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Tpera merynapoana kondepenuuja ETUMA
Third International Conference ETIMA

PREFACE

The Third International Conference “Electrical Engineering, Technology, Informatics, Mechanical
Engineering and Automation — Technical Sciences in the Service of the Economy, Education and
Industry” (ETIMA’25), organized by the Faculty of Electrical Engineering at the “Goce Delchev”
University — Shtip, represents a significant scientific event that enables interdisciplinary exchange of
knowledge and experience among researchers, professors, and experts in the field of technical sciences.
The conference was held in an online format and brought together 78 authors from five different
countries.

The ETIMA conference aims to establish a forum for scientific communication, encouraging
multidisciplinary collaboration and promoting technological innovations with direct impact on modern
life. Through the presentation of scientific papers, participants shared the results of their research and
development activities, contributing to the advancement of knowledge and practice in relevant fields.
The first ETIMA conference was organized four years ago, featuring 40 scientific papers. The second
conference took place in 2023 and included over 30 papers. ETIMA’25 continued this scientific
tradition, presenting more than 40 papers that reflect the latest achievements in electrical engineering,
technology, informatics, mechanical engineering, and automation.

At ETIMA’25, papers were presented that addressed current topics in technical sciences, with particular
emphasis on their application in industry, education, and the economy. The conference facilitated
fruitful discussions among participants, encouraging new ideas and initiatives for future research and
projects.

ETIMA’25 reaffirmed its role as an important platform for scientific exchange and international
cooperation. The organizing committee extends sincere gratitude to all participants for their
contribution to the successful realization of the conference and its scientific value.

We extend our sincerest gratitude to all colleagues who, through the presentation of their papers, ideas,
and active engagement in discussions, contributed to the success and scientific significance of
ETIMA’25.

The Organizing Committee of the Conference



IIPE/II'OBOP

Tperarta merynapoana koudepennuja ,,Enexkrporexuuka, Texnonoruja, Madpopmarnka, MammHcTBO 1
ABTOMaTHKa — TEXHMYKA HAyKHW BO CiIy’)k0a Ha eKOHOMHjaTa, OOpa30BaHUETO W WHAyCTpujaTa‘
(ETUMA’25), opraausupana off EneKTpoTeXHUIKHOT (akynTeT mpu Y HUBEp3UTeToT ,,I onre Jlemaes*
— ITum, npeTcTaByBa 3Ha4YacH HaydeH HACTaH KOj OBO3MOXKYBa WHTEPIUCIMIUIMHApHA pa3MeHa Ha
3HaCHka M MCKYCTBA Mery HCTpaxKyBaud, NPOPECOPH M CKCIEPTH OJ TEXHUYKHTE HAyKH.
Kondepennujara ce onprxa Bo oHIAjH popMaT U 00earHU 78 aBTOPH OJ IET Pa3IAIHH 3EMjH.

Kondepenunjara ETUMA uma 3a nen aa co3aane GopyMm 3a HaydHa KOMYHHKAlHja, MOTTHKHYBajKH
MYJATHIUCLIUILUTMHAPHA COpaOOTKa M IPOMOBHPAjKH TEXHOJIOIIKY HHOBAIMH CO AUPEKTHO BIIWjaHHUE BP3
COBPEMEHOTO JKHBeeme. [IpeKy mpe3eHTanmdja Ha HAyYHH TPYJOBH, YYECHHIIUTE T'M CIIOJETyBaaT
pe3yNTaTUTE O/l CBOMTE MUCTPaXKyBara M Pa3BOJHU aKTHBHOCTH, IIPUIOHECYBAjKH KOH yHAIPEIyBambe
Ha 3HACHETO U NMPAKTUKATa BO PEJIEBAHTHUTE 00JIACTH.

[IpBata xoHdepenmmja ETMMA Oeme opranm3mpaHa TMpel YeTHPW TOIWHHU, TpH INTO Oea
npesentrpann 40 HaydHu TpynoBH. Bropara koHdepenuuja ce oapxka Bo 2023 roanHa U BKIyYd HaJ
30 tpynoBu. ETUMA’25 mnpomoyku co McTaTa Hay4Ha Tpajauiidja, Npe3eHTHpajku moBeke ox 40
TPYZOBH KOWU THM OTCIMKYBaaT HAjHOBUTE [OCTUTHYBama BO o0jacTa Ha €JIEKTPOTEXHHUKATa,
TEXHOJIOTHjaTa, MHPOPMATHKATa, MAIIMHCTBOTO U aBTOMATHKATA.

Ha ETUMA’25 6ea npe3eHTUpaHU TPYI0BH KOM 00pab0OTyBaaT aKTYEIHA TEMH O] TEXHHYKHUTE HAYKH,
Cco ToceOeH akIeHT Ha HHUBHATa NpUMEHa BO HWHAYCTpHjaTa, OOpa30BaHHMETO W EKOHOMHjaTa.
Kondepenuunjara 0Bo3MOXH TUIOIHA JUCKYCHja Mely y4YECHHUIIWTE, MOTTUKHYBAjKHM HOBU HIEH W
WHHULYjaTUBH 32 UIHU UCTPAKYBamba U MIPOEKTH.

ETHUMA’25 ja moTBpau cBojaTa yJiora Kako 3HavajHa IulaTopMa 3a HaydyHa pa3MeHa W
MHTEpHAIMOHAIHA copaboTka. OpraHM3alMOHUOT OI00p yIaTyBa MCKpeHa OJIaroJapHOCT IO CUTE
YUYECHUIIM 32 HUBHUOT MPHIOHEC KOH YCIIEITHATA Peali3allija Ha KOH(EepEeHIMjaTa i Hej3HHATa HaydHa
BpeaHocT. Kondepenijara ce o/ip>xka OHIAjH U 00SAMHU CEIyMICCET U OCYM aBTOPH OJ1 €T Pa3IUIHU
3eMjH.

I/I3pa3yBaMe rojcmMma 6JIal"O,Z[apHOCT A0 CUTC KOJICTU KOU CO NPE3CHTUPAKLC HA CBOUTE TPYAOBU, HJICH U

aKTHBHA BKJIIYUYEHOCT BO JUCKYCHUTE MpHIoHecoa 3a ycnexoT Ha ETMMA’25 u Hej3uHaTa HaydHa
BPEJIHOCT.

Opeanuzayuonen 0060p Ha KoOHepeHyujama
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Abstract

Achieving climate neutrality by 2050 is among the European Union’s highest strategic priorities, with public
engagement and environmental education serving as fundamental components of this effort. This paper examines
the significance of combining education, technological innovation, and behavioural methodologies to foster
environmentally responsible behaviour within the university setting. At the Slovak University of Technology in
Bratislava, a project was carried out in collaboration with industrial partners, aiming to enhance environmental
awareness and promote behavioural change among students and staff. A central element of the project involved
the administration of a questionnaire-based survey designed to assess environmental habits, attitudes, and the
willingness of participants to engage in sustainability-oriented initiatives. The findings indicate a high level of
environmental awareness and a strong willingness to support sustainable practices, particularly in the areas of
energy and water conservation, waste management, and the adoption of renewable energy sources. The project
underscores the vital role of integrating innovative technologies with educational strategies as effective tools in
advancing climate neutrality within the academic environment. The main results of questionnaire are discussed in
the paper.

Key words

environment, climate neutrality, questionnaire, renewable energy

Introduction

Climate neutrality has become a central theme of the European Union’s environmental strategy,
with a net-zero emissions goal set for 2050. This ambitious target requires profound
transformation across sectors, including energy, transport, and industry. Achieving it demands
not only technological solutions but also significant behavioural shifts within society. Public
engagement is essential, as individual lifestyle changes directly impact policy success.
Education plays a vital role in cultivating environmentally responsible behaviour. It empowers
individuals to make informed choices aligned with sustainability goals. The Slovak University
of Technology in Bratislava has responded to this challenge through a project focused on
education and innovation. In collaboration other partners e.g. from industry and Slovak
Academy of Science, the university aims to support behavioural change among students and
staff. The project combines modern renewable energy education with digital tools. A baseline
survey was conducted to understand current environmental attitudes. Results indicate strong
awareness and willingness to act sustainably. Priorities include energy savings, water
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conservation, and improved waste management. These insights form the foundation for targeted
educational initiatives. The project demonstrates how universities can lead by example. It aligns
with broader EU climate ambitions and promotes a sustainable campus culture. For better
understanding of the students and academic staff meaning to the problematic of environment,
climate neutrality and sustainability, the questionnaire with 20 questions addressed mentioned
problems were prepared. A range of topics which include e.g. energy and water conservation
practices, preferred modes of transportation, commuting distances to the university, and factors
influencing transportation choices, as well as motivational drivers for adopting more
sustainable mobility options. In addition, the survey assessed respondents’ awareness of climate
change and their interest in participating in environmental initiatives within the university
context. The main results of questionnaire are shown and discussed in the paper.

1. Climate neutrality

The concept of climate neutrality is increasingly prevalent in contemporary discourse,
particularly in relation to the European Union’s strategic environmental goals. The EU has
committed to achieving a net-zero emissions balance by 2050, a target that entails a
comprehensive transformation across multiple sectors of the economy. This objective is to be
realized not only through well-established approaches such as the expansion of renewable
energy sources and improvements in energy efficiency, but also through the removal of carbon
dioxide and other greenhouse gases from the atmosphere, via both natural processes (e.g.,
vegetation) and technological interventions.

A crucial component of this transition involves supporting the population in adapting to a
greener economy, thereby acknowledging the socio-economic dimensions of climate action.
Climate neutrality refers to a state in which a balance is maintained between the greenhouse
gases emitted into the atmosphere and those that are removed or offset. This is accomplished
through a combination of emission reductions, removals, and compensatory mechanisms, and
it contributes to enhanced air quality and public health outcomes. The overarching aim of
climate neutrality is to mitigate global warming and protect ecosystems.

Importantly, climate neutrality encompasses not only carbon dioxide (CO-) but also other potent
greenhouse gases such as methane (CH4) and nitrous oxide (N20). The EU’s commitment to
achieving climate neutrality by 2050 was formalized through the European Climate Law,
adopted in 2021, which also sets intermediate targets, including a 55% reduction in emissions
by 2030 relative to 1990 levels. [1,2]

This objective forms a central pillar of the European Green Deal, a broad policy initiative
designed to transform the EU’s economy across key sectors such as energy, transport,
agriculture, and industry. It incorporates targeted strategies like the Farm to Fork Strategy and
the Circular Economy Action Plan, both of which aim to promote sustainability and reduce
environmental burdens.

Furthermore, the European Commission has proposed an interim target of a 90% reduction in
greenhouse gas emissions by 2040, compared to 1990 levels. This target serves as a critical
milestone on the path toward climate neutrality by 2050 and underscores the urgency of
accelerating decarbonization efforts over the coming decades. The transition to renewable
energy sources remains a cornerstone of achieving these long-term objectives.

The active involvement of the population is crucial to the successful implementation of
proposed measures addressing climate change, as these initiatives necessitate significant
changes in individual behaviour, consumption patterns, and lifestyle choices. Without public
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support, such transformations may encounter resistance; conversely, when individuals
comprehend the urgency and rationale behind these changes, they are more likely to adopt
climate-friendly practices—such as home insulation, reduction in consumption, waste
separation, and the use of sustainable modes of transport. Accordingly, education and
awareness-raising initiatives constitute essential instruments in facilitating a successful
transition to a low-carbon society. [1,2,4]

Support for the green economy also manifests through consumer behaviour, particularly in the
adoption of energy-efficient technologies and practices. The alignment of individual actions
with broader environmental goals enhances the overall effectiveness of climate policies.

2. The results of the questionnaire survey at Slovak University of Technology in
Bratislava

In response to the growing imperative to address the climate crisis and to fulfil commitments
arising from both European Union directives and the Paris Agreement, an ambitious project
was launched at the Slovak University of Technology in Bratislava (STU) in collaboration with
industrial partners. This initiative aims, among other objectives, to evaluate the effectiveness
of an educational programme and behavioural methodology targeted at students and university
staff, with the overarching goal of contributing to or approaching climate neutrality at STU.
The project represents a synergistic integration of cutting-edge technological innovations,
education, and empirical assessment, thereby offering a model for how academic institutions
can play a leading role in the transition to climate neutrality.

Within the framework of the project, efforts are directed toward motivating individuals to adopt
environmentally responsible behaviour. The educational programme is designed to be closely
aligned with up-to-date information on advancements in renewable energy sources and related
battery storage technologies. The project seeks to establish a link between innovative
technological solutions and behavioural change, based on the premise that ecological habits can
be encouraged, reinforced, and scaled through the implementation of smart technologies and
digital infrastructure. Further information about the project is available at: www.rebecca.sk.
As an initial step toward encouraging individual engagement, a questionnaire-based survey was
conducted with the aim of assessing the environmental behaviour and attitudes of students,
academic staff, and other employees of the Slovak University of Technology (STU). The survey
was carefully designed to yield a comprehensive understanding of daily habits, perceptions of
sustainability, and the willingness of individuals to participate in environmental initiatives.
The questionnaire addressed a range of topics, including energy and water conservation
practices, preferred modes of transportation, commuting distances to the university, and factors
influencing transportation choices, as well as motivational drivers for adopting more
sustainable mobility options. In addition, the survey assessed respondents’ awareness of climate
change and their interest in participating in environmental initiatives within the university
context.

The survey also sought to capture respondents’ views on potential institutional measures aimed
at enhancing resource efficiency, their preferences for environmental activities that could be
introduced at the university, and their opinions regarding the integration of sustainability-
focused educational programmes into the formal curriculum.

The findings of the survey represent a valuable foundation for the development and
implementation of strategies intended to reduce the university’s carbon footprint. Furthermore,
the data will serve as a mechanism for evaluating the effectiveness of the educational
programme, particularly its capacity to encourage behavioural change in support of
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sustainability. This methodology aligns with a broader academic trend that emphasizes the
interconnection between technological innovation, environmental literacy, and the active
engagement of university communities in the transition toward a more sustainable future.

A total of 101 respondents participated in the survey, with students comprising nearly 77% of
the sample. Notably, only 2% of participants indicated a very low level of awareness regarding
climate change and its implications for the planet. Similarly, only 2% of respondents reported
either not feeling responsible or not actively contributing to the achievement of climate
neutrality (see Fig. 1). These results suggest a generally high level of environmental awareness
and a willingness to engage with sustainability initiatives within the university community.

| feel a great responsibility and actively

try to contribute

| feel a certain responsibility and sometimes
| contribute

| feel little personal responsibility

| don't think | should be held responsible

| don't have an opinion on it

Climate neutrality is nonsense

| don't feel responsible, but | take an active approach

| don't feel responsible

Fig. 1 Percentage distribution of answers to the question: How do you perceive your personal
responsibility in achieving climate neutrality?

Among all respondents (101), 42.6% expressed agreement (responding “yes” or “rather yes”)
with the proposition that sustainability education programmes should be integrated into
university curricula. In contrast, 25.8% considered such integration unnecessary (“no” or
“rather no”), while the remaining 31.7% adopted a neutral stance on the matter.

Given that the respondents come from technical institution, it may be reasonably assumed that
both academic staff and students possess a relatively high level of awareness and understanding
of topics such as energy efficiency, renewable energy sources, and energy consumption. In this
context, responses to the question “Which environmental topics should be prioritized at STU
over the next five years?” yielded particularly insightful results. Two topics were identified by
more than 60% of respondents as priorities: the reduction of operational energy consumption
and water conservation. These areas were also highlighted within the project as particularly
urgent challenges. The third most frequently selected priority was the improvement of waste
management systems, while 34.7% of respondents identified the adoption of renewable energy
sources as a key area for future focus. Additionally, in response to the open-ended question
inviting further suggestions or comments regarding environmental sustainability at Slovak
technical University in Bratislava, several respondents proposed the installation of photovoltaic
systems on faculty buildings, indicating a proactive interest in expanding the university’s use
of clean energy technologies.
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Environmental seminars and workshops Inclusion

22 (21,8 %)

of environmental topics in teaching
Environmental projects and competitions
University gardens and composters

Rainwater retention

Creating a hub for the reuse of unused items §
haring system [tools, books, sports equipment)

32 (31,7 %)

30 (28,7 %)

42 (41,6 %)

44 (43,8 %)
46 (45,5 %)
42 (41,6 %)

Volunteer activities {planting trees or cleaning up

the area) 38 (37,6 %)

Planting greenery in the area 1(1 %)
- Changes for technical/operational service 1(1 %)
Don't deal with stupidity 1({1 %)
Sorting of waste from offices 1(1 %)
I'm not interested in even thinking about it 1(1%)
Nothing 1(1%)
- Proper waste sorting 1(1%)

0 10 20 30 40 50

Fig. 2 Percentage redistribution of answers to the question: Which of the following environmental
initiatives would you welcome at the university?

As many as 56.4% of respondents identified economic demands as the most significant barrier
to achieving climate neutrality at university. Administrative complexity (41.6%) and
technological limitations (40.6%) were ranked as the second and third most significant
obstacles, respectively. Notably, only 1% of respondents believe that climate neutrality is
unachievable, even in the absence of any barriers.

Responses to the question, "Which of the following environmental initiatives would you
welcome at the university?" are presented in Figure 2. The option "Volunteer activities (e.g.,
tree planting or environmental clean-ups)" received a relatively high level of support. This
indicates that respondents are not indifferent to the idea of contributing to a better environment.
However, when asked, "To what extent are you willing to get involved in STU activities and
projects focused on sustainability?", 45.5% expressed a neutral stance, while 27.7% indicated
they were very willing or willing to participate.

40

30 32 (31,7 %)

75 (24.8 %)
20

18 (17,8 %)

15 (149 %)

11 (10,9 %)

1 2 3 4 5

Fig. 3 Percentage redistribution of answers to the question: Do you think sustainability education
programs should be part of university teaching? 1 — No, 5 — Definitely yes

When asked whether sustainability should be incorporated into educational curricula,
approximately 18% of respondents indicated strong agreement, whereas nearly 11% expressed
disagreement. The largest proportion of responses (31,7%) were neutral on the issue (see Fig.
3).

We would like to include a response to an open-ended comment provided by one of the
participants: "Let us act in an environmentally responsible manner, but we must also
acknowledge the limitations of the idealized notions of 'green, sustainable, and carbon-free’
behavior. In other words, | would first reconsider the terminology used, and 1 would caution
against setting unrealistic expectations. In any case, it is essential to prioritize technical
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solutions that can deliver the greatest possible environmental benefit at the lowest possible
cost.”

Conclusion

The findings of the questionnaire survey conducted at the Slovak University of Technology in
Bratislava confirm the critical role of education and technological innovation in advancing
climate neutrality goals. The high level of environmental awareness among students and staff
provides a strong foundation for the implementation of targeted sustainability initiatives.
Respondents demonstrated a notable willingness to engage in environmentally responsible
practices, particularly in areas such as energy and water conservation and waste management.
These priorities are consistent with broader EU climate strategies and highlight the relevance
of localized action within academic settings. A significant portion of participants also expressed
support for integrating sustainability into formal university curricula, reflecting an openness to
long-term educational change.

At the same time, the survey revealed certain barriers, notably financial constraints and
administrative complexity, that must be addressed to ensure the effective implementation of
environmental policies. The results underscore the importance of institutional support in
overcoming these challenges and enabling behavioural transformation. Furthermore,
respondents’ suggestions, including the installation of photovoltaic systems, illustrate a
proactive interest in the adoption of renewable energy technologies. While neutral attitudes
were recorded in some areas, such as willingness to participate in university-led sustainability
projects, this indicates a need for stronger motivational mechanisms.

It is essential to balance environmental ambitions with practical limitations, avoiding idealized
expectations in favour of achievable outcomes. The integration of smart technologies with
educational programming appears to be a promising pathway for fostering systemic behavioural
change. This aligns with the broader objective of transforming university campuses into
laboratories for climate innovation and responsible citizenship. The data obtained through this
research offer a valuable basis for monitoring progress and guiding future interventions.
Ultimately, the project reinforces the idea that higher education institutions have both the
opportunity and the responsibility to lead by example in the global transition to climate
neutrality.
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