatory content that hindered behavioural interpretation [101].
Therefore, among young people, the form of information feedback is
particularly important, especially since Gen Z is affected by instant in-
formation than previous generations.

4.2. Providing tiered behaviour guidance strategies

Living with family members exhibited more consistent energy-saving
habits, in line with previous research [102], while living alone or in
shared housing showed greater behavioural variability, especially in
collective living situations. Wang et al. [124] reported that behaviour in
shared environments is more susceptible to peers’ norms, actions, and
communication. As independent living becomes increasingly common
among Gen Z, traditional family-based strategies for energy intervention
may no longer be applicable in all situations. Future policies must
therefore adapt to diverse and flexible living arrangements among
young adults [103].

Although prior studies have suggested that higher education levels
may promote engagement with sustainable energy topics [104]. This
study reveals that the relationship is not necessarily linear. A higher
level of education does not always translate into a stronger inclination to
seek energy-related knowledge actively. Instead, education appears to
shape preferred information sources rather than directly enhancing
knowledge acquisition. This finding echoes the conclusion of Mills and
Schleich that energy knowledge is not solely determined by education,
but is influenced by other factors [48]. Thus, energy communication
strategies should not assume behavioural potential based on education
alone. More promising approaches may lie in tailoring educational
content based on user profiles, including personal background, infor-
mation preferences, and technological familiarity. Such simplified, step-
based interventions are easier to implement and facilitate faster
decision-making, which is particularly crucial for young individuals
whose energy practices are still being formed.

4.3. Conducting scenario-based energy-saving education and activities

The findings reveal a critical gap at the individual factor level.
Although Gen Z exhibits high awareness of energy efficiency, this atti-
tude does not consistently translate into energy-saving habits or resi-
dential practices. This aligns with the scientific literature [105],
indicating that awareness alone, even with supportive policies, cannot
ensure behavioural change. For example, most respondents prioritised
convenience over avoiding hot-water peak times despite expressing
willingness to modify habits. These patterns show that, for young users,
ease of implementation outweighs methodological accuracy. However,
convenience-driven choices are common in household energy use [106],
especially among younger populations, they should not be interpreted as
behavioural failure [107]. Their high level of awareness laid a solid
foundation and the key to a feasible solution lies in lowering the barriers
to energy-saving actions and providing clear instructions [107].

Psychological factors further shape behavioural intention. According
to the TPB, attitudes are necessary but insufficient for action; PBC and
SN are equally critical [108]. While Gen Z respondents were influenced
by subjective norms, especially peers’ energy-saving behaviour, their
sense of behavioural control was weak, reflected in limited knowledge
and low confidence. Correlation analysis showed that willingness to
engage in energy-related discussions declined among those with lower
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self-perceived knowledge. Unlike elderly adults, information spreads
much faster among Gen Z, who maintain far closer and more immediate
social connections. Breaking this negative loop requires interventions
combining cognitive and social mechanisms, such as low-threshold
knowledge competitions, peer-led discussions, and interactive group
incentives, to enhance energy literacy and sustained engagement. In
addition, schools/universities should offer courses on energy use, energy
consumption, and guidance on energy conservation; however, such
programs are not common [49,52]. On the other hand, PMN also
demonstrated stability in maintaining behaviour. Some research sug-
gests an effect that tends to be more pronounced among highly educated
groups [88]. Education and awareness campaigns thus offer not only
informational benefits but also value-shaping effects that reinforce
users’ sense of responsibility [109].

4.4. Developing user-centred digital tools and incentive mechanisms

Contextual constraints significantly influence Gen Z’s energy-saving
behaviour. Yang et al. found that economic costs have the greatest
impact on young people with low consumption levels [110]. Although
the majority expressed willingness to pay more for high-efficiency
products, limited purchasing power and uncertain long-term returns
hindered adoption. Meanwhile, the results showed that respondents
generally recognised incentives (such as subsidies and rewards) as
triggers for action. Providing economic (material) and social (publicity
and encouragement) incentives can increase the willingness to engage in
energy-saving behaviour. However, He et al. [111] caution that finan-
cial incentives often yield short-term effects and may undermine
intrinsic motivation. Social incentives offer greater potential for long-
term habit formation [112]. It is worth noting that informational in-
terventions are more effective than economic interventions for Gen Z
individuals with lower energy cost burdens (e.g., dormitory) [113].
Thus, incentive design should adapt to user contexts, combining finan-
cial stimuli at the initiation stage with social recognition mechanisms (e.
g., public acknowledgement or community ranking) during behavioural
maintenance.

Furthermore, this study observed that most users believed their
energy-saving capabilities were limited to varying degrees by the
physical environment. While subjective norms strongly influence Gen Z,
they foster consistent energy-saving behaviour only in energy-efficient
living conditions [62]. Many participants expressed interest in adopt-
ing renewable or smart energy technologies but cited concerns about
maintenance, reliability, and usability. This illustrates that simply
providing technology is insufficient to increase adoption rates. The key
issue in technology adoption today is not a lack of advanced technology,
but rather the inability to ascertain whether users possess the necessary
understanding to adopt energy-saving technologies. In other words,
consumers’ perceptions of technology influence their judgments of its
value, thereby affecting their willingness to adopt it [114]. Correlation
analysis reinforced this finding: users with higher self-perceived energy
knowledge were more willing to adopt smart tools. However, one thing
is quite certain that Gen Z is better at using digital tools than any pre-
vious generation [105], which presents a promising opportunity for
developing such tools. Future strategies should match retrofit and digital
tools to users’ skill levels and provide progressive deployment pathways.
The survey results show that Gen Z generally has a high willingness to
retrofit buildings for energy efficiency. Still, their limited professional
knowledge may hinder their ability to adopt complex energy-saving
measures. Therefore, it is necessary to strengthen user support mecha-
nisms such as highly understandable technology demonstrations, step-
by-step energy-saving guidelines, and digital simulation tools to
bridge the knowledge gap.

5. Key insights, limitations and future prospects

This study addressed the three research questions and offered key
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insights into Gen Z’s behavioural patterns and energy use leverage. First,
Gen Z’s residential energy behaviour is heterogeneous and shaped by
multiple factors. Sociodemographic characteristics influence behav-
ioural differences, while convenience and established habits determine
the feasibility of energy-saving actions. Subjective norms may have a
multiplier effect in this generation, enabling rapid diffusion of socially
shared practices. Situation factors, such as incentives and housing con-
ditions, can amplify or restrain behaviour (RQ1). Second, while most
respondents were open to energy-saving measures and building retrofits,
their levels of knowledge were highly uneven. Those with lower self-
perceived knowledge showed higher cognitive and practical barriers
during adoption (RQ2). Finally, although intentions to adopt energy
technologies and retrofit measures were generally high, contextual
constraints, including cost, physical conditions, implementation burden,
and technical understanding, impeded the translation of intentions into
action (RQ3).

Despite the positive results, the study has some limitations. First, the
survey sample consisted mainly of university students at UNIBO, which
relates to the city’s predominantly student population but also limits the
broad applicability of the findings. Future research should include a
more diverse range of Gen Z members, including those under 18, young
professionals, and young adults who have formed independent house-
holds, to capture variations in energy behaviour across different life
stages. Such expansion would enhance both the robustness and gen-
eralisability of the findings. Furthermore, the cross-sectional design of
this study limits its ability to capture the temporal dynamics of the
relationship between energy-saving intentions and actual behaviour.
Future studies could incorporate real energy consumption data or
behavioural tracking tools to further validate the effectiveness of the
proposed behavioural levers.

Overall, these limitations offer clear avenues for future research,
helping to deepen the insights generated here and ultimately support the
development of more effective strategies for engaging the next genera-
tion of energy users.

6. Conclusion

Compared with previous studies that focused on a single perspective
(such as technological performance, behavioural motivation and socio-
demographic), this research adopts an interdisciplinary approach to
examine multiple factors influencing Gen Z’s residential energy behav-
iour, drawing on data from a gamified investigation. Based on the
findings, several promising leverage points are proposed to support
future decision-making and policy development.

The results indicate that although Gen Z generally holds positive
attitudes towards energy-saving, this awareness does not consistently
translate into practice. Enhancing the visibility and clarity of energy
information is therefore crucial. User-friendly feedback systems that
show the major sources of energy consumption and provide personalised
saving recommendations could help young users understand the link
between their actions and energy use.

Developing tiered behavioural guidance that accounts for differences
in personal background, daily routines, and technological literacy would
also help reduce barriers to action. Energy education and communica-
tion are essential levers as well. Policymakers should prioritise embed-
ding energy knowledge into contexts relevant to Gen Z’s daily life,
rather than relying on abstract slogans or policy directives, to strengthen
awareness and understanding in meaningful situations.

Finally, given Gen Z’s digitally oriented environment, designing
user-centred energy-saving tools and platforms that incorporate real-
time feedback, incentives, and social interaction can help reduce
knowledge and skill barriers, thereby fostering long-term engagement in
sustainable behaviour.

In summary, no single strategy can address the diversity of Gen Z’s
residential energy behaviour. Effective behavioural levers must inte-
grate knowledge, technology, psychological, and situational dimensions
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within a multi-layered facilitation framework. A user-centred approach
that aligns strategies with users’ needs can empower young people and
accelerate the transition to lower-carbon residential energy use.
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