
 

 

  

FEJLŐDÉSI PÁLYÁK ÉS ÚJ TÖRÉSVONALAK A 
FENNTARTHATÓSÁGI ÁTMENET IDŐSZAKÁBAN 
DEVELOPMENT TRAJECTORIES AND NEW DIVIDES IN TIMES OF SUSTAINABILITY TRANSITIONS 

 
Szerkesztők / Editors:  
RESPERGER Richárd, SZÉLES Zsuzsanna, TÓTH Balázs István 
 

 
KONFERENCIAKÖTET  

Conference Proceedings 

 
 

Nemzetközi tudományos konferencia  
a Magyar Tudomány Ünnepe alkalmából  

International Scientific Conference  
on the Occasion of the Hungarian Science Festival 

 
 
 

Sopron, 2025. november 6.  
6 November 2025, Sopron 

 
 
 



 

Nemzetközi tudományos konferencia a Magyar Tudomány Ünnepe alkalmából  
International Scientific Conference on the Occasion of the Hungarian Science Festival 

 
Sopron, 2025. november 6. / 6 November 2025, Sopron 

 
 

 
FEJLŐDÉSI PÁLYÁK ÉS ÚJ TÖRÉSVONALAK A 

FENNTARTHATÓSÁGI ÁTMENET IDŐSZAKÁBAN 
DEVELOPMENT TRAJECTORIES AND NEW DIVIDES 

IN TIMES OF SUSTAINABILITY TRANSITIONS 
 
 

KONFERENCIAKÖTET 

CONFERENCE PROCEEDINGS 

LEKTORÁLT TANULMÁNYOK / PEER-REVIEWED PAPERS 

 

 

Szerkesztők / Editors:  

RESPERGER Richárd – SZÉLES Zsuzsanna – TÓTH Balázs István 

 

 

 

 

SOPRONI EGYETEM KIADÓ 

UNIVERSITY OF SOPRON PRESS 

SOPRON, 2026  



 

         

/ 
  

Mottó: „200 év a tudás és a társadalom szolgálatában” 
/ Motto: „200 years to knowledge and service to society” 

 

 
 
 

Felelős kiadó / Executive Publisher: Prof. Dr. FÁBIÁN Attila 
a Soproni Egyetem rektora / Rector of the University of Sopron 

 
 
 

Szerkesztők / Editors:  
Dr. RESPERGER Richárd, Prof. Dr. SZÉLES Zsuzsanna, Dr. habil. TÓTH Balázs István 

 
Lektorok / Reviewers:  

Dr. BARTÓK István, BAZSÓNÉ Dr. BERTALAN Laura, Dr. BEDNÁRIK Éva,  
Dr. CZIRÁKI Gábor, Dr. DIÓSSI Katalin, Dr. habil. BARANYI Aranka,  

Dr. habil. JANKÓ Ferenc, Dr. habil. JUHÁSZ Tímea, Dr. habil. PAÁR Dávid,  
Dr. habil. PAPP-VÁRY Árpád, Dr. habil. SZABÓ Zoltán, Dr. habil. TÓTH Balázs István,  

Dr. HOSCHEK Mónika, Dr. KARNER Cecília, Dr. KERESZTES Gábor,  
Dr. habil. KOLOSZÁR László, Dr. KÓPHÁZI Andrea, Dr. MÉSZÁROS Katalin,  
Dr. NÉMETH Nikoletta, Prof. Dr. OBÁDOVICS Csilla, Dr. PALANCSA Attila,  

PAPPNÉ Dr. VANCSÓ Judit, Dr. RESPERGER Richárd, Prof. Dr. SZÉKELY Csaba,  
Prof. Dr. SZÉLES Zsuzsanna, Dr. SZÓKA Károly, Dr. TAKÁTS Alexandra 

 
Tördelőszerkesztő / Layout Editor: Dr. RESPERGER Richárd 

 

ISBN 978-963-334-579-5 (pdf) 

DOI: https://doi.org/10.35511/978-963-334-579-5 

A kötetben közölt tanulmányok tartalmáért kizárólag a szerzők felelősek.  
/ The authors are solely responsible for the content of the papers published in this volume. 

 

Creative Commons license: CC BY-NC-SA 4.0 DEED 

 

Nevezd meg! - Ne add el! - Így add tovább! 4.0 Nemzetközi 
Attribution-NonCommercial-ShareAlike 4.0 International  

https://doi.org/10.35511/978-963-334-579-5
https://doi.org/10.35511/978-963-334-579-5


 

SZERVEZŐK 

 

Soproni Egyetem Lámfalussy Sándor Közgazdaságtudományi Kar (SOE LKK), 
A Soproni Felsőoktatásért Alapítvány 

 
A konferencia elnöke: Prof. Dr. SZÉLES Zsuzsanna PhD egyetemi tanár, dékán (SOE LKK) 

 
A konferencia Tudományos Bizottsága: 

 Prof. Dr. FÁBIÁN Attila PhD egyetemi tanár (SOE LKK); a Soproni Egyetem rektora; 

 Prof. Dr. KULCSÁR László CSc professzor emeritus (SOE LKK); 

 Prof. Dr. OBÁDOVICS Csilla PhD egyetemi tanár, Doktori Iskola-vezető (SOE LKK); 

 Prof. Dr. SZALAY László DSc egyetemi tanár (SOE LKK); 

 Prof. Dr. SZÉKELY Csaba DSc professzor emeritus (SOE LKK); 

 Prof. Dr. SZÉLES Zsuzsanna PhD egyetemi tanár (SOE LKK); 

 Prof. Dr. Clemens JÄGER PhD egyetemi tanár, dékán (FOM Közgazdaságtudományi és 

Menedzsment Egyetem, Essen, Németország), c. egyetemi tanár (SOE); 

 Prof. Dr. Alfreda ŠAPKAUSKIENĖ PhD egyetemi tanár (Vilniusi Egyetem, Közgazdaság-

tudományi Kar, Litvánia); 

 Dr. habil. BARANYI Aranka PhD egyetemi docens (SOE LKK); 

 Dr. habil. KOLOSZÁR László PhD egyetemi docens (SOE LKK); 

 Dr. habil. PAPP-VÁRY Árpád Ferenc tudományos főmunkatárs (SOE LKK); 

 Dr. habil. POGÁTSA Zoltán PhD egyetemi docens (SOE LKK); 

 Dr. habil. SZABÓ Zoltán PhD egyetemi docens (SOE LKK); 

 Dr. habil. TÓTH Balázs István PhD egyetemi docens, a Lámfalussy Kutatóközpont igaz-

gatója (SOE LKK); 

 Dr. habil. Eva JANČÍKOVÁ PhD egyetemi docens (Pozsonyi Közgazdaságtudományi 

Egyetem, Nemzetközi Kapcsolatok Kar, Szlovákia); 

 Dr. Rudolf KUCHARČÍK PhD egyetemi docens, dékán (Pozsonyi Közgazdaságtudomá-

nyi Egyetem, Nemzetközi Kapcsolatok Kar, Szlovákia). 

  
A konferencia Szervező Bizottsága: 

 Dr. MÉSZÁROS Katalin PhD egyetemi docens, dékánhelyettes (SOE LKK) 

 PAPPNÉ Dr. VANCSÓ Judit PhD egyetemi docens, intézetigazgató, dékánhelyettes 

(SOE LKK); 

 Dr. HOSCHEK Mónika PhD egyetemi docens, intézetigazgató (SOE LKK); 

 Dr. NÉMETH Nikoletta PhD egyetemi docens, intézetigazgató (SOE LKK); 

 Dr. BARTÓK István János PhD egyetemi docens (SOE LKK); 

 Dr. SZÓKA Károly PhD egyetemi docens (SOE LKK); 

 Dr. DIÓSSI Katalin PhD adjunktus (SOE LKK); 

 Dr. RESPERGER Richárd PhD adjunktus (SOE LKK). 

  



 

ORGANIZERS 
  

University of Sopron, Alexandre Lamfalussy Faculty of Economics (SOE LKK), 
For the Higher Education in Sopron Foundation 

 
Conference Chairperson: Prof. Dr. Zsuzsanna SZÉLES PhD Professor, Dean (SOE LKK) 

 
Scientific Committee: 

 Prof. Dr. Attila FÁBIÁN PhD Professor (SOE LKK), Rector of the University of Sopron; 

 Prof. Dr. László KULCSÁR CSc Professor Emeritus (SOE LKK); 

 Prof. Dr. Csilla OBÁDOVICS PhD Professor, Head of Doctoral School (SOE LKK); 

 Prof. Dr. László SZALAY DSc Professor (SOE LKK); 

 Prof. Dr. Csaba SZÉKELY DSc Professor Emeritus (SOE LKK); 

 Prof. Dr. Zsuzsanna SZÉLES PhD Professor, Dean (SOE LKK); 

 Prof. Dr. Clemens JÄGER PhD Professor, Dean (FOM University of Applied Sciences for 
Economics and Management, Essen, Germany), Honorary Professor (SOE); 

 Prof. Dr. Alfreda ŠAPKAUSKIENĖ PhD Professor (Vilnius University, Faculty of Econo-
mics and Business Administration, Lithuania); 

 Dr. habil. Aranka BARANYI PhD Associate Professor (SOE LKK); 

 Dr. habil. Árpád Ferenc PAPP-VÁRY PhD Senior Research Fellow (SOE LKK); 

 Dr. habil. Zoltán POGÁTSA PhD Associate Professor (SOE LKK); 

 Dr. habil. Zoltán SZABÓ PhD Associate Professor (SOE LKK); 

 Dr. habil. Balázs István TÓTH PhD Associate Professor, Director of the Lamfalussy Re-
search Centre (SOE LKK); 

 Dr. habil. Eva JANČÍKOVÁ PhD Associate Professor (University of Economics in Bratis-
lava, Faculty of International Relations, Slovakia); 

 Dr. Rudolf KUCHARČÍK PhD Associate Professor, Dean (University of Economics in 
Bratislava, Faculty of International Relations, Slovakia).  

 
Organizing Committee: 

 Dr. Judit PAPPNÉ VANCSÓ PhD Associate Professor, Director of Institute, Vice Dean 
(SOE LKK); 

 Dr. Tamás PIRGER PhD Assistant Professor, Vide Dean (SOE LKK); 

 Dr. Mónika HOSCHEK PhD Associate Professor, Director of Institute (SOE LKK); 

 Dr. Nikoletta NÉMETH PhD Associate Professor, Director of Institute (SOE LKK); 

 Dr. István János BARTÓK PhD Associate Professor (SOE LKK); 

 Dr. Gábor KERESZTES PhD Associate Professor, Vice Dean (SOE LKK); 

 Dr. habil. László KOLOSZÁR PhD Associate Professor (SOE LKK); 

 Dr. Károly SZÓKA PhD Associate Professor (SOE LKK); 

 Dr. Katalin DIÓSSI PhD Assistant Professor (SOE LKK); 

 Dr. Richárd RESPERGER PhD Assistant Professor (SOE LKK). 



6 

 

 

 

TARTALOMJEGYZÉK / CONTENTS 
 

1. szekció: Társadalmi kihívások és társadalmi innovációk 
Session 1: Social Challenges and Social Innovations 

Társadalmi törésvonalak és reziliencia az egyszülős családok körében  
BUJDOSÓ-KURUCSÓ Alexandra  .............................................................................................. 12 
 
A 70 az új 60? Kit tartunk idősnek napjainkban?  
TRUNKOS Ildikó  ...................................................................................................................... 20 
 
Alternatives, Challenges, and Opportunities in the Automotive Industry of the 21st Century 
János Pál PÁTZAY – Máté NAGY  ............................................................................................. 29 
 
Informális gazdasági kapcsolatok a vidéki térségekben Magyarországon. Összehasonlító 
vizsgálat, 1998–2024  
KULCSÁR László – David L. BROWN – OBÁDOVICS Csilla  ....................................................... 38 
 
A nagy nyelvi modellek kreativitásának kérdései a kreatív problémamegoldás tükrében - 
Koncepcionális kiindulópontok  
DROBNY-BURJÁN Andrea  ....................................................................................................... 47 
 

2. szekció: Turizmus és marketing, fenntartható turizmus 
Session 2: Tourism and Marketing, Sustainable Tourism 

Petfluencer marketing: Kisállatok mint véleményvezérek a közösségimédia marketingben – 
Tika the Iggy kutya influencer és Marta Sierra humán influencer Instagram-aktivitásának 
összehasonlító tartalomelemzése  
DINGFELDER Patrícia – PAPP-VÁRY Árpád Ferenc  ................................................................. 59 
 
Kötelező láthatóságból stratégiai kommunikáció: a hazai fejlesztési programok 
kommunikációs csomagjainak összehasonlító elemzése  
HIDASI Andrea  ........................................................................................................................ 69 
 
Az élményalapú fenntartható agroturizmus témában végzett bibliometriai áttekintés Az 
élményalapú fenntartható agroturizmus témában végzett bibliometriai áttekintés 
BOGNÁR Éva – HOSCHEK Mónika – DUNAY Anna  ................................................................. 82 
 
Sztárfutballisták márkaépítése a közösségi médiában – Kvalitatív vizsgálat a digitális 
jelenlét, a hitelesség és a piaci érték kapcsolatáról  
MOLNÁR Dominik – PAPP-VÁRY Árpád Ferenc  ...................................................................... 94 
 
Egy magyar futballsztár és személyes márkájának felemelkedése – Szoboszlai Dominik 
márkaépítésének elemzése a digitális és sportpiaci térben  
KORIM Dorina – PAPP-VÁRY Árpád Ferenc  .......................................................................... 111 
 

 
 
 
 



7 

 

 

 

3. szekció: Fenntarthatósági átmenet és digitális innovációk 
Session 3: Sustainability Transition and Digital Innovations 

Adatvezérelt fenntarthatóság: ellátási lánc szimulációs labor a zöld döntés szolgálatában 
SALUSINSZKY András – BUDAI László  ................................................................................... 127 
 
Sárvár városi erdeinek klímavédelmi szerepe a fenntarthatósági átmenet tükrében  
KIRÁLY Éva – BOROVICS Attila  .............................................................................................. 138 
 
Digitális fejlesztésekkel megoldható környezeti fenntarthatóságot érintő kihívások a hazai 
agrárinnovációs ökoszisztémával összefüggésben  
HOLÁN Balázs – SZÓKA Károly – RADÁCSI László  ................................................................. 155 
 
Digitalizációs attitűd vizsgálata egyetemi hallgatók körében  
KERESZTES Gábor – NÉMETH Nikoletta – MÉSZÁROS Katalin  ............................................. 172 
 

4. szekció: Fenntartható pénzügyek – Fenntartható gazdálkodás 
Session 4: Sustainable Finance – Sustainable Management 

Az ESG múltja, jelene és jövője a magyarországi vállalatok életében  
SZABÓ Csaba  ......................................................................................................................... 186 
 
Zöld szemlélet a Soproni Egyetemen  
NÉMETH Nikoletta – MÉSZÁROS Katalin  .............................................................................. 201 
 
A fenntartható közúti áruszállítás járművei: kihívások és lehetőségek  
EGERVÁRI István  ................................................................................................................... 213 
 
A várostervezés új kihívásai  
OSZVALD Ferenc Nándor  ...................................................................................................... 227 
 

5. szekció: Global and Regional Aspects of Sustainable Development 
Session 5: Global and Regional Aspects of Sustainable Development  

Sociocultural Influences on Green Transition: Community Resilience and the Solar Energy 
Shift in Lebanon  
Nadine AL AMINE  ................................................................................................................. 241 
 
From Barriers to Action: Individual Responsibility and Solutions for Selective Waste 
Collection in Western Hungary  
Boglárka KONKA – Veronika LÁSZLÓ – Andrea Magda NAGY – Stefánia Matild TÖREKI – 
Zsuzsa DARIDA  ...................................................................................................................... 254 
 
Digital Twins in Sustainable Supply Chain Management: An Exploratory Cross-Case Analysis 
Magdalena WITTMANN  ........................................................................................................ 266 
 
Bridging the Divide: A Systematic Literature Review of Sustainability Pathways for SMEs in 
Sub-Saharan Africa Amid Global Sustainability Transitions  
Eulalia ANG’EDU – Katalin DIÓSSI  ........................................................................................ 278 
 



8 

 

 

 

Intermodal Transport, Sustainability, and Security Challenges in South Africa’s Automotive 
Logistics  
Anikó RICHTER – Csaba I. HENCZ  .......................................................................................... 296 
 

6. szekció: Sustainable Economy and Management (személyes) 
Session 6: Sustainable Economy and Management (in-person) 

Toward Zero Waste: Applying the 9R Framework in Sustainable Event Management  
Katalin VIGH – Katalin DIÓSSI  ............................................................................................... 308 
 
Essential Steps in Sustainable Corporate Event Management  
Katalin VIGH – Katalin DIÓSSI  ............................................................................................... 318 
 
Exploring the Impact of Mountain Tourism Facilities and Activities on Domestic Tourism 
Consumption and  Sustainability of Local Community Livelihoods Community: A Literature 
Review  
Deborah KANGAI – Árpád Ferenc PAPP-VÁRY – Viktória SZENTE  ........................................ 326 
 
Sustainability by Design: User Experience Strategies in Green Tourism Marketing  
Nawres DHOUIB – Éva BEDNÁRIK  ........................................................................................ 340 
 
Integrált jelentések a magyarországi tőzsdei kibocsátók körében  
BARTÓK István János  ............................................................................................................ 353 
 

7. szekció: Sustainable Economic Decisions 
Session 7: Sustainable Economic Decisions 

Analyst Forecast Properties Around IFRS-Based Consolidation: Coverage, Dispersion, and 
Bias in Morocco  
Saddek BAROUD – Anita TANGL  ........................................................................................... 363 
 
Behavioral Finance for Rational and Sustainable Decision-Making Capital Markets - An 
Analysis of Investor Behavior Using the Example of Wirecard AG  
Mathilda STOCKHAUS – Christian BERNER  .......................................................................... 378 
 
Designing ESG Reports with Nudges: Integrating Behavioural Insights into CFO-Led 
Sustainability Reporting  
Safaâ HOUNA – Lena Lotta STICKEN – Károly SZÓKA  ........................................................... 403 
 
Integrating AI-driven Macroeconomic Forecasting with Exchange Rate Hedging: The Case 
of Japanese Yen  
Avaz MAMMADOV – Kanan MAMMADLI – Károly SZÓKA – Balázs István TÓTH  ................ 421 
 
Der Einfluss der deutschen § 6b EStG-Rücklagenbildung im internationalen 
Rechnungslegungsstandart nach IFRS für eine deutsche Personengesellschaft einer 
multinationalen Unternehmensgruppe  
Linda MATTHES – Katalin DIÓSSI  – Zsuzsanna SZÉLES  ........................................................ 435 
 



9 

 

 

 

Reconceptualizing Organizational Commitment in the Age of Sustainability: A Reflexive 
Grounded Theory Perspective on Fragmentation and Complexity in the Public Sector 
Jessica KULCZYCKI – Katalin DIÓSSI  ...................................................................................... 454 
 
Eine kritische Analyse der Vereinbarkeit zwischen Nachhaltigkeit und KI in Unternehmen 
André HEISLER – Károly SZÓKA  ............................................................................................ 468 
 

8A. szekció: Fenntarthatósági kihívások és innovatív válaszok 
Session 8A: Sustainability Challenges and Innovative Responses 

Magyar divatipari designer márkák online- és offline megjelenésének elemzése  
VIZI Noémi  ............................................................................................................................ 478 
 
Bizalom és hitelesség az influenszer-marketingben: digitális kommunikáció a kutyaeledel 
szektorban  
CSÓTYA Klára – LUKÁCS Rita – PAPP-VÁRY Árpád Ferenc  ................................................... 492 
 

8B. szekció: Fenntarthatósági kihívások és innovatív válaszok 
Session 8B: Sustainability Challenges and Innovative Responses 

A mesterséges intelligencia lehetőségei a nyugdíjbiztonság területein  
SZABÓ Zsolt Mihály  .............................................................................................................. 511 
 
Virtuális migráció? A távmunka, mint új dimenzió a fenntartható mobilitásban  
GAÁL Sándor András – OBÁDOVICS Csilla – RESPERGER Richárd  ........................................ 520 
 
Az egészségműveltség fejlesztése a gyógyszertárakban a fenntarthatóság 
figyelembevételével  
PORZSOLT Péter – PAPP-VÁRY Árpád Ferenc ....................................................................... 535 
 

9. szekció: Sustainable Economy and Management (online) 
Session 9: Sustainable Economy and Management (online) 

Hidden Fault Lines in Sustainability Transitions: Silence, Commitment, Citizenship and 
Machiavellianism  
Andrea MÁTÉ  ........................................................................................................................ 547 
 
Investigation of Differences in Labour Productivity Between the Visegrád Group Countries 
(V4) Compared to Germany and the Impact on Their Workers’ Wages  
Andreas HUTH  ...................................................................................................................... 567 
 
Sustainable Management in Inpatient Long-Term Care in Germany Through Competence-
Based Staffing  
Rita ZÖLLNER – Silke MAGES  ................................................................................................ 581 
 
Overview of Employment Forms of University Students in the Mirror of Changes in 
Legislation, with Particular Respect to Dual Training in Hungary  
Tünde FIERS – Ágnes SIKLÓSI – Krisztina A. SISA  .................................................................. 599 
 

 



10 

 

 

 

10. szekció: Sustainability Challenges and Innovations 
Session 10: Sustainability Challenges and Innovations  

The Concept of Vulnerable Households in European Energy Policy  
Ágnes VÁRADI  ....................................................................................................................... 615 
 
Co-Creation and Personalisation in Autonomous Mobility: A Qualitative Exploration of 
User Expectations  
Phillipp NOLL – Nils Andreas EIBER  ...................................................................................... 626 
 
How Do ESG Factors Influence Financial Performance in Leading Sustainable Companies? 
László Zoltán KUCSÉBER  ....................................................................................................... 646 
 
Emotional Artificial Intelligence in Interpersonal Leadership: Technological Implementation 
and Social Impact  
Nils Andreas EIBER – Rüdiger GRIMM  .................................................................................. 655 
 
Regulatory AI as Catalyst: Framework for Sustainable Financial Transformation  
Alexander Maximilian RÖSER – Cedric BARTELT – Ricky WEIß  ............................................ 678 
 

11. szekció: Poszter szekció 
Session 11: Poster Session  

Organizational Theory in the Context of Climate Change and Potential Application for the 
Green Transition of the Iron and Steel Industry  
Beáta BURÓ  .......................................................................................................................... 696 
 
Quantitative Easing and Its Effects on Economies: A Systemic Literature Review With a 
European Focus  
Magnus RADEMACHER  ......................................................................................................... 716 
 
Der Wert von Daten als nachhaltige Ressource: Chancen und Risiken im Kontext von 
Künstlicher Intelligenz  
Chantal LEISING  .................................................................................................................... 744 
 
Csepreg, a boldog utazó desztinációja Vas vármegyében  
HORVÁTH Kornélia Zsanett  .................................................................................................. 766 
 
A holland körforgásos gazdaság hatása a holland országimázsra  
KALCSÚ Zoltán – BEDNÁRIK Éva  ........................................................................................... 782 
 
Dróntechnológia a vasúti infrastruktúra szolgálatában: nemzetközi trendek és a hazai 
tapasztalatok  
KOLOSZÁR László – IONESCU Astrid  ..................................................................................... 796 

 

  



29 

 

 

 

DOI: 10.35511/978-963-334-579-5-s1-3 

 

Alternatives, Challenges, and Opportunities in the Automotive Industry of 

the 21st Century 
 

János Pál PÁTZAY1 

Industrial Designer 

 

Dr. Máté NAGY PhD2 
Architect, Associate Professor 

University of Sopron  

 

Abstract: 

Currently, a comprehensive review of the operational mechanisms, manufacturing technolo-

gies, and infrastructural systems of 21st-century industry is underway, aimed at reducing envi-

ronmental impact. The automotive industry is required to combine alternative approaches to 

utilizing available technologies with the introduction of new technical solutions. In this process, 

existing industrial and transport infrastructure, as well as supply chains, are becoming more 

efficient and environmentally friendly through the adoption of new artificial intelligence tools. 

By now, this has also become an expectation at the user level, projecting long-term strategies 

that emphasize sustainability and an ecological perspective. This aspiration extends beyond in-

dividual consumer needs. The challenges of future mobility can be addressed by considering 

current systems while harnessing the opportunities presented by emerging technical solutions. 

The aim of this study is to outline the applicability, interrelations, and potentials of present and 

future technological solutions from the perspective of the development of European mobility. 

 

Keywords: European mobility, self-driving technology, artificial intelligence, industry 4.0, au-

tomotive industry 

JEL Codes: Q01, L91, R41, O330, R42  

 

1. Introduction: current challenges of the automotive sector 

 

The restructuring of 21st century industry requires new approaches to reduce the environmental 

burden on the global ecosystem. Although the already developed infrastructure which was 

based on the technological inventions of the 20. century, in most cases doesn’t give space to 

alternative approaches. To handle the ever urging problems of the industrial civilization is only 

possible through the refinement and rethinking of the already existing technical solutions.  It is 

necessary to review the energy sources required for road freight and passenger transport, as 

well as the methods of producing raw materials essential for production and operation. This 

will prioritize the application of solutions in the future that rely more heavily on green energy 

and technical solutions that accurately measure efficiency. In order to reach more sustainable 

solutions in the future, it is a necesssity to review supply chains and prioritize local resources 

above global, and also to utilize recycled materials on a larger scale. The industry of the future 

has to become more effective while the consumption needs to be reduced, in order to reach the 

goals of sustainibility. 

The finite nature of materials available for production and the increasingly obvious appe-

arance of harmful environmental effects require a systemic transformation of industrial soluti-

ons. The technical innovations of our present century although in contradiction is aiming to 

replace the most largely available resource: the human resource. In order to reduce economical 

                                                 
1 jpatzay@gmail.com 
2 nagy.mate@uni-sopron.hu 
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impact, the automotive industry as a prior economical driver is undergoing a major transition. 

With the wide range application of artificial intelligence it could be possible in the near future 

to monitor the products through the whole lifecycle: this includes the monitoring of lifecycle 

and wear of various different components, and also makes possible to indicate the necessary 

maintenance in a predictive way. With this in mind an expected result is to reach a higher effi-

ciency in waste management, and the repairability of each product and component of the auto-

motive industrial field, as so, the production and utilization can reach an overall efficiency ne-

ver expected before (Piepoli et al., 2024). 

 

2. Significance and challenges of self-driving technology 

 

 The continously evolving systems although doesn’t only apply to production technology: with 

the real time monitoring of the user, by the production of high quality databases from the re-

cording of user habits, the systems of the future could analyze even the functionality and the  

characteristics during use of the products on an individual level (Liu et al., 2024). The data 

obtained in this way, as well as the integration of advanced spatial sensing systems, have made 

it possible to apply partially or even fully self-driving technology. These innovations although 

are emerging legal and ethical questions in the European Union (Xu et al., 2023). Self-driving 

technology aims to reach three different goals in the near future: more efficient transportation, 

the massive reduction of road accidents, and the access to transportation for disabled individu-

als. However, it is questionable how this can be reconciled with the current transport infrastruc-

ture and traditional driving: current self-driving vehicles require the continuous operation of 

complex systems, and in addition, accidents caused by incorrect decision-making or violations 

of traffic rules cannot be ruled out (Salvini et al., 2024). For these particular cases the legal 

framing is not yet fully developed: if a self-driving vehicle commits traffic rule violation, the 

responsibility cannot be exactly determined (Hansson et al., 2021). While under the current 

regulations in these cases the responsibility of the driver can be usually accurately assessable, 

in the case of a self-driving vehicle it is impossible to determine: it’s difficult to judge if the 

systems operator or the owner of the vehicle have to be held accountable, and besides that, who 

should be penalized in particular cases.    

 

3. Autonomus driving in road freight transportation 

 

Because of a self-driving system always reacts accurately according to traffic situations, in the 

case of any exact malfunction, neither the owner, nor the operator cannot be held accountable 

in the way as the current traffic regulations determine. The effectivenes of such a technology is 

also questionable, where and how could the technology be applied usefully, and how can it be 

adapted to the current, mostly traditional, human driven vehicle fleet. Some companies are al-

ready running cars equipped with this kind of technology on an experimental level, but from 

the convenience aspect it is not a necessity to implement such a solution (Le & Circella, 2024). 

A partially self-driving function could be an acceptable compromise: not only for personal car 

usage but more likely could be a useful companion for road freight transportation. At this level, 

as for the transport vehicles weighting above 3.5 tonnes more strict rules are applied than to 

passenger cars, a partially or fully self driving function can be more effective, as current regu-

lations allow only 9 hours per day driving time. If applied, self driving can extend the operating 

time of a transportation vehicle. Real time monitoring of the drivers readiness could also be 

useful for warning or even taking control if necessary. The responsibility questions in case of 

eventual accidents although still remains unanswered: as the system could allow operation du-

ring the drivers rest time, if an accident happens during this period, it’s hard to decide the drivers 

responsibility. 
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4. Autonomous passenger vehicles 

 

From the passenger vehicle aspect, further questions arise. While all of the currently road legal, 

traditional human-driven vehicles are capable of crossing speed limits, a self-driving vehicle is 

programmed to keep traffic regulations in all cases. Besides that, partially or fully self driven 

technology is capable to react accurately at its current level of development, where avoiding 

road accident is only possible by violating traffic regulations, including excess of speed limit 

to successfully finish an overtaking maneuver or unauthorized lane crossing, in order to avoid 

traffic collision (Rydzewski & Czarnul, 2021). In this emphasis though, the future of self dri-

ving mobility is still looking for it’s place: although this technology can already exceed the 

speed of human perception, as so, it can be efficient in urban or suburban traffic, there are 

situations where human abilities and reflexes can operate differently: with a self-driving vehicle 

in every cases has to be programmed where to go or how to react, with this in mind in some 

cases it can be slower than a human drivers instant and direct rephlex. It is also questionable 

whether the use of fully autonomous vehicles, partially autonomous vehicles, and traditional, 

human-controlled vehicles will be mutually exclusive in the long term: the pre-ordained zero 

accident to 2050 goal envisioned by the European Union could most likely be achieved with 

banning the traditional vehicle usage. This could urge the complete transformation of the auto-

motive industry, and also would make questionable the further usage of approximately 1,5 bil-

lion existing motor vehicles. Besides that, as the structural bases, and operating characteristics 

of a self-driving vehicle is are more or less the same as a traditional vehicle, an accident caused 

by malfunction or even a tyre puncture. Because of this fact, the ambitious zero accident goal 

is not too realistic, though the strive for reducing road accident can be useful. 

An important and progressive solution could therefore be to introduce self-driving and 

partially self-driving techniques not exclusively, but in certain, separate areas: the utilization 

should be focused on those particular areas where it could be truly effective and expedient. 

Such an area could be the above mentioned road freght transportation, where partially or fully 

self driven technology could reduce the workload of the driver, and could result faster and more 

efficient transportation. Furthermore it could be worth to consider the application in urban traf-

fic also. Current tendencies envisage the car-free status of larger cities: a necessary step not 

only to reduce harmful emissions, but also to relieve the burden on crowded, overloaded road 

networks. In order to reach that goal, European metropolises are looking forward to take effect 

via different approach of regulations. (Currently there is no unified consesus regarding to re-

duce vehicle usage to an approriate level, however, the effort is in every case directed towards 

making inner cities car-free. With this in mind, it could be a subservient solution to develop and 

apply smaller, fully self-driven vehicles, which usage could be exclusively limited to inner city 

traffic, especially in low speed limited areas. Important is the fact though, that the charac-

teristics of fully self-driven vehicles are more likely similar to public transportation than regu-

lar, traditional vehicles, how will the wide spread of application of such vehicles could affect 

the private ownership, which is a specific trait of regular motor vehicles. Individuality, which 

is a decisive factor and a driving factor in the design of a traditional passenger car is less im-

portant for such means of transport. This may raise a number of other related economic issues 

in the future. 

 

5. The advancement via electrification 
 

The challenges related to the continously increasing population and the thirve for reducing 

environmental impact are demanding a different approach than the current one. Since the pla-

net's carrying capacity will not allow a larger population than the current one to have an accep-

table standard of living in the long term, the industrial civilization needs a restructuring in a 

way that it gives place to other, alternative lifestyles (Jungk, 1991).The changes in the area of 

mobility, the introducing of electrification gives answer only partially to the problem, as by the 
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utilization does not necessarily demand crude oil, so the local emission is lowering indeed, the 

materials needed for manufacture are still depending on the mostly emissive industrial solutions 

(steel and aluminium manufacturing). Besides that, the electricity which is crucial for operation 

is still mostly produced in coal-fired powerplants. The current automotive trends are still con-

tinue to operate on a growth-based approach: not only from the aspect of profitability, but ex-

tending to the different traits of the products: performance as well as the gross weight are con-

tinously increasing, as so, in some cases it can be questionable whether some automotive pro-

ducts are really satisfy the demanded lower emission levels and cleaner transportation expected 

from electrification (Koroma, et al. 2025). Concerning the gross weight of the vehicle, fully 

electric (BEV) vehicles are significantly heavier than the regular internal combustion engine 

(ICE) powered ones. This fact comes from the energy energy density of the type of fuel used 

by the vehicle: fossil fuels hold still much higher energy according to volume compared to the 

current electric battery solutions (Figure 1). 

 

 

Figure 1: Tendencies of vehicle drive systems, 2010 

Source: Szabados (2010) 

 

While the adoption of electric vehicles is underway, this fact is still a major disadvantage, 

as so, the question of greenwashing is not yet adequately answered to the customer. Fully elect-

ric vehicles (BEV) could partially solve the demand of crude oil for operation and maintenance, 

considering the electric engine’s higher efficiency and lower demand of hidrocarbon products, 

yet the weight question is still a challenge: comparing two different generations from the same 

segment and similar models, 35 years of evolution came with a massive 700 kgs of weight 

increase. In practice that means that an average family carries 700 kgs of extra weight for each 

trip they take by car (Figure 2). 
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Figure 2: Weight comparison diagram, 2023 

Source: General Motors, Original illustration by the author 

 

6. Development of manufacturing technologies 

 

The industrial use of artificial intelligence, and the throughoutly applied automatization is le-

ading to transform or in some cases cease of professions, digitalization and the emerge of com-

fort features are leading to decrease of human capabilities, thus raising questions about the ef-

fects of new technology on society. The undergoing electrification in automotive industry and 

the phasing out of fossil fuels is leading to rearrangement on the market, but doesn’t necessarily 

gives solution with the former free market approach (Keil & Steinberger, 2023). With the re-

gulation of internal combustion technology, a race is emerging for the extraction of rare earth 

materials, while the production, refinement and transportation is still relying on heavy machi-

nery mostly operated by fossil fuels. Desertification in certain regions and water shortages due 

to climate change also pose challenges for manufacturers, as the production of the necessary 

batteries demand industrial amount of water. The application of artificial intelligence though 

could bring a solution for reaching carbon neutrality: if it operates from adequate, high quality 

databases, in the future it could be possible for it to specify the carbon footprint regarding the 

whole lifecycle of the product. This can be achieved with a more comprehensive, multi-area 

perspective than the current carbon footprint measurements, which are primarily generated du-

ring only production and use: it has to consider the source of the used materials, the energy 

needs of production, the source of that energy, and also the emission generated by transportation 

and processing, as well as the recycling at the end of the lifecycle. While these factors are not 

yet fully measureable exactly at the current level, by the application of artificial intelligence we 

can get a more comprehensive picture of the entire process, so it may become possible to de-

termine appropriate, truly environmentally friendly solutions in the industry of the future. 

More important step though is the conversion of heavy industry and machinery from fos-

sil fuels to alternative solutions, which is yet hard to imagine according to current technological 

knowledge, as the industry is still operating mostly based on internal combustion solutions 

(Mattioli et al., 2020). Further challenge is to maintain the worlds increasing passenger vehicle 

fleet, which by forecasts will reach the number of 2 billion by 2030 (Figure 3), and also accor-

dingly the reuse of waste coming from used car wrecks.  
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Figure 3: Estimated projection of the gross vehicle population worldwide, 2025 and 2030 

Source: Own representation based on data from Statista (2023) 

 

Forward looking solution would be to the standardization of main components of the ve-

hicles, such as structural platforms and various suspension elements, the reuse of various cast 

steel parts, and recycling the waste material generated in a closed system: iron and aluminum 

castings, thicker pressed sheet elements can be used for a long time with sandblasting and 

subsequent appropriate surface treatment. The exchangeability of certain parts of the vehicle is 

not a new approach: the platform strategy introduced by the Volkswagen Group in the 1990s 

ensured the group's success well beyond the early 2000s (Wilhelm, 1997). Various models from 

the same segments built on identical platform is not only cost effective, but also could be ef-

fective from the aspect of enviromental impact. At this point it is worth to inspect the process: 

would it be worth to dismantle scrap vehicles for still useable parts by human labour, and how 

the reuse of such parts would affect the enviromental burden of car manufacturing. The pre-

dictive systems based on artificial intelligence could give a satisfying answer in the near future, 

more enviromentally effecitve solutions could redefine the manufacturing processes.                 

 

7. Opportunities for circular economy in automotive industry 

 

The innovative solutions of the future therefore should consider such system based approaches, 

which handles the problems of civilization not only based on new technical solutions, but rather 

envisages a more even distribution and sustainability of existing technical solutions and reso-

urces - especially human resources. Besides the precise definition of energy demand and the 

generated emission of a product during the whole lifecycle, emphasis should be placed on the 

proper storage and reuse of the waste generated, and its circulation in a closed system. An im-

portant step could also be to reuse the packaging of industrially produced products, especially 

plastics. In this endeavour such systems should be emerged which lay greater emphasys not 

only on recycling and natural enviromental degradation, but on the prevention of waste release 

into the enviroment. A system designed to make PET bottles of lubricants and cleaning products 

used in industry and households refillable and returnable could also be a significant step. Furt-

her considerance should be placed on every possible alternatives, which could reduce contra-

diction of todays societies must be taken into account, regarding especially to the younger ge-

nerations, so it could be possible for them to think again on the long term: a possible solution 

to this could be to rethink the prestige and social value of individual areas of activity. The 

posthuman approach no longer places humans and the environment in a hierarchical, but rather 

juxtaposed relationship (Wakkary, 2021). 

In this context in the products and vehices of the future the right material usage will ap-

pear more emphatically. The role of each different material will change, as previously it conta-

ined mainly functional and decorative function, by today above sensibility, the sensory percep-

tion, it will carry a more important message: the material connects the product with the 
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enviroment in such way that the origin of the object's components becomes visible and percep-

tible through the surface formation. The use of the material has to be correct from the principal 

aspect, as the users become  more conscious on their decisions, recycling is becoming an inc-

reasingly important aspect of purchasing, unlike before. As the main aspect of mass production 

was to use materials and components at lowest price possible, the consumer culture of today 

and the future will change fundamentaly: products made from recycled materials could become 

more popular choices, as so, the change in attitude may pay off from both a social and, in this 

context, a market perspective. This could result a new approach and a new perspective for ma-

nufacturers as well, as todays industry applies recycling on the product’s components at a 

slightly low percentage. An illustrative example for this is the smartphone market: there are 1.4 

billion pieces are sold annually worldwide and only 15 percent of this gets recycled by 2025 

(Figure 4). Recognizing this fact, the company called Fairphone could reach profitability in a 

slightly short period of time, with products optimailzed for recycling and minimizing steel mi-

ning inputs. This example is a proof for the enterprises based on circular economy could become 

more efficient and popular in the future: with localization the availability of jobs could increase, 

the recycling of materials that cover as many elements as possible provides long-term oppor-

tunities in terms of both environmental impact and ethical product manufacturing. Market par-

ticipants must recognize and apply the opportunities offered by the circular economy. 

 

 
Figure 4: Considering plastics: percentage of recycling in the smartphone market, 2025 

                                  Source: Own representation based on data from Fairphone (2025) 

 

8. Conclusions 

 

As for the products of the automotive industry there are final physical limitations of gross we-

ight, performance and handling characteristics, this applies also for the source of materials and 

energy consumption: for the vehicles of the future rationality and adaptibility to nature could 

play a deceisive role, the visual manifestations of this could appear in the automoitve industry: 

„imperfection is future perfection” as Chris Lefteri says, could shape the aesthetics of the future. 

In correlation with the mission of 21st century’s humanity whose task is to restore biodiversity, 

this attitude will reflect in the product culture, as a kind of bio-organic appearance, with the 

application of more strict geometrical structures. This approach doesn’t necessarily leads to 

worse living standards. If there is a possibility to apply more efficient tools in order to measure 

the actual enviromental impact of the performed activity, and thus the conspumtion and the 

personal needs could be balanced with a greater emphasis on ecological aspects, then the society 

of the future can achieve sustainability. In order to reach this goal though, it is an important 

step to have precise information on consumer responsibility: the person of the future must have 

accurate information about the impact of their purchases and activities on the environment, and 

depending on this, they must be able to gradually adapt to changing circumstances through 



36 

 

 

 

conscious decisions. However, the responsibility cannot be entirely shifted to the consumer: 

industry and the service sector must accordingly offer solutions that truly achieve the common 

goal of a sustainable civilization. 
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