




University of Novi Sad, Technical faculty “Mihajlo Pupin”, 

Zrenjanin, Republic of Serbia 

Budapest University of Economics and Business, Faculty of 

Finance and Accountancy, Budapest, Hungary 

Voronezh State University, Department of Economics and 

Organization Management, Russia 

 

 

 

 

 

 

 

15th International Symposium 

ENGINEERING MANAGEMENT AND 

COMPETITIVENESS 2025 (EMC 2025) 
 

SUSTAINABLE STRATEGIES FOR A COMPETITIVE FUTURE 

 

Proceedings 
 

 

 

 

 

 

 

 

 

 

20-21st of June 2025, Zrenjanin, Serbia 



II 

15th International Symposium  

Engineering Management and Competitiveness 2025 (EMC 2025) - Proceedings 

 

Organizer of the Symposium: 

University of Novi Sad, Technical faculty 

“Mihajlo Pupin”, Zrenjanin, Republic of 

Serbia 
 

Partners: 

Budapest University of Economics and Business, 

Faculty of Finance and Accountancy, 

Budapest, Hungary  

Voronezh State University, Department of 

Economics and Organization Management, 

Russia 
 

Publisher: University of Novi Sad, Technical 

faculty “Mihajlo Pupin”, Zrenjanin, Đure 

Đakovića bb, 23000 Zrenjanin, Serbia 
 

For publisher: Milan Nikolić, Ph.D, Professor, 

Dean of Technical faculty 
 

Editor: Edit Terek Stojanović, Ph.D, Professor, 

University of Novi Sad, Technical faculty 

“Mihajlo Pupin”, Zrenjanin, Serbia 
 

Reviewers: 

Ivana Berković, Ph.D, Professor, University of 

Novi Sad, Technical faculty “Mihajlo Pupin”, 

Zrenjanin, Serbia 

Nemanja Berber, Ph.D, Professor, University of 

Novi Sad, Faculty of Economics Subotica, 

Subotica, Serbia 

 

Technical treatment:  
Dragan Ćoćkalo, Ph.D, Professor, University of Novi 

Sad, Technical faculty “Mihajlo Pupin”, Zrenjanin, 

Serbia 

Mihalj Bakator, Ph.D, Assistant Professor, University 

of Novi Sad, Technical faculty “Mihajlo Pupin”, 

Zrenjanin, Serbia 

Verica Gluvakov, M.Sc, Assistant, University of Novi 

Sad, Technical faculty “Mihajlo Pupin”, Zrenjanin, 

Serbia 

Dragana Kovač, M.Sc, Assistant, University of Novi 

Sad, Technical faculty “Mihajlo Pupin”, Zrenjanin, 

Serbia 

Stefan Ugrinov, M.Sc, Assistant, University of Novi 

Sad, Technical faculty “Mihajlo Pupin”, Zrenjanin, 

Serbia 

 

Cover design: 
Ivan Palinkaš, Ph.D, Assistant Professor, University of 

Novi Sad, Technical faculty “Mihajlo Pupin”, 

Zrenjanin, Serbia 

 

Lecturer:  
Katarina Ivanović, Ph.D, Assistant Professor, 

University of Novi Sad, Technical faculty 

“Mihajlo Pupin”, Zrenjanin, Serbia 
 

Printed by: Štamparija "DIGINET" Zrenjanin, 

Ul. Đure Jakšića 14, Tel. 023/582-300 
 

Circulation: 50 
 

ISBN: 978-86-7672-387-4 

 
 

By the resolution from 2nd April 2015, the resolution number: 114-451-402/2015-02, Provincial Secretariat for Science and Technological Development, Autonomous Province of Vojvodina, Republic of Serbia donated 

financial means for printing Symposium Proceedings. 

 

 

©2025 University of Novi Sad, Technical faculty “Mihajlo Pupin”, Zrenjanin, Republic of Serbia. This 

Proceedings is a part of the internal informational materials of EMC 2025. 

CIP - Каталогизација у публикацији 

Библиотеке Матице српске, Нови Сад 

 
62:005(082)(0.034.2) 

 

INTERNATIONAL Symposium Engineering Management and Competitiveness (15 ; 2025 ; 

Zrenjanin) 

    Proceedings [Elektronski izvor] / 15th International Symposium Engineering Management and 

Competitiveness (EMC 2025), Sustainable Strategies for a Competitive Future, 20-21st of June 2025, 
Zrenjanin, Serbia ; [organizer] Technical Faculty "Mihajlo Pupin", Zrenjanin ; [editor Edit Terek 

Stojanović]. - Zrenjanin : Technical Faculty "Mihajlo Pupin", 2025. - 1 elektronski optički disk (CD 

ROM) : tekst, ilustr. ; 12 cm 
 

Nasl. sa naslovnog ekrana. - El. publikacija u formatu pdf opsega 240 str. - Bibliografija uz svaki rad. 
- Registar. 

 

ISBN 978-86-7672-387-4 
 

а) Инжењерски менаџмент – Зборници 

 
COBISS.SR-ID 170570505 

 



III 

Program Committee: 

 
Edit Terek Stojanović, Ph.D, Professor, University of Novi Sad, Technical faculty “Mihajlo Pupin”, 

Zrenjanin, Serbia - President of the Program Committee  

Dragan Ćoćkalo, Ph.D, Professor, University of Novi Sad, Technical faculty “Mihajlo Pupin”, Zrenjanin, 

Serbia – Vice President of the Program Committee 

Ješa Kreiner, Ph.D, Professor, California State University, Department of Engineering, Fullerton, CA, 

USA  

Poór József, Ph.D, Professor, Szent István University, Gödöllő, Hungary  

Ali Reza Afshari, Ph.D, Assistant professor, Islamic Azad University, Iran  

Mohammad Anisseh, Ph.D, Assistant professor, Imam Khomeini International University, Qazvin, Iran  

Ioannis Filippopoulos, Ph.D, Professor, University of Thessaly, Department of Computer Science, Lamia, 

Greece  

Boštjan Antonĉiĉ, Ph.D, Professor, University of Ljubljana, Faculty of Economics, Ljubljana, Slovenia  

Larisa Nikitina, Ph.D, Professor, Voronezh State University, Department of Economics and Organization 

Management, Russia 

Robert Minovski Ph.D, Professor, “Ss. Cyril and Methodi” University in Skopje, Faculty of Mechanical 

Engineering, Skopje, North Macedonia  

Bojan Jovanovski, Ph.D, Associate professor, “Ss. Cyril and Methodi” University in Skopje, Faculty of 

Mechanical Engineering, Skopje, North Macedonia  

Maša Magzan, Ph.D, Assistant Professor, University of Rijeka, Croatia  

Teodora Rutar Shuman, Ph.D, Professor and PACCAR Professor Mechanical Engineering, Seattle 

University, College of Science and Engineering, USA  

Zoran Filipi, Ph.D, Professor, Clemson University, Department of Automotive Engineering, South 

Carolina, USA  

Zdenek Dvořák, Ph.D, Professor, University of Žilina, Faculty of Special Engineering, Slovakia  

Vesna Spasojević Brkić, Ph.D, Professor, University of Belgrade, Mechanical faculty, Serbia  

Cariša Bešić, Ph.D, Professor, University of Kragujevac, Faculty of Technical Sciences, Čačak, Serbia  

Matej Ĉerne, Ph.D, Associate Professor, University of Ljubljana, Faculty of Economics, Ljubljana, 

Slovenia  

Milan Delić, Ph.D, Associate Professor, University of Novi Sad, Faculty of Technical Sciences, Novi Sad, 

Serbia  

László Szabó, Ph.D, Professor, Budapest University of Economics and Business, Faculty of Finance and 

Accountancy, Budapest, Hungary 

Judit Sági, Ph.D, Associate Professor, Budapest University of Economics and Business, Faculty of 

Finance and Accountancy, Budapest, Hungary 

Jasna Auer Antonĉiĉ, Ph.D, Assistant Professor, University of Primorska, Faculty of Management, 

Koper, Slovenia 

Violeta Cvetkoska, Ph.D, Associate professor, “Ss. Cyril and Methodius” University, Faculty of 

Economics, Skopje, North Macedonia 

Bruno Završnik, Ph.D., Professor, University of Maribor, Faculty of Economics and Business, Slovenia 

László Buics, Ph.D., Associate Professor, Széchenyi István University, Krautz Gyula Faculty of 

Economics, Gőr, Hungary 

Miroslava Petrevska, Ph.D, Lecturer, The College of Tourism, Belgrade, Serbia 

Srđan Bogetić, Ph.D., Belgrade Business and Arts Academy of Applied Studies, Belgrade, Serbia 

Miloš Vorkapić, Ph.D., Scientific associate, University of Belgrade, Institute of Chemistry, Technology 

and Metallurgy (ICTM) - Center of Microelectronic Technologies, Belgrade, Serbia  

Milan Nikolić, Ph.D, Professor, University of Novi Sad, Technical faculty “Mihajlo Pupin”, 
Zrenjanin, Serbia  

Sanja Stanisavljev, Ph.D, Professor, University of Novi Sad, Technical faculty “Mihajlo Pupin”, 

Zrenjanin, Serbia 

Mila Kavalić, Ph.D, Assistant Professor, University of Novi Sad, Technical faculty “Mihajlo Pupin”, 

Zrenjanin, Serbia 

Mihalj Bakator, Ph.D, Assistant Professor, University of Novi Sad, Technical faculty “Mihajlo Pupin”, 

Zrenjanin, Serbia 



IV 

Organizing Committee: 

 
Sanja Stanisavljev, Ph.D, Professor, University of Novi Sad, Technical faculty “Mihajlo Pupin”, 

Zrenjanin, Serbia – President of the Organizing Committee 
Milan Nikolić, Ph.D, Professor, University of Novi Sad, Technical faculty “Mihajlo Pupin”, 

Zrenjanin, Serbia – Vice President of the Organizing Committee 

Dragan Ćoćkalo, Ph.D, Professor, University of Novi Sad, Technical faculty “Mihajlo Pupin”, 

Zrenjanin, Serbia 
Edit Terek Stojanović, Ph.D, Professor, University of Novi Sad, Technical faculty “Mihajlo Pupin”, 

Zrenjanin, Serbia  
Mila Kavalić, Ph.D, Assistant Professor, University of Novi Sad, Technical faculty “Mihajlo Pupin”, 

Zrenjanin, Serbia 

Mihalj Bakator, Ph.D, Assistant Professor, University of Novi Sad, Technical faculty “Mihajlo 

Pupin”, Zrenjanin, Serbia 

Dragana Kovač, M.Sc, Assistant, University of Novi Sad, Technical faculty “Mihajlo Pupin”, 

Zrenjanin, Serbia 

Verica Gluvakov, M.Sc, Assistant, University of Novi Sad, Technical faculty “Mihajlo Pupin”, 

Zrenjanin, Serbia 

Stefan Ugrinov, M.Sc, Assistant, University of Novi Sad, Technical faculty “Mihajlo Pupin”, 

Zrenjanin, Serbia 

 



V 

 

INTRODUCTION 
 

Department of Management and Technical faculty “Mihajlo Pupin” from Zrenjanin have started the 

organization of International Symposium Engineering Management and Competitiveness (EMC) in 

2011. Since 2013 the organization of the EMC symposium has been supported by the following foreign 

partners: Szent István University, Faculty of Economics and Social Sciences, Gödöllő, Hungary, 

Voronezh State University, Faculty of Economics, Voronezh, Russia and University of Montenegro, 

Maritime Faculty, Kotor, Montenegro. Since 2025 the partners are: Budapest University of 

Economics and Business, Faculty of Finance and Accountancy, Budapest, Hungary and Voronezh 

State University, Department of Economics and Organization Management, Russia. 

 

The objectives of the Symposium EMC are: presentation of current knowledge and the exchange of 

experiences from the field of Engineering management, consideration of development tendencies and 

trends in Serbia and the world as well, gathering researchers from this field with the aim of expanding 

regional and international cooperation, raising the level of professional and scientific work at 

Technical faculty “Mihajlo Pupin” from Zrenjanin, expanding cooperation with economic and 

educational institutions and encouraging young researchers within this field. Taking into account that 

this Symposium is international, the importance of this event is obvious for the town of Zrenjanin, 

Banat region, Vojvodina and Serbia. Organization of EMC by the Technical faculty “Mihajlo Pupin” 

from Zrenjanin represents this scientific-educational institution as one of the major representatives of 

economic and social development in Banat. 

 

Engineering management has evolved significantly over the past few decades. In today's globalized 

and interconnected economy, organizations are expected to operate not only efficiently but also 

ethically and sustainably. The subtitle of this year’s Symposium "Sustainable Strategies for a 

Competitive Future" reflects this expanded scope of engineering management. It recognizes the need 

to integrate sustainability as a core component of competitiveness - not as a trade-off, but as a driver. 

This resonates deeply with modern management theory, which increasingly emphasizes triple bottom 

line thinking: people, planet, and profit. The subtitle aligns the symposium with the growing 

realization that sustainability is no longer optional - it is a strategic imperative. Leading companies 

are now using sustainability as a framework for innovation, discovering new markets, reducing 

operational risk, and strengthening brand loyalty. 

 

Within this Proceeding all accepted papers received for the 15th International Symposium 

Engineering Management and Competitiveness 2025 (EMC 2025) are presented. This year at the 

symposium we have 36 papers. The authors come from 7 countries: Croatia, Hungary, Iran, North 

Macedonia, Russia, Slovenia, and Serbia. The papers are divided into six sessions: Plenary, 

Management and operation management, Human resource management, Marketing management, 

Economy, and IT Management. 

 

We wish to thank the Technical faculty “Mihajlo Pupin” from Zrenjanin and the dean Prof. Ph.D 

Milan Nikolić for their active role concerning the organization of the Symposium. We are also 

expressing our gratitude to all authors who have contributed with their papers to the organization of 

our fifteenth Symposium EMC. 

 

The EMC Symposiums become a traditional meeting of researchers in June, every year. We are open 

and thankful for all useful suggestions which could contribute that the next International Symposium 

Engineering Management and Competitiveness become better in an organizational and program 

sense. 

 

President of the Programming Committee 

Professor Edit Terek Stojanović, Ph.D. 

Zrenjanin, June 2025. 
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ABSTRACT 

 

Self-assessment can examine an organization from various aspects, identifying its strengths and weaknesses, and 

determining the organization's needs to reach optimal conditions. Therefore, organizational excellence models 

(EFQM) have been highly successful as a powerful tool in addressing the needs of organizations. The research 

method is descriptive and data were collected through a standardized questionnaire. For data analysis and 

hypothesis testing, inferential statistics and the t-test were used. The validity of the questionnaire was confirmed 

using the opinions of experts and managers, and its reliability was measured using Cronbach's alpha coefficient. 

For this purpose, 50 employees of Saderat Bank were randomly selected and responded to questionnaires related 

to the 9 criteria of the organizational excellence model. The results of the study show that Saderat Bank scored 

411 out of a possible 1000 points, which is above the minimum required score (300 points) for an excellent 

organization. Additionally, the findings indicate that the hypothesis related to the strategy criterion was rejected, 

while the other hypotheses were confirmed. This research concludes with suggestions to enhance the excellence 

level of Saderat Bank branches. 

 

Key words: Organizational Excellence Model, Performance Evaluation, Continuous Improvement, Quality 

Management, Competitive Advantage 

 

 

INTRODUCTION 

 

In today's competitive business world, organizations face numerous challenges in their pursuit of 

survival and progress. Rapid technological changes, globalization of markets, increasing customer 

expectations, and the complexities of the business environment all highlight the growing necessity of 

using efficient management models (Gómez et al., 2017). Among these, organizational excellence 

models, as comprehensive and systematic frameworks, play a crucial role in guiding organizations 

towards continuous improvement and achieving superior performance (Dahlgaard et al., 2013). 

Organizational excellence models are tools that help organizations evaluate their current status in 

comparison with industry best practices and chart a path for improvement (Escrig & de Menezes, 

2016). By providing an integrated framework, these models enable organizations to systematically 

review all aspects of their performance and, through identifying strengths and areas for improvement, 

develop and implement appropriate corrective action plans (Calvo-Mora et al., 2018). The European 

Foundation for Quality Management (EFQM) Model, the Malcolm Baldrige National Quality Award 

(MBNQA), and the Deming Model offer principles and criteria for assessing organizational 

performance across various dimensions (Jaeger & Matyas, 2016). These criteria typically include 

leadership, strategy, people, partnerships and resources, processes, customer results, employee results, 

societal results, and key performance results. The implementation of organizational excellence models 

brings numerous benefits to organizations. Increased customer satisfaction, improved financial 

performance, enhanced productivity, higher employee motivation and satisfaction, improved business 

processes, strengthened creativity and innovation, and increased organizational agility are among the 

significant achievements of establishing these models (Boulter et al., 2013; Suárez et al., 2017). 

 

However, despite the numerous advantages of organizational excellence models, their successful 

implementation requires senior management commitment, active participation of all employees, 
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adequate resource allocation, the establishment of a continuous improvement culture, and patience and 

perseverance (Gómez-López et al., 2019). Organizations that successfully implement these models 

usually take a long-term perspective on the matter, considering it not as a temporary project but as a 

continuous journey towards excellence (Raharjo & Eriksson, 2017). In 1988, the EFQM 

organizational excellence model was developed in response to the need to enhance the 

competitiveness of European organizations. It was agreed upon and signed by fourteen major 

European companies—including Bosch, Renault, Fiat, BT, Bull, Electrolux, KLM, Nestlé, Olivetti, 

Philips, Sulzer, Volkswagen, Razalt, and Ciba—within the European Commission. This bold initiative 

has since evolved into a powerful management network, currently boasting more than 800 members 

from 38 countries worldwide, spanning both the private and public sectors. Operating within a 

European community framework, this movement in quality improvement follows in the footsteps of 

the Malcolm Baldrige model from the United States and the Deming model from Japan (Jelodari 

Mamagani, 2006). 

 

Recent studies indicate that traditional performance evaluation methods are inadequate. It can be 

argued that the goal of traditional assessment is to judge and recall past performance, whereas the 

modern approach focuses on growth, development, and forward-looking improvement. Considering 

that the managers and officials of Bank Saderat seek insights into the performance of their branches 

and aim to achieve organizational excellence, this study endeavors to evaluate the performance of 

Bank Saderat branches based on the organizational excellence model. 

 

 

RESEARCH METHODOLOGY 

 

This study employs a survey methodology, utilizing questionnaires for data collection. The analysis of 

data and hypothesis testing is conducted using inferential statistics and the t-test. 

Inferential statistical tests are categorized into two groups: 

Parametric tests: These analyze data measured on interval and ratio scales, with mean and variance 

as their primary statistical indicators. 

Non-parametric tests: These analyze data measured on nominal and ordinal scales, using median and 

mode as their statistical indicators. 

The t-test, a parametric test, is applied in the following cases: 

− Comparing a hypothetical number with the mean of a sample population 

− Comparing the means of two populations 

− Comparing a hypothetical ratio with a sample-derived ratio 

− Comparing two ratios from two populations 

 

In this research, we apply the t-test to compare a hypothetical minimum score required for 

organizational excellence across nine criteria with the mean score of the given population. The 

minimum score is 30% of the total possible score for each criterion. 

 

The analysis is conducted using SPSS software, followed by frequency distribution tables and charts 

to facilitate data interpretation. Finally, conclusions are drawn based on the findings, leading to 

recommendations aimed at improving the organizational excellence of Bank Saderat branches. 

 

 

VALIDATION METHODOLOGY 

 

Validity Assessment 

 

The present questionnaire possesses validity, reliability, and is standardized, making it applicable 

across various organizational settings, including industrial, manufacturing, educational, and service 

sectors.  To further ensure face and content validity, the questionnaire was reviewed by six experts, 

managers, and university professors, who provided their feedback. After analyzing their insights, 

necessary revisions were made, leading to the final version of the questionnaire.  Upon receiving 
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managerial approval, it can be concluded that the questionnaire is valid and suitable for evaluating 

organizational excellence within different contexts. 

 

Reliability Assessment 

 

To measure the reliability of the questionnaire, Cronbach’s Alpha coefficient, one of the most well-

known methods for assessing internal consistency in measurement tools, was applied.  Prior to the 

main evaluation, 20 employees were randomly selected from a total of 50 employees within the 

studied population to conduct a pilot reliability test. This allowed us to determine the internal 

consistency and overall reliability of the questionnaire before proceeding with the full assessment as 

following: 

 

Table 1: Reliability and Case Processing Summary for Enablers, Results, and Overall 

Categories

 
Table 1. presents the reliability statistics and case processing summary for different organizational 

assessment categories. Cronbach's Alpha values indicate the internal consistency of the items in each 

category, ensuring the validity and reliability of the measurements. 

 

Statistical Results 

 

Table 2. presents a structured evaluation framework for assessing organizational performance across 

various dimensions, including leadership, strategy, human resource management, collaboration, 

processes, customer satisfaction, employee satisfaction, community impact, and business results. Each 

criterion is associated with a specific number of questions, a total score, and a minimum score required 

for achieving organizational excellence.  

 

Table 3. represents the results of T-tests for various categories, showing the test values, significance 

levels, and confidence intervals. The last two columns indicate the acceptance or rejection of two 

hypotheses per category. 

 

Table 4. presents statistical values for Organizational Excellence, including the sample size (N), mean, 

standard deviation, and standard error of the mean. 

Enablers Results 

 

Overall 
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Table 2: A detailed scoring framework for evaluating excellence across key dimensions, including 

Enablers and results 
Dimension Criterion Questions Number of 

Questions 

Total Score 

per Criterion 

Minimum Score Required 

for Organizational 

Excellence 

Enablers Leadership 1-5 5 100 20 

Strategy 6-10 5 100 20 

Human Resource 

Management 

11-15 5 100 20 

Collaboration and 

Resources 

16-20 5 100 20 

Processes and 

Procedures 

21-27 7 140 42 

Results Customer 

Satisfaction 

28-35 8 160 48 

Employee 

Satisfaction 

36-40 5 80 24 

Community 

Results 

41-44 4 80 24 

Business Results 45-50 6 120 36 

 

Table 3: A T-test evaluation of key dimensions, including strategy, leadership, financial resources, 

and customer satisfaction, with significance levels and confidence intervals 

Criteria Test 

Value 

T 

Test 

Sig. (2-

tailed) 

Lower 

Bound 

Upper 

Bound 

First 

Hypothesis 

Second 

Hypothesis 

Strategy 30 -3.05 .004 -5.00 -1.05 0 1 

Employee Satisfaction 30 9.00 .000 19.00 30.00 1 0 

Customer Satisfaction 48 5.00 .000 7.00 16.00 1 0 

Processes and 

Procedures 

42 6.00 .000 7.00 13.00 1 0 

Leadership 30 7.00 .000 8.00 14.00 1 0 

Human Resource 

Management 

30 12.00 .000 22.00 31.00 1 0 

Community Results 24 2.06 .045 .05 4.00 1 0 

Business Results 36 4.00 .000 7.00 18.00 1 0 

Collaboration and 

Resources 

30 6.00 .000 5.00 11.00 1 0 

 

Table 4: A summary of sample size, mean score, standard deviation, and standard error, offering key 

insights into data distribution and reliability 
One-Sample Statistics N Mean Std. Deviation Std. Error Mean 

Organizational Excellence 50 411.0000 42.00000 6.04461 

 

This analysis confirms that the organizational excellence mean score (411) is significantly higher than 

the test value of 300. 

 

Based on the Table  5, it can be concluded that the hypothesis related to the strategy criterion is 

rejected, while the remaining hypotheses are accepted. The total score obtained by the organization is 

411, which leads to the conclusion that this organization is excellent. 

 

 

CONCLUSION 

 

The results obtained from statistical analyses based on the EFQM Organizational Excellence Model 

indicate that the selected branches of Bank Saderat have performed satisfactorily in most of the 
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model’s nine criteria. The t-test, used to examine the difference between the obtained mean score and 

the hypothetical value (30% of the total score), showed that in all criteria except "Strategy," the mean 

score was significantly higher than the minimum expected threshold. This suggests that the 

organization is progressing toward excellence and has achieved a reasonable level of maturity in 

various areas, including leadership, processes, human resources, and performance outcomes. 

 

Table 5: One-Sample t-Test Results for Organizational Excellence 

 Test Value = 300 

 95% Confidence Interval of 

the Difference 

Variable t df Sig. (2-tailed) Mean Difference Lower Upper 

Organizational 

Excellence 

18.000 49 .000 111.00000 99.0000 123.0000 

 

The overall score of 411 obtained by the bank indicates that it falls within the category of excellent 

organizations. However, the relative weakness in the "Strategy" criterion suggests that revisions and 

improvements are needed in the process of strategy formulation and implementation to achieve greater 

alignment between long-term goals and operational actions. 

 

Overall, it can be concluded that Bank Saderat is on the right path in terms of organizational 

excellence. However, for continuous improvement and reaching higher levels of excellence, focusing 

on underdeveloped criteria and strengthening areas such as strategic planning is essential. 

 

 

RECOMMENDATIONS 

 

Since the "Strategy" criterion did not meet the required threshold for excellence, the following 

recommendations are proposed:   

− Redesigning Strategy Formulation and Implementation: The bank should refine its strategic 

planning by incorporating feedback from employees, analyzing the competitive environment, 

and assessing customer needs. Utilizing tools such as SWOT analysis and strategic planning 

based on measurable objectives can be highly effective.   

− Active Employee Participation in Strategy Development: Encouraging employees to actively 

engage in the design and execution of strategies can lead to greater alignment between 

individual and organizational goals, ultimately enhancing organizational excellence.   

− Developing Managerial and Strategic Training for Middle and Senior Managers: Empowering 

managers in strategic planning and change management is a key factor in ensuring the 

successful implementation of long-term strategies.   

− Establishing a Continuous Performance Monitoring System: Designing periodic performance 

measurement systems, including Key Performance Indicators (KPIs), will aid in precise 

decision-making and course correction when necessary.   

− Strengthening Customer and Stakeholder Engagement in Strategy Development: Gathering 

direct customer feedback and analyzing market behavior will support the formulation of more 

realistic and customer-oriented strategies.   

 

 
REFERENCES  

 

Boulter, L., Bendell, T., & Dahlgaard, J. (2013). Total quality beyond North America: A comparative analysis of 

the performance of European Excellence Award winners. International Journal of Operations & 

Production Management, 33(2), 197-215. 

Calvo-Mora, A., Domínguez-CC, M., & Criado, F. (2018). Assessment and improvement of organisational 

social impact through the EFQM Excellence Model. Total Quality Management & Business Excellence, 

29(11-12), 1259-1278. 



M. Anisseh / Assessing the conformity of Saderat bank’s performance with the EFQM... 

8 

Dahlgaard, J. J., Chen, C. K., Jang, J. Y., Banegas, L. A., & Dahlgaard-Park, S. M. (2013). Business excellence 

models: Limitations, reflections and further development. Total Quality Management & Business 

Excellence, 24(5-6), 519-538. 

Escrig, A. B., & de Menezes, L. M. (2016). What is the effect of size on the use of the EFQM excellence model? 

International Journal of Operations & Production Management, 36(12), 1800-1820. 

Gómez, J., Martínez Costa, M., & Martínez Lorente, Á. R. (2017). EFQM Excellence Model and TQM: an 

empirical comparison. Total Quality Management & Business Excellence, 28(1-2), 88-103. 

Gómez-López, R., Serrano-Bedia, A. M., & López-Fernández, M. C. (2015). Motivations for implementing 

TQM through the EFQM model in Spain: an empirical investigation. Total Quality Management & 

Business Excellence, 30(1-2), 84-101. 

Jaeger, A., & Matyas, K. (2016). Transformation of the EFQM approach from business towards operations 

excellence. Production Engineering, 10(3), 277-291. 

Jelodari Mamagani, Bahram (2008), Organizational Excellence EFQM, Industrial Training and Research Center 

Publications, Third Edition. 

Raharjo, H., & Eriksson, H. (2017). Exploring differences between private and public organizations in business 

excellence models. International Journal of Operations & Production Management, 37(12), 1795-1816. 

Suárez, E., Calvo-Mora, A., Roldán, J. L., & Periáñez-Cristóbal, R. (2017). Quantitative research on the EFQM 

excellence model: A systematic literature review (1991–2015). European Research on Management and 

Business Economics, 23(3), 147-156. 

 



 

9 

15th International Symposium Engineering Management and Competitiveness 2025 (EMC 2025) 

June, 20-21, 2025, Zrenjanin, Serbia 

 

 

EDUCATION, ENVIRONEMNT, AND INTENTIONS: DIGITAL 

ENTPRENEURSHIP IN SOCIETY 5.0 
 

Dragan Ćoćkalo 

University of Novi Sad, Technical Faculty “Mihajlo Pupin”, Zrenjanin, Republic of Serbia 

Mihalj Bakator 

University of Novi Sad, Technical Faculty “Mihajlo Pupin”, Zrenjanin, Republic of Serbia 

E-mail: mihalj.bakator@uns.ac.rs 

Sanja Stanisavljev 

University of Novi Sad, Technical Faculty “Mihajlo Pupin”, Zrenjanin, Republic of Serbia 

Milan Nikolić 

University of Novi Sad, Technical Faculty “Mihajlo Pupin”, Zrenjanin, Republic of Serbia 

Edit Terek Stojanović 

University of Novi Sad, Technical Faculty “Mihajlo Pupin”, Zrenjanin, Republic of Serbia 

Mila Kavalić 

University of Novi Sad, Technical Faculty “Mihajlo Pupin”, Zrenjanin, Republic of Serbia 

Dragana Kovač 

University of Novi Sad, Technical Faculty “Mihajlo Pupin”, Zrenjanin, Republic of Serbia 

 

 

ABSTRACT  

 

The study analyzes the relationships between entrepreneurial intentions, entrepreneurial education, and the 

entrepreneurial environment in the development of digital entrepreneurship within the framework of Society 5.0. 

Society 5.0 represents an evolution towards a human-centered, technology-driven society where digital solutions 

address economic and social challenges. The research focuses on how individual motivation, access to education, 

and supportive environments contribute to the growth of digital ventures. Data was collected from 137 

participants using a structured survey with a seven-point Likert scale, measuring perceptions of entrepreneurial 

intentions, education, the business environment, and engagement in digital entrepreneurship. Descriptive 

statistics, correlation analysis, and regression analysis were employed to assess the relationships among 

variables. The results indicate that entrepreneurial intentions, education, and the business environment are 

significant contributors to digital entrepreneurship, with entrepreneurial education showing the strongest impact. 

The findings highlight the importance of supportive policies, digital infrastructure, and education programs that 

equip individuals with the skills and confidence needed for digital business development. This research provides 

insights into how digital entrepreneurship can be strengthened to meet the economic and social goals of Society 

5.0, suggesting pathways for policymakers, educators, and business leaders to support technology-based business 

creation. 

 

Keywords: Digital entrepreneurship, Society 5.0, Entrepreneurial education, Entrepreneurship intentions, 

Entrepreneurial environment. 

 

 

INTRODUCTION 

 

Digital entrepreneurship has emerged as a significant component of economic development and 

technological advancement. Unlike traditional forms of entrepreneurship, which rely on physical 

infrastructure and localized markets, digital entrepreneurship harnesses advanced technologies to 

create new business models and innovative solutions that operate in a global and interconnected 

environment (Berman et al., 2024; Sitaridis & Kitsios, 2024). Society 5.0 envisions a society where 

the integration of digital technologies, such as the Internet of Things (IoT), Artificial Intelligence (AI), 

big data, and robotics, enhances both economic performance and social well-being (Akman & 

Erdirençelebi, 2024; Bakator et al., 2024). This concept promotes the idea of technology serving 

people, optimizing resources, and solving complex societal challenges through smart solutions. Digital 

entrepreneurship, in this context, not only supports economic growth but also contributes to more 
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inclusive, adaptable, and resilient business ecosystems (Abduh et al., 2024; Lechevalier, 2024). The 

development of digital entrepreneurship in Society 5.0 is shaped by three main factors: entrepreneurial 

intentions, entrepreneurial education, and the entrepreneurial environment. Entrepreneurial intentions 

represent the motivation and willingness of individuals to initiate digital business ventures. This 

willingness is often influenced by perceived opportunities, self-efficacy, and the overall attractiveness 

of digital markets (Batz Liñeiro et al., 2024). Individuals with strong entrepreneurial intentions are 

more likely to recognize digital business opportunities and take the necessary steps to pursue them. 

Entrepreneurial education, on the other hand, provides the foundational knowledge and skills needed 

to navigate digital platforms, understand market dynamics, and manage technological tools. 

Educational programs focused on digital technologies, business planning, and innovation strategies 

help equip future entrepreneurs with the competencies required to succeed in a digital economy. The 

entrepreneurial environment includes the external conditions that impact digital business development, 

such as economic stability, regulatory frameworks, technological infrastructure, and societal support 

for innovation (Overwien et al., 2024). A supportive entrepreneurial environment provides access to 

capital, mentorship, technological infrastructure, and regulatory clarity, all of which are crucial for the 

establishment and growth of digital startups. 

 

This study investigates the relationships between entrepreneurial intentions, education, and the 

business environment in the context of Society 5.0. Through empirical analysis, the research explores 

how these factors influence digital entrepreneurship and contribute to sustainable economic growth. 

Additionally, this research contributes to the understanding of how digital entrepreneurship can be 

leveraged to meet the economic and social goals envisioned in Society 5.0, creating a more connected, 

efficient, and resilient society. 

 

 

THEORETICAL BACKGROUND 

 

Digital entrepreneurship has gained significant attention as technological advancements reshape 

business landscapes. In the context of Society 5.0, digital entrepreneurship emerges as a crucial driver 

of economic development and social progress, blending technological innovations with human-

centered solutions (Bansal et al., 2024). Society 5.0 envisions a highly integrated environment where 

technologies such as the Internet of Things (IoT), Artificial Intelligence (AI), and big data transform 

everyday life and business operations (Ziatdinov et al., 2024). This concept promotes the use of digital 

technologies to solve societal challenges, improve living standards, and create sustainable economic 

growth. Digital entrepreneurship can help build innovative business models that are capable of 

addressing modern economic and social needs. The evolution of digital business models enables 

entrepreneurs to operate within highly connected digital ecosystems. Digital entrepreneurship is 

influenced by several factors that shape an individual's decision to engage in entrepreneurial activities 

(Bansal et al., 2024). One of the key factors is entrepreneurial intentions, which represent the personal 

motivation and willingness to create digital business ventures. According to established theories of 

planned behavior, entrepreneurial intentions are critical predictors of business creation. In the context 

of digital entrepreneurship, these intentions are driven by perceived opportunities in the digital 

economy, technological readiness, and confidence in the ability to manage digital tools and platforms 

(Krivokuća et al., 2024; Taneja et al., 2024). Individuals with strong entrepreneurial intentions are 

more likely to explore digital opportunities, develop innovative solutions, and navigate the 

complexities of digital markets (Bansal et al., 2024). 

 

Another important factor is the entrepreneurial environment, which encompasses the external 

conditions that support or inhibit digital business development. These conditions include economic 

stability, regulatory policies, technological infrastructure, and societal support for innovation. A well-

structured entrepreneurial environment provides access to resources such as funding, technology, 

mentorship, and market information, which are necessary for launching and scaling digital ventures 

(Chahal et al., 2024). In the framework of Society 5.0, the entrepreneurial environment is further 

expanded to include digital infrastructure, such as high-speed internet, secure digital payment systems, 

and cloud-based platforms that allow for seamless business operations. When these components are 
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present, digital entrepreneurs are better positioned to overcome barriers, reduce operational costs, and 

access broader markets, thus increasing the chances of business success. Entrepreneurial education 

also plays a significant role in shaping digital entrepreneurship. It provides individuals with the skills 

and knowledge needed to understand market dynamics, develop business strategies, and apply digital 

technologies effectively (Otache et al., 2024). Entrepreneurial education includes training in digital 

marketing, platform-based business models, cybersecurity, and innovation management. These 

competencies are important for identifying business opportunities, understanding customer needs, and 

responding to market changes in the digital economy (Anubhav et al., 2024). In Society 5.0, where 

technology is deeply integrated into business and everyday life, entrepreneurial education enables 

future entrepreneurs to thrive in digital ecosystems. 

 

The interaction between entrepreneurial intentions, the entrepreneurial environment, and 

entrepreneurial education creates the foundation for digital entrepreneurship within Society 5.0. These 

elements not only influence the willingness to engage in digital business ventures but also determine 

the ability to navigate digital markets and leverage technological advancements. 

 

 

METHODOLOGY 

 

The study was conducted to examine the relationships between entrepreneurial intentions, the 

entrepreneurial environment, and entrepreneurial education on digital entrepreneurship in the context 

of Society 5.0. A structured survey was designed to collect data from participants, targeting 

individuals with varying levels of entrepreneurial experience and familiarity with digital technologies. 

The survey included questions measured on a seven-point Likert scale, ranging from "strongly 

disagree" to "strongly agree," to assess respondents' perceptions of entrepreneurial intentions, the 

quality of the entrepreneurial environment, access to entrepreneurial education, and engagement in 

digital entrepreneurship. 

 

A total of 137 respondents (enterprise managers) participated in the survey. The sample consisted of 

individuals from different educational and professional backgrounds, providing a diverse perspective 

on digital entrepreneurship. Data collection was conducted both online and through direct outreach to 

ensure a representative sample. Descriptive statistics were applied to summarize the data, while 

correlation and regression analyses were performed to evaluate the relationships among the variables. 

The reliability of the constructs was assessed using Cronbach's alpha, with all constructs 

demonstrating acceptable reliability. The findings from the analysis provide insights into how 

entrepreneurial intentions, education, and the environment contribute to digital entrepreneurship in a 

technology-driven society. Based on the analyzed literature and the research goals, the following 

hypotheses are noted: 

H1: Entrepreneurial intentions (EIN) positively affects Digital entrepreneurship (DENT). 

H2: Entrepreneurial environment (EEN) positively affects Digital entrepreneurship (DENT). 

H3: Entrepreneurial education (EDU) positively affects Digital entrepreneurship (DENT).  

 

 

RESULTS 

 

The results of the descriptive statistics are presented in Table 1. 

 

Table 1: Results of the descriptive statistics(Source: Authors) 

Variable Mean Standard deviation Cronbach’s alpha 

Entrepreneurial intentions (EIN) 5.12 1.38 0.915 

Entrepreneurial environment (EEN) 4.98 1.42 0.899 

Entrepreneurial education (EDU) 5.32 1.28 0.922 

Digital entrepreneurship (DENT) 4.86 1.32 0.930 
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The descriptive statistics provide an overview of the central tendencies and variability of the measured 

variables. As shown in Table 1., the mean values for the variables are relatively high, indicating a 

generally positive perception among respondents. Entrepreneurial education (EDU) recorded the 

highest mean score of 5.32, followed by entrepreneurial intentions (EIN) at 5.12, the entrepreneurial 

environment (EEN) at 4.98, and digital entrepreneurship (DENT) at 4.86. The standard deviations 

suggest a moderate spread of responses, while Cronbach's alpha values demonstrate strong internal 

consistency for all constructs, indicating the reliability of the measurement scales. The results of the 

correlation analysis are presented in Table 2. 

 

Table 2: Results of the correlation analysis (Source: Authors) 

 EIN EEN EDU DENT 

Entrepreneurial intentions (EIN) 1.000    

Entrepreneurial environment (EEN) 0.574 1.000   

Entrepreneurial education (EDU) 0.458 0.435 1.000  

Digital entrepreneurship (DENT) 0.566 0.622 0.584 1.000 

 

The correlation analysis results, presented in Table 2., show significant positive relationships between 

the independent variables and digital entrepreneurship. Entrepreneurial intentions (EIN) show a 

correlation coefficient of 0.566 with digital entrepreneurship (DENT), suggesting a strong and positive 

association. Similarly, the entrepreneurial environment (EEN) and entrepreneurial education (EDU) 

display correlation coefficients of 0.622 and 0.584 with digital entrepreneurship, respectively. These 

findings suggest that individuals who perceive strong support from their environment, possess 

entrepreneurial knowledge, and have the intention to start digital ventures are more likely to engage in 

digital entrepreneurship. The results of the linear regression are presented in Table 3. 

 

Table 3: Results of linear regression analysis (Source: Authors) 
Dep. 

variable 

Y 

Indep. 

variable

s X 

β 
intercept

: 1.964 

p-value R2 F F Sig. MSE RMSE DW 

DENT EIN 0.322 <0.0001 0.587 154.841 <0.0001 0.198 0.422 2.054 

EEN 0.241 <0.0001 

EDU 0.384 <0.0001 

 

The regression analysis, presented in Table 3., further examines the impact of each independent 

variable on digital entrepreneurship. The results indicate that all three factors significantly contribute 

to digital entrepreneurship, with entrepreneurial education (EDU) showing the highest standardized 

coefficient (β = 0.384, p < 0.0001), followed by entrepreneurial intentions (EIN) (β = 0.322, p < 

0.0001) and the entrepreneurial environment (EEN) (β = 0.241, p < 0.0001). The overall model 

explains 58.7% of the variance in digital entrepreneurship, as indicated by the R-squared value (R² = 

0.587), which points to a strong predictive capacity of the model. 

 

Table 4: Results of logistic regression analysis (Suorce: Authors) 

Dependent 

variable Y 

Independe

nt variables 

X 

R2 

(McFadden) 

R2 (Cox and 

Snell) 

R2 

(Nagelkerke) 
AIC SBC 

DENT EIN 

0.186 
0.742 0.744 1022.210 1320.322 

EEN 

EDU 

 

The logistic regression analysis presented in Table 4., supports these findings by demonstrating the 

significance of entrepreneurial intentions, the entrepreneurial environment, and education in predicting 

digital entrepreneurship outcomes. The R-squared values for the logistic regression (McFadden = 

0.186, Cox and Snell = 0.742, and Nagelkerke = 0.744) suggest that these factors collectively provide 

a substantial explanatory power for digital entrepreneurship engagement. 
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The results confirm the positive influence of entrepreneurial intentions, the entrepreneurial 

environment, and entrepreneurial education on digital entrepreneurship, aligning with the theoretical 

expectations and the context of Society 5.0. Therefore, the proposed hypotheses are failed to be 

rejected. 

 

Next, based on the analyzed literature a theoretical model for improving digital entrepreneurship in the 

context of Society 5.0 is developed. The model is presented on Figure 1. 

 

 
Figure 1: Model for improving digital entrepreneurship 

 

The presented model describes the relationship between entrepreneurial intentions, entrepreneurial 

education, and the entrepreneurial environment in supporting digital entrepreneurship within the 

concept of Society 5.0. Entrepreneurial intentions represent the motivation and willingness of 

individuals to start digital ventures. This motivation is influenced by perceived opportunities and 

personal confidence in managing digital technologies. Entrepreneurial education provides individuals 

with the skills and knowledge necessary to understand the complexities of digital business models and 

market dynamics. The entrepreneurial environment includes external factors such as economic 

stability, regulatory clarity, technological infrastructure, and societal support, which contribute to the 

establishment and growth of digital ventures. The model emphasizes how these three factors work 

together to strengthen digital entrepreneurship in a technology-driven society. Individuals who have 

strong intentions, proper education, and operate in a supportive environment are more likely to 

identify digital business opportunities and successfully create innovative ventures. Additionally, 

technologies like the Internet of Things and Artificial Intelligence are seen as essential components for 

expanding market reach and optimizing business operations in this digital ecosystem. 

 

The model also aligns with the principles of Society 5.0, which focuses on using digital technologies 

to address societal challenges while promoting sustainable economic growth. This alignment suggests 



D. Ćoćkalo et al. / Education, environment, and intentions: Digital entrepreneurship... 

14 

that enhancing entrepreneurial intentions, improving education, and ensuring a supportive 

environment can effectively contribute to the digital transformation of entrepreneurial activities. These 

elements are necessary for economic development and social progress in a technology-focused 

society. The findings from the model highlight the importance of building individual readiness, 

providing educational support, and creating an enabling environment to drive digital entrepreneurship 

forward. 

 

 

SUGGESTION AND GUIDELINES 

 

Based on the obtained results and the analyzed literature, the following suggestions and guidelines for 

improving digital entrepreneurship in the context of Society 5.0 are noted: 

− Strengthen entrepreneurial intentions through digital education and practical experience. 

− Provide mentorship programs and networking opportunities for aspiring entrepreneurs. 

− Promote digital literacy, business planning, and technology-based problem-solving skills. 

− Encourage enterprises to adopt innovative business models with IoT and AI integration. 

− Invest in employee training for digital skills and support intrapreneurship initiatives. 

− Establish partnerships between enterprises, startups, and technology incubators for knowledge 

sharing. 

− Simplify regulatory frameworks to support the formation and growth of digital ventures. 

− Invest in digital infrastructure such as high-speed internet and secure payment systems. 

− Introduce government incentives for technology-based startups and research projects. 

− Collaboration between government, academia, and industry to bridge innovation and market 

application. 

− Create an environment that reduces barriers and provides access to resources for digital 

entrepreneurs. 

 

 

CONCLUSION 

 

The development of digital entrepreneurship in the context of Society 5.0 depends on the alignment of 

entrepreneurial intentions, education, and the business environment. Individuals equipped with digital 

skills and a strong understanding of market dynamics are more likely to recognize business 

opportunities and succeed in digital ventures. Enterprises that embrace technological advancements 

and invest in employee capabilities contribute to a more innovative business landscape. Government 

support through clear regulations, infrastructure investments, and incentives can further stimulate 

digital business growth. These combined efforts can lead to sustainable economic development, driven 

by technology-driven solutions that address societal needs and support economic progress in an 

interconnected digital environment. 
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ABSTRACT  

 

Mid-size hotels in Central Europe are increasingly adopting AI chatbots to enhance customer service. They must, 

however, balance innovation with strict GDPR requirements.This study compares a cloud-based large language 

model (OpenAI’s GPT-4 API) against an on-premises deployment of an open-source LLM (Llama 3–13B) for 

hotel customer-service chatbots. We evaluate both solutions in the context of Cogniforce Labs deploying 

chatbots for regional hotels, focusing on GDPR compliance, operational cost, response latency, and customer 

satisfaction. Using three common use cases (booking modification, late check-in, and local recommendations), 

we simulate chatbot interactions and measure performance. The results show that the on-premises LLM offers 

superior data privacy (all guest data remains in-house, aiding GDPR compliance) and lower latency (up to ~35% 

faster responses), along with a more predictable cost structure. The cloud GPT-4 solution, however, delivers 

slightly higher answer quality, yielding greater customer satisfaction scores, at the expense of transmitting 

personal data to a third-party and incurring usage-based fees. Our findings suggest a trade-off between 

compliance/cost and service quality. Hotels prioritizing privacy may favor on-premise LLMs, while those 

emphasizing customer experience might opt for cloud AI with proper safeguards. We discuss hybrid strategies 

and provide recommendations for hospitality businesses navigating this choice. 

 

Keywords: GDPR, Large Language Models, Chatbots, On-Premises AI, Cloud AI, Hospitality. 

 

 

INTRODUCTION 

 

The hotel industry increasingly leverages AI-powered chatbots to provide instant, round-the-clock 

customer service. Hotels use chatbots to handle frequent inquiries—such as booking changes or local 

amenity information—thereby improving responsiveness and freeing staff for complex tasks. 

Successful deployments have reported significantly faster query resolution and higher guest 

satisfaction (Capella Solutions, 2024). However, deploying such chatbot systems in Europe raises 

important concerns around privacy and data protection. The EU’s General Data Protection 

Regulation (GDPR) imposes strict obligations on handling customers’ personal data, including hotel 

guest information. Any AI solution must ensure compliance with GDPR requirements for data 

residency, consent, and security (Padilla Ojeda, 2024). This poses a challenge when using cloud-based 

AI services: sending guest data (e.g. names, dates, preferences) to external providers could violate data 

transfer rules or expose sensitive information. 

 

One potential solution is to adopt on-premises large language models (LLMs) that run within the 

hotel’s or vendor’s own infrastructure, keeping data locally. Recent advances in open-source LLMs 

(e.g. Meta’s Llama family) have made it feasible to self-host powerful language models without 

relying on big cloud providers. This study examines the trade-offs between a cloud LLM (OpenAI 

GPT-4 via API) and an on-prem LLM (a hypothetical Llama 3 with 13B parameters) for customer 

service chatbots in mid-size hotels. We focus on Cogniforce Labs’ initiative to roll out AI chatbots 

across hotels in Central Europe, comparing the two approaches on four key dimensions: GDPR 

compliance, operational cost, response latency, and customer satisfaction. The goal is to provide 
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hospitality managers and engineers a data-driven basis for choosing an AI architecture that best fits 

their privacy obligations, budget constraints, and service quality goals. 

 

 

LITERATURE REVIEW 

 

AI Chatbots in Hospitality: Prior studies indicate that AI-driven chatbots can enhance service 

efficiency and guest experiences in hotels. Chatbots are capable of providing instant answers to 

common questions, handling booking requests, and offering personalized recommendations, which 

positively affects customer satisfaction and engagement (Chotisarn and Phuthong, 2025). In a case 

study of a hotel chain, the introduction of AI chatbots led to a 10-fold faster query resolution and a 

22% increase in customer satisfaction scores, as well as reduced wait times during peak hours (Capella 

Solutions, 2024). These benefits stem from chatbots’ ability to deliver 24/7 service and consistent 

responses, thereby improving operational efficiency and guest loyalty. Nonetheless, research also 

notes that guests value accuracy and a human-like conversational quality – factors which depend on 

the sophistication of the underlying AI (Chotisarn and Phuthong, 2025). This underscores the 

importance of choosing an LLM with adequate capability for the domain-specific tasks. 

 

GDPR and Data Privacy Concerns: GDPR sets a high bar for data privacy in the EU, mandating that 

personal data of customers be handled with transparency, kept secure, and not transferred to 

jurisdictions without adequate protection (Padilla Ojeda, 2024). These regulations directly impact 

enterprise use of LLMs. If a hotel’s chatbot transmits guest data (names, booking details, etc.) to a 

cloud AI service, the hotel remains the data controller responsible for GDPR compliance. 

Organizations must ensure either that the data stays within the EU or that any cross-border transfer 

meets strict conditions transferred to jurisdictions without adequate protection(Padilla Ojeda, 2024). 

Furthermore, some LLM providers historically have retained user prompts for model training or 

logging purposes, which raises additional compliance issues if not properly disclosed and consented. 

Due to such concerns, several companies – including banks and tech firms – have restricted 

employees’ use of public chatbots like ChatGPT, fearing confidential data leaks (Matviishyn, 2024). 

In the hospitality context, guest trust and legal compliance are paramount; thus, minimizing third-party 

data exposure is a key consideration when deploying AI services (Matviishyn, 2024). 

 

On-Premises vs. Cloud LLM Deployment: Deploying an LLM on-premises (or in a private cloud 

under the company’s control) can address many data privacy issues. By self-hosting the model, 

businesses maintain full control over data flow and storage, ensuring that sensitive customer 

information never leaves their controlled environment (Matviishyn, 2024). This approach aids 

compliance by design, as data autonomy makes it easier to enforce policies like data retention limits 

and access controls. Indeed, organizations in regulated sectors often prefer self-hosted AI specifically 

to avoid the risk of data leakage to external servers (Akman, 2024). On-prem LLMs also eliminate 

ongoing API usage fees; while they require upfront investment in hardware and engineering, they can 

become cost-effective at scale by avoiding pay-per-request charges (Akman, 2024). Additionally, self-

hosting allows greater customization (e.g. fine-tuning on proprietary data and integration with internal 

systems) without exposing that data to an outside vendor. 

 

Conversely, cloud-based LLM services offer advantages in ease of deployment and raw performance. 

Providers like OpenAI, Google, or Microsoft supply powerful models (often more advanced or larger 

than what is feasible to run on-prem) and handle the heavy maintenance tasks such as model updates, 

scaling, and uptime. The GPT-4 model, for instance, is a state-of-the-art LLM known for its superior 

reasoning and fluency, which can translate into more natural and accurate chatbot responses. Using a 

cloud API requires minimal local infrastructure – essentially just an internet connection – and allows 

rapid development by leveraging pre-built AI capabilities. However, these benefits come with trade-

offs: higher operational expenses (usage-based pricing) and dependency on the vendor’s compliance 

measures. Enterprises can opt for business-focused offerings like Azure OpenAI or “ChatGPT 

Enterprise” which promise not to use data for training and to keep data within certain regions, as 
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partial mitigation (Matviishyn, 2024). Still, ultimate responsibility for GDPR compliance lies with the 

deploying company, and trust in the provider is required. 

 

 

METHODOLOGY 

 

Use Case Scenarios: We designed three representative customer-service scenarios in which a hotel 

guest interacts with a chatbot: (1) Booking Modification – the guest wants to modify an existing 

reservation (e.g. change dates or room type); (2) Late Check-in – the guest informs the hotel of a late 

arrival and requests check-in instructions; (3) Local Recommendations – the guest asks for 

suggestions on nearby restaurants and attractions. These scenarios cover a range of query complexity 

and sensitivity: from transactional (booking changes involve personal booking data) to simple 

notification, to open-ended informational queries. 

 

LLM Solutions Evaluated: For each scenario, we built two chatbot prototypes: 

− Cloud GPT-4: Using OpenAI’s GPT-4 model via API (2025 version). The chatbot transmits 

the user’s query to the cloud service and returns GPT-4’s response 

− On-Prem Llama 3–13B: Using a hypothetical open-source Llama 3 model (13 billion 

parameters) deployed on a local server.  

 

Evaluation Metrics: We evaluated each chatbot in each scenario on four dimensions: GDPR 

Compliance, Operational Cost, Response Latency Customer Satisfaction. It should be noted that while 

the satisfaction evaluation provides insight into answer quality, it is somewhat subjective. We 

mitigated bias by randomizing the order of model responses for raters and ensuring the content of 

responses was based on consistent scenario assumptions. The benchmarking and evaluation were 

conducted in April 2025.  

 

 

RESULTS 

 

GDPR Compliance: The data flow analysis confirmed stark differences in privacy. With the GPT-4 

cloud chatbot, any user query (which can include personal details) is sent over the internet to 

OpenAI’s servers. In our tests, this meant guest data left the hotel’s domain and went to a US-based 

service (OpenAI), implicating GDPR restrictions on data export. While encryption (HTTPS) is used in 

transit and OpenAI offers assurances (e.g. not using API data for training by default), the hotel must 

trust the provider’s compliance and possibly sign a Data Processing Agreement. The cloud approach 

also made it challenging to guarantee data deletion on demand – an obligation under GDPR. In 

contrast, with the on-premises Llama 3 chatbot, all processing occurred locally; personal data stayed 

on Cogniforce Labs’ server (physically in the EU). This setup inherently satisfied GDPR data 

residency requirements – no data transfer to third countries was needed. It also gave the deploying 

company direct control to delete or anonymize chat logs as required. Overall, the on-prem solution 

was judged fully compliant by design, whereas the GPT-4 solution required additional legal and 

technical safeguards (such as EU hosting options or anonymizing queries) to approach compliance. 

While on-prem hosting ensures data residency, hallucinated outputs may still risk privacy breaches if 

the model fabricates plausible but false personal details. 

 

Latency and Cost Performance: Table 1 summarizes the measured response times and estimated 

costs for the two models across the three use cases. The Llama 3–13B on-prem chatbot demonstrated 

consistently lower latency. For straightforward queries like late check-in, it responded in about 1.8 

seconds on average, compared to 2.5 seconds for GPT-4. In the more complex booking modification 

scenario, which involved multiple database lookups (e.g. checking availability) integrated into the 

chatbot flow, Llama 3 answered in ~2.8 s vs. ~4.0 s for GPT-4. The largest delay was observed in the 

local recommendations scenario: GPT-4 took ~5.5 s to generate a detailed answer listing restaurants 

and attractions (likely due to a longer, more creative response), while Llama 3 returned a more concise 

list in ~4.0 s. The on-prem model’s speed advantage (approximately 30–35% faster replies) is 
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attributable to eliminating network round-trip time and possibly using a smaller model that generates 

tokens quicker. From the user experience perspective, this difference was noticeable: the GPT-4 

chatbot sometimes had a short “typing” delay, whereas the Llama chatbot felt nearly instantaneous. In 

terms of operational cost, the cloud GPT-4 incurs usage fees for each request. Based on OpenAI’s 

pricing and the token counts in our test dialogues, a single booking modification interaction (which 

averaged ~250 tokens in/out) costs roughly $0.015. Local recommendation queries, with lengthier 

answers, cost up to $0.03 each. Summing typical usage, a mid-size hotel might see a few hundred to a 

thousand such queries monthly, amounting to tens of dollars in API fees per month for GPT-4. The 

on-prem Llama 3 model has no per-query charge; its cost comes from infrastructure. We estimated 

that running the model (including hardware depreciation and electricity) would cost on the order of 

$0.002–$0.004 per query. This made the on-prem solution markedly cheaper per interaction in our 

scenario (see Table 1, last columns). These results support the expectation that on-prem LLMs can 

offer cost benefits for sustained high-volume use (Akman, 2024), though for very low volumes the 

difference might be negligible when weighed against the infrastructure overhead. 

 

Table 1: Performance of cloud GPT-4 vs. on-prem Llama3-13B across use cases 

Use Case 
GPT-4 

Latency (s) 

Llama3 

Latency (s) 

GPT-4 Cost per 

100interactions (USD) 

Llama3 Cost per 

100interactions (USD) 

Booking Modification 4.0 s 2.8 s $1.50 $0.20 

Late Check-in 2.5 s 1.8 s $0.50 $0.10 

Local 

Recommendations 
5.5 s 4.0 s $3.00 $0.40 

 

Customer Satisfaction: In our blind user evaluation, both chatbots achieved high satisfaction scores, 

but GPT-4’s responses were rated higher on average. Figure 1. illustrates the mean satisfaction ratings 

(on a 5-point scale) for each scenario. In the late check-in scenario – a simple task – participants found 

little difference For the booking modification scenario, GPT-4 scored 4.5 vs. Llama’s 4.2. Reviewers 

commented that GPT-4 responded with a slightly more fluent and reassuring tone, e.g. explicitly 

confirming the changes and apologizing for any inconvenience, whereas Llama3 (on-prem) provided a 

correct but more terse response. The largest gap was in the local recommendations scenario: GPT-4’s 

rich, detailed answer (mentioning a few restaurants with specific cuisine notes and distance from the 

hotel) achieved about 4.6 satisfaction, compared to 4.0 for Llama3’s answer, which was factual but 

less detailed. Participants appreciated the depth and natural language style of GPT-4’s suggestions, 

which felt more “concierge-like.” This result is not surprising – GPT-4, being a far larger model 

trained on vast data, excels at open-ended tasks and creative, context-rich responses. Despite GPT-4’s 

advantage, it is worth noting that Llama3’s performance was quite strong for routine queries This 

indicates that from a customer satisfaction standpoint, on-prem models can achieve parity in simple 

use cases, and the gap in more complex tasks might be narrowed through further fine-tuning or by 

augmenting the model with hotel-specific knowledge (e.g. integrating a database of local attractions 

for richer recommendation answers). 

 

 

DISCUSSION 

 

The findings reveal a classic trade-off between compliance & control versus raw performance & 

convenience when choosing between on-prem and cloud LLM solutions for hotel chatbots. We discuss 

each key dimension in turn and provide context for decision-makers: 

 

Privacy and GDPR Compliance: The on-premises LLM clearly offers superior assurances for GDPR 

compliance. All guest interactions stay within the organization’s own infrastructure, drastically 

reducing exposure to third-party risks. This aligns with enterprise trends noted by Matviishyn (2024), 

where data-sensitive companies lean toward self-hosted models to maintain data sovereignty. In our 

case, using Llama3 on-prem meant hotels could confidently tell guests that their personal details never 

leave the company’s servers, potentially boosting customer trust in the service. In contrast, the cloud 

GPT-4 approach, while not insurmountable, requires careful legal and technical measures: e.g. 
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ensuring the cloud provider processes data in Europe or in compliance with EU Standard Contractual 

Clauses, and implementing features like prompt anonymization (removing or masking PII in queries). 

 

 
Figure 1: Average user satisfaction ratings (1–5 scale) for chatbot responses in each scenario, 

comparing GPT-4 (cloud) vs. Llama3-13B (on-prem). Higher values indicate better perceived quality 

and helpfulness of the response. 

 

Operational Cost Considerations: Cost analysis showed that at scale, the on-prem model can be 

significantly cheaper per interaction than the pay-as-you-go cloud model. This echoes the point by 

Akman (2024) that avoiding ongoing API fees can yield long-term savings, especially for high-volume 

usage. For Cogniforce Labs deploying across multiple mid-size hotels, an investment in robust 

hardware and a single open-source model deployment could service all clients with only marginal 

incremental cost for additional queries. In contrast, using GPT-4 via API means costs grow directly 

with usage – which might be predictable and manageable for low volumes, but could become a budget 

concern if the chatbot becomes very popular or expands in functionality (e.g. handling multi-turn 

conversations, larger outputs, etc.). It is important to note, however, that on-prem is not “free”: there 

are hidden costs such as system maintenance, updates, and the engineering effort to optimize the 

model. Smaller hotels with limited IT support might find the cloud model’s zero-infrastructure 

approach more appealing despite the higher variable cost. 

 

Latency and Performance: Our tests demonstrated a tangible benefit of on-prem deployment in 

reducing latency. In customer service, faster responses generally equate to better user experience – 

nobody likes waiting long for answers. A difference of a couple of seconds, as we saw in complex 

queries, might affect user perception: a near-instant answer feels like a snappy, efficient service, 

whereas a longer pause might cause users to wonder if the system understood them or is still working. 

Especially in hospitality, where guests may be in a hurry (e.g. asking a question on the go), 

responsiveness is key. 

 

Customer Satisfaction and Quality of Responses: The satisfaction ratings highlight that GPT-4 

currently holds an edge in delivering high-quality, eloquent responses. The larger model tends to have 

better grasp of nuanced language and broader knowledge, which shone through in tasks like making 

detailed recommendations. For hotels aiming to wow guests with a very polished AI concierge, the 

GPT-4 solution might be preferable. Guests could conceivably find the GPT-4-powered chatbot more 

“helpful” or even engaging, perhaps increasing their overall satisfaction with the hotel’s service. On 

the other hand, our results also show that a well-implemented smaller model can be sufficient for 

many practical purposes. The differences were minor for straightforward Q&A.  

 

Hybrid and Alternative Approaches: It is worth mentioning that the dichotomy of cloud vs. on-prem 

is not all-or-nothing. Some organizations pursue a hybrid strategy: for example, using the on-prem 

model for most queries to keep data local, but falling back to a cloud model for particularly hard 
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questions or off-topic queries (routing logic could decide if a query requires GPT-4’s prowess). For 

instance, hotels could handle routine requests with an on-prem model and escalate unusual or complex 

questions to a cloud LLM via a secure relay, minimizing external exposure. This could maximize 

quality while limiting data exposure. Another approach is using cloud models through providers that 

offer EU data residency. 

 

Limitations: A few limitations of our study should be noted. First, the Llama 3–13B model is 

hypothetical (projected based on trends from Llama 2); actual performance of open-source models in 

2025 could vary. We assumed a certain level of fine-tuning and domain adaptation that may require 

expertise to achieve. If an open model were used out-of-the-box with no tuning, the satisfaction results 

might be lower. Second, our evaluation of GDPR compliance was qualitative; a real deployment 

would need a thorough legal assessment and possibly a Data Protection Impact Assessment (DPIA). 

 

 

CONCLUSION 

 

This study examined the deployment of customer-service chatbots in the hotel industry using two 

contrasting LLM approaches: a cloud-based GPT-4 API and an on-premises Llama 3–13B model. 

Using Cogniforce Labs’ pilot across mid-size Central European hotels, we evaluated each approach on 

GDPR compliance, operational cost, response latency, and user satisfaction. The results highlight a 

clear trade-off. The on-premises LLM offers strong data protection and control, keeping guest 

information internal and simplifying GDPR compliance, as well as faster response times and lower 

variable costs. In contrast, the cloud GPT-4 solution provides superior AI capability, yielding more 

articulate and informative responses that slightly improve customer satisfaction, at the cost of relying 

on a third-party service and incurring ongoing fees. For hotel operators and tech providers, the choice 

depends on strategic priorities.  

 

Ultimately, hotels implementing AI must weigh technical capabilities against ethical and legal 

responsibilities. This study provides an initial framework and evidence to support those decisions. By 

carefully considering the factors detailed here, hospitality businesses can deploy AI chatbots that 

delight customers while respecting their privacy and maintaining compliance in an era of strict data 

protection. 
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ABSTRACT  

 

The paper examines the influence of external factors on the evolution of corporate social responsibility (CSR) 

within regional industrial enterprises. The research is grounded in qualitative data collection and analytical 

methods, which encompass surveys and in-depth interviews with leaders of industrial enterprises in the 

Voronezh region, alongside a review of statistical data and analytical reports at both national and regional levels. 

Consequently, the study highlights the role and potential of the state and the non-profit sector as pivotal external 

agents in fostering responsible practices in this historically industrialized area of Russia. It outlines the priorities 

for governmental engagement in promoting socially responsible initiatives among enterprises, as well as the 

regulatory mechanisms that support their advancement, particularly through tax incentives, credit facilities, and 

targeted subsidies. However, the non-profit sector remains a relatively weak player within the industrial 

landscape of the Voronezh region. Amidst a significant labor shortage, enterprises tend to engage consistently 

only with educational and scientific non-profit organizations. 

 

Keywords: Corporate social responsibility, Sustainable development, Industrial enterprises, Government 

regulation, Non-profit organizations. 

 

 

INTRODUCTION 

 

CSR is influenced by various endogenous and exogenous factors. Among the external determinants of 

CSR development, the level of development of the country's economy, the intensity of competition, 

traditions, skills, customs of business communication, etc. are noted. However, historically, external 

pressure (Weiser and Zadek, 2000) has had a serious impact on the formation of CSR, the main actors 

of which were government and civil society institutions. In the 20s of the twentieth century, a 

powerful labor movement began in the United States, trade unions and business associations were 

formed. The labor legislation that was formed a little later, as a result of the social dialogue between 

employers, employees and the government, became the leading external factor directly influencing 

socially responsible practices. Steurer (2010) showed that CSR started out as a neo-liberal concept that 

helped to downscale government regulation, but that it has in turn matured into a more progressive 

approach of societal co-regulation. 

 

Currently, the role of government is crucial in promoting CSR activities or programs (Verba, 2024). 

Depending on the degree of government involvement in the development of socially responsible 

behavior of enterprises and the regulatory methods used, two approaches to the implementation of 

relevant government policy can be distinguished (Nikitina and Pertseva, 2021): 

− An open model of CSR, in which regulatory instruments prevail, aimed at stimulating voluntary 

and independently determined social programs and projects of enterprises; 



EMC 2025, 20-21st June 2025, Zrenjanin, Serbia 

23 

− A hidden model of CSR, in which enterprises are rather forced by society, represented by the 

state, to implement already accepted values. The regulatory instruments in this model are 

prescriptive and mandatory.  

 

Within the framework of these two models, the dilemma is considered: is business capable of 

independently determining its contribution to the development of society, or should the state 

coordinate public interests and then transform them into official and unofficial requirements for 

business? 

 

Non-profit organizations (NPOs) are among the most powerful civil society institutions that can 

influence the development of CSR. In particular, Arenas et al., (2009) note that NPOs are key players 

in CSR, but their role is still regarded as controversial and their legitimacy contested. NPOs play two 

roles in the development of CSR: they are both direct participants in confrontational development and 

joint development partners (Faroque et al., 2022). NPOs either push corporations towards voluntary 

development initiatives through coercion, or cooperate with them to facilitate the implementation of 

CSR projects that support the goals of socio-economic development. 

 

This study is devoted to understanding the role and capabilities of the state and the non-profit sector, 

as the main external actors, in the development of socially responsible practices of industrial 

enterprises in the Voronezh Region. 

 

 

MATERIALS AND METHODS 

 

The object of this study is industrial enterprises of the Voronezh region engaged in raw material 

processing (manufacturing industry). Manufacturing ranks third in the region by the number of active 

legal entities, accounting for 8.38% of the regional economy’s structure, and second by revenue, 

representing 22.9%. In 2024, the industrial production index in the Voronezh region reached 102.5% 

compared to 2023, with a significant contribution from manufacturing, where the index reached 

104.2%. By the end of 2024, the total volume of state support for the region’s industrial sector from 

federal and regional budgets amounted to 7 billion rubles. 

 

The research relied on qualitative methods of data collection and analysis, including in-depth 

interviews, analysis of Russian and regional statistical data, analytical reviews, and media materials. 

The following data sources were used in the study: 

− A standardized survey of managers of industrial enterprises in the Voronezh region on issues of 

social responsibility practices implementation, conducted in March 2021 and March 2024; 

− Semi-structured interviews with general directors and deputy directors of industrial enterprises 

in the Voronezh region, conducted in July–August 2024; 

− The official website of the ECG rating (https://экг-рейтинг.рф/), formed according to GOST R 

71198-2023 “Business Reputation Index of Business Entities (ECG Rating). Assessment 

Methodology and Procedure for Forming the ECG Rating of Responsible Business,” which is 

positioned as an analogue of ESG ratings but adjusted for state priorities. The ECG rating 

reflects the result of a comprehensive assessment by summing points across three areas: 

environment, personnel, and state. In the Russian Federation, more than 7 million companies are 

covered by this rating, including 90,000 from the Voronezh region. The rating scale ranges from 

0 to 160 points. Based on the scores, companies are classified into four levels: “C” / “CC” / 

“CCC” (basic), “B” / “BB” / “BBB” (intermediate), “A” / “AA” (advanced), and “AAA” 

(leaders). Out of 102 enterprises included in the mailing list for the standardized survey ECG 

rating data were available for 61 on the official website. Many enterprises not included in the 

rating system operate in the defense industry are under sanctions and do not disclose data. 
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RESULTS AND DISCUSSION 

 

Data triangulation enabled the formation of an objective picture regarding the implementation of 

socially responsible practices at manufacturing enterprises in the Voronezh region and the external 

factors shaping their development. 

 

To assess the current level of socially responsible practices among Voronezh manufacturing 

enterprises, we analyzed the results of external evaluation based on ECG rating data. The average 

score in the sample was 70.19, which is at the boundary between “BB” and “BBB” ratings. Of the 61 

enterprises, 30 scored above the average and 31 below. It was found that 69% of the sample 

enterprises are at the intermediate ECG rating level. Analysis of the scores in each rating area showed 

that the main focus is on the “State” block, with enterprises on average receiving 60.8% of the 

maximum possible points in this area. The least attention is paid to the “Environment” block, with 

enterprises on average receiving only 17.5% of the maximum possible points. For the “Personnel” 

block, enterprises received an average of 21.7% of the maximum possible points. 

 

In 2021, only one-third of respondents (33.3%) were inclined to believe that social responsibility in 

Russia would develop and that an increasing number of enterprises would incorporate advanced 

environmental, social, and governance practices into their operations. By 2024, this number had 

doubled to 66.7%, while an additional 10% believed that the situation would remain at the current 

level (30% in 2021). Only one respondent in 2024 forecasted a decline in the development of socially 

responsible practices (there were none predicting such a decline in 2021). 

 

The main obstacles to the development of corporate social responsibility (CSR), according to 

respondents, are outlined in Table 1. 

 

Table 1: Key Challenges and Barriers to the Development of CSR in Russia (multiple responses 

possible) 

Barriers to the Development of CSR 

Share of Total 

Respondents, % 

2021 2024 

Lack of clear understanding of CSR and its effects by businesses 46,7 63,3 

Underdeveloped regulatory framework 23,3 30,0 

Insufficient financial resources for enterprises    63,3 63,3 

Inadequate coverage of CSR issues in media and public discussions 26,7 36,7 

Ineffective government policy in promoting/supporting socially responsible 

enterprises  

33,3 36,7 

Lack of CSR specialists in the labor market 6,7 23,3 

Underdevelopment / passivity of non-profit organizations 6,7 6,7 

Insufficient experience and skills among enterprises in developing and 

implementing social programs 

20,0 43,3 

Underdeveloped responsible investment tools        0,0 0,0 

 

The lack of financial resources among enterprises remains the primary argument hindering the 

development of socially responsible practices, a situation that has not changed between 2021 and 2024. As 

noted in an interview: “When a company is in a challenging situation and has to choose between investing 

in its further development or engaging in other projects related to ecology, social functions, or 

infrastructure development around it, the choice clearly favors internal growth” (large enterprise, 

machinery and equipment manufacturing, not included in other groupings, July 2024). 

 

In 2024, significant changes in the assessment of barriers and difficulties related to CSR development 

shifted towards a critical evaluation of companies’ capabilities to implement socially responsible practices. 

Notable increases were observed in the following areas: lack of experience and skills among enterprises in 

developing and implementing social programs (+23.3%), unclear understanding of CSR and its effects by 

businesses (+16.6%), and the absence of CSR specialists in the labor market (+16.6%). 
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Overcoming these challenges is possible through the establishment of a multi-actor support system for 

socially responsible practices and ESG transformation. The characteristics of this system involve building 

vertical and horizontal connections among various types of actors (government, business, civil society), 

aggregated into sectors, organizational units, or individual/group entities. The scientific foundation of this 

system is rooted in concepts of managing the transition to sustainable development, particularly the Multi-

Level Perspective (MLP) and Multi-Actor Perspective (MAP). Transition management is viewed as a long-

term process focused on coordinating and influencing complex social change processes. Coordination and 

influence are considered the most feasible forms of control, where beliefs, feedback mechanisms, and 

achieving consensus among all participants play a crucial role. (Komleva and Sheveleva, 2021).   

 

In our research, we sought assessments from enterprise representatives regarding the role and capabilities 

of the government and NPOs as primary external actors in the development of socially responsible 

practices. In 2024, 76.7% of respondents deemed government participation in the development of socially 

responsible practices at enterprises necessary, with only one respondent denying such necessity. In 2021, 

just over half of respondents (56.7%) supported government involvement, while three respondents 

considered it unnecessary. 

 

Undoubtedly, government policy in the field of CSR is an integral element of its systemic development. 

This policy stimulates the dissemination of institutional norms of CSR and creates conditions for 

businesses to engage in social investments. The tools applied can either encourage voluntary, self-defined 

socially responsible practices by enterprises (“soft” approach, open CSR model) or compel businesses to 

implement societal values (“hard” approach, hidden model). 

 

Enterprises are increasingly engaging with regional government and administrative structures. 

Consequently, the tangible results of cooperation between authorities and businesses in the area of social 

responsibility are more readily observable at the regional and local levels. The outcomes of social activities 

by business entities and their governmental regulation in the regions of Russia exhibit ambiguity regarding 

the overall development trajectory, key areas, and forms. In Russian regions, the practice of promoting 

CSR ideas, as well as developing corresponding regulations and evaluation methodologies, has not yet 

gained widespread traction. However, there are individual regional initiatives and developments in this 

field. 

 

Voronezh Region has become the second subject of the Russian Federation to adopt Law No. 116-OZ "On 

the Development of Responsible Business Practices in Voronezh Region," dated December 1, 2023. 

According to this law, legal entities registered in Voronezh Region with an average employee count 

exceeding 15 and revenue exceeding 120 million rubles will undergo evaluation for inclusion in the 

ranking of responsible organizations. Companies will be assessed based on criteria such as environmental 

impact, use of best available technologies, wage levels and employee benefits, implementation of 

investment projects within Voronezh Region, tax efficiency, financial stability, and execution of projects 

aimed at improving the quality of life and comfort for the region's population. For enterprises achieving a 

score of at least 91 points in the ECG Rating, support measures will include: 

− Provision of land plots owned by the state or municipal authorities for lease without competitive 

bidding; 

− Priority consideration of appeals to regional executive bodies; 

− Assistance in prioritizing appeals to utility providers and various other preferences. 

 

Our research indicated that opinions among respondents regarding the tools used to stimulate CSR 

activities were evenly split in 2024 between those advocating exclusively for advisory measures and those 

supporting a combination of prescriptive and advisory tools. In 2021, the distribution of these positions was 

somewhat different—58.8% favored the exclusive use of advisory tools by the government, while just over 

one-third (35.3%) indicated the appropriateness of combining prescriptive and advisory measures. No 

respondents supported a stringent approach to regulating socially responsible behavior by enterprises in 

either 2021 or 2024. 
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Respondents who deemed government participation necessary for promoting socially responsible practices 

among enterprises were asked to identify "soft" regulatory tools that would facilitate their development (see 

Table 2). 

 

Table 2: “Soft” Government Regulatory Tools for CSR (multiple responses allowed) 

Regulatory Tools 

Percentage of Respondents 

Supporting Government 

Involvement in the 

Development of CSR, % 

2021 2024 

Preferential Lending  76,5 69,6 

Preferences for Government Contracts  41,2 39,1 

Development of Public-Private Partnerships            23,5 30,4 

Conducting Training/Seminars on CSR Management           41,2 43,5 

Tax Incentives                                           70,6 78,3 

Development and Awarding of Ratings/Awards 12 30,4 

Provision of Subsidies                                    70,6 73,9 

Hosting Forums Dedicated to Social and Environmental Issues 47,1 39,1 

Informing about Enterprises' Successes in Addressing Social Issues 35,3 43,5 

Involving Leaders of Socially Responsible Enterprises in Expert Councils 

within Government Bodies  
23,5 26,1 

 

Respondents largely and predictably demonstrated a pragmatic perspective, favoring financial regulatory 

instruments such as tax incentives (78.3% in 2024 and 70.6% in 2021), provision of subsidies (73.9% in 

2024 and 70.6% in 2021), and preferential lending (69.6% in 2024 and 76.5% in 2021). The expectation of 

recognition for their achievements in corporate social responsibility (CSR) is characteristic of all 

interviewees: “As of now, I feel neither hot nor cold. I have a document stating that we have a high rating. 

If the government were to say that you receive a rating and are eligible for preferential lending…” (large 

enterprise, manufacturing of finished metal products, excluding machinery and equipment, July 2024). 

Other desired support measures mentioned during the interviews included the possibility of reinvestment 

through tax reductions. 

 

However, in 2024, enterprises showed greater interest in public initiatives aimed at enhancing their image 

and business reputation: media coverage of companies' successes in addressing social issues (43.5% in 

2024 and 35.3% in 2021), and the development and awarding of ratings or prizes (30.4% in 2024 and 12% 

in 2021). This increase may be linked to the active implementation of ESG ratings and related government 

support measures (according to the survey, 60% of respondents are familiar with ESG ratings). 

 

In international practice, among the strongest participants who can assist in implementing socially 

responsible practices and effectively influence their development, non-profit organizations (NPOs) are also 

highlighted alongside the government. For Russia as a whole, and particularly for the industrial sector of 

the Voronezh region, the NPO sector remains a relatively weak actor. According to the survey results 

(Table 3), the interaction between regional enterprises and NPOs is sporadic or non-existent. 

 

Table 3: Non-profit organizations with which enterprises collaborate, and the frequency of their 

interactions (multiple responses possible) 

/NPO 

Share of enterprises in the sample, % 

Constantly    Sometimes  Not Engaged 

2021 2024 2021 2024 2021 2024 

Charitable Organizations 20,0 16,7 50,0 60,0 30,0 23,3 

Environmental Organizations  16,7 23,3 53,3 40,0 30,0 36,7 

Scientific and Educational Organizations  56,7 56,7 30,0 36,7 13,3 6,7 

Healthcare Organizations  26,7 23,3 43,3 53,3 30,0 23,3 

Entrepreneurial Associations and Unions  33,3 33,3 36,7 60,0 30,0 6,7 

Creative Organizations  6,7 6,7 26,7 40,0 66,7 53,3 

Religious Organizations   6,7 3,3 20 23,3 73,3 73,3 
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A more in-depth analysis of the composition of non-profit organizations (NPOs) with which enterprises 

collaborate, as well as the frequency of their interactions, revealed that enterprises most actively and 

consistently engage with educational and scientific organizations (56.7%). This interaction likely focuses 

on employee training. In the current environment, there has been an increased interest in collaboration 

within entrepreneurial associations and unions. While this noted growth is currently supported by sporadic 

contacts, a total of 28 out of 30 enterprises reported such collaboration in 2024. Conversely, enterprises 

have established extremely passive relationships with environmental organizations, with approximately 

one-third of enterprises not engaging with them at all. 

 

 

CONCLUSION 

 

Respondents assessed the potential for participation and influence of external actors on the development of 

socially responsible practices over the next 3-5 years at 50% for government involvement. Notably, none of 

the respondents identified NPOs as key players shaping the agenda on this issue. This is largely attributed 

to the government support provided to the manufacturing sector in light of pandemic-related and sanctions-

related restrictions. In general, the state policy in the field of CSR is an essential element of its systemic 

development. This policy encourages the dissemination of institutional CSR standards and creates 

conditions for businesses to make social investments. At the same time, according to the heads of industrial 

enterprises, the state's participation in promoting socially responsible practices of enterprises should be 

"soft", using, first of all, financial regulatory instruments. The introduction of the national ECG rating will 

allow for an informed selection of leading enterprises for additional government support. The issue of 

assessing the degree of influence of NPOs is very ambiguous. In conditions of a critical shortage of 

personnel in industry, enterprises cooperate most actively and on an ongoing basis only with educational 

and scientific NPOs that provide staff training. The low level of importance of the environmental direction 

of CSR for the enterprises under study, and the practical lack of regular interaction with environmental 

organizations, is of concern. Building partnerships between regional industrial enterprises and NPOs may 

involve harnessing the potential of the "third sector" to form norms and standards for socially responsible 

business. In particular, various associations of Russian entrepreneurs, whose importance has increased 

under the conditions of sanctions restrictions, can play a major role in this. 
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ABSTRACT  

 

Learning performance is a complex phenomenon influenced by various factors such as the teaching environment 

and individual study behaviors. In today’s increasingly dynamic education landscape, the integration of AI tools 

into the learning process presents a new paradigm that introduces exciting new possibilities. Consequently, this 

paper aims to assess student’s preferences and concerns regarding the application of AI tools and their 

considerable power to the academic community. Specifically, this paper reports the evaluation of some of the 

most commonly used and popular AI platforms, among the academic level students. To address the research 

problem, a quantitative methodology was employed throughout the conduction of a survey. Through designing a 

structured questionnaire, data were collected from 131 students at University American College Skopje. Besides 

the AI assistance platforms for writing, generating ideas, or providing feedback on written content are evaluated 

as the most commonly used tools, collaboration in teamwork is highlighted as a pivotal feature of AI tool 

utilization. This paper can serve as a valuable guide for a better understanding of the AI-supported tool's 

contribution to the education area. Yet, learning is a dynamic ongoing effort that worth to be continuously 

reconsidering regarding the technology innovations. 

 

Key words: learning performances, AI tools, students, academy, educational process, knowledge. 

 

 

INTRODUCTION 

 

The rapid growth of Artificial Intelligence technology (AI) has dramatically transformed various 

sectors, including the area of education. AI technology has a significant impact on students’ learning 

performances by offering a blend of challenges and positive educational outcomes (Vieriu & Petrea, 

2025). AI tools provide personalized feedback and support to students, helping them to identify zones 

of weaknesses and improve their skills in an adaptive way (Sinhaliz et al., 2023). By educating 

students about AI, universities empower them to actively contribute to its development and 

implementation, helping to ensure that AI serves the broader interests of society (Chan, 2023). 

Consequently, this is the main trigger in the paper, actually to examines the utilization of the most 

popular AI platform, like ChatGPT, Grammarly, Duolingo, Khan Academy, Socratic by Google and 

Elicit, among the academic level students. In this context, the brief explanation of the AI platforms' 

basic concepts will be considered as further. 

 

One of the most popular AI tools is ChatGPT, as a variant of the GPT-3 (Generative Pre-trained 

Transformer 3) It is specifically designed to generate human-like text in a conversational style (Lund 

& Wang, 2023). ChatGPT can help students brainstorm ideas, outline essays, refine grammar, and 

improve clarity in academic writing (Cotton et al., 2024). 

 

Utilization of Grammarly as a learning tool in educational settings foster better learning outcomes for 

academic students. This platform can enhance both the quality of academic writing and students’ self-

perceptions as writers. It can help learners identify the reoccurring writing problems, eliminate them, 

and monitor the progress (Temirgaliyeva et al., 2024).  
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Another helpful AI tool for educational purposes is Duolingo. Actually it is a web-based self-paced 

language teaching program that guides students step-by-step through a sequence of tasks, largely 

based on translation (García Botero et al., 2018). It is clearly aimed at conscious learning, although 

some subconscious acquisition of language is inevitable, as students hear and read samples of the 

language (Ajisoko, 2020). 

 
Khan Academy, as one of the AI tools, provides various activities, instructional videos, and a 

personalized learning platform that allow students to learn according to their personal needs. Videos 

on Khan Academy usually last between 7-14 minutes, and provide opportunities for students to 

identify, explain, and practice different mathematics concepts using relevant software (Zengin, 2017). 

Moreover, Socratic is an AI educational tool that provides relevant educational resources, including 

step-by-step explanations, videos, and practice problems, to facilitate students learning and 

comprehension (Okpara et al., 2024). It allows students to engage with interactive quizzes, receive 

real-time feedback, request in-depth explanations of advanced concepts, and tailor the conversation to 

their own level of understanding. This platform enables students to input questions via text, voice, or 

images (Jabbour et al., 2025).  

 

The next AI tool that can assist the learning process, specifically the research process, is Elicit. This 

tool enables text extraction and synthesis. Elicit pulls publications from Semantic Scholar and speed 

up the literature review process (Kung, 2023). 

 

Yet, through literature assessment, the background of this topic is confirmed as a vague area, that 

worth to be investigated in certain learning environment in the further step. Accordingly, the 

assessment of the utilization of the most popular AI tools among the students on University American 

College Skopje in North Macedonia was conducted by survey. The goal of this paper is: 

 

G: Evaluation of the importance of inclusion of aforementioned AI tools in learning process by the 

university students.  

 

This paper is organized in few sections. As an initial phase of this research, the current literature 

review was accomplished. The third section introduces the research framework. The next section 

presents the results, whereas discusses the findings and finally, the conclusion is presented. 

 

 

LITERATURE BACKGROUND 

 

In recent period, there has been a growing concern in the academic settings about the use of text 

generative artificial intelligence (AI). Numerous researchers confirm that AI technology has a strong 

impact on educational process, starting from personalized learning experiences to intelligent tutoring 

systems that provide tailored guidance, support, and feedback based on individual learning patterns 

and knowledge levels (Hwang et al., 2020; Baashar, 2022; Shu, 2024: Lewis, 2022;).  

 

In more details, the specific AI platforms features were researched by various researchers and the 

findings of the comprehensive literature review are explicitly presented in the following Table 1. In 

general, the performances, benefits, strengths and weaknesses of the investigated AI tools were 

explored, discussed and criticized by the identified authors.  
 

 

RESEARCH FRAMEWORK 

 

This paper attempts to identify the most used AI tools used by academic level students. The applied 

methodology employs a qualitative research method by means of a literature review and quantitive 

analysis by survey conduction. Technically, the conducted research included (1) comprehensive 

literature review, (2) questionnaire designing, (3) conducting survey and data collection, and (4) 

discussing the gathered results.  
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In terms of the first challenge, a comprehensive research of the literature based upon Emerald, Scopus, 

EBSCO, and other relevant bases, was conducted in the period from 1st November 2024 to 15th 

February 2025. A total of 22 papers in the area of AI utilization in learning process, published in 

English, have been found and present in Table 1, according to keywords: learning performances, AI 

tools, university students, educational process and knowledge. 

 

Table 1. Literature sources supporting the use of AI tools in education 

 

Regarding the remaining challenges, the questionnaire was designed to gather data connected with the 

benefits and concerns of AI tools utilization for learning purposes and overall importance of 

integration of AI tools into the learning process infrastructures. Actually, the questionnaire includes 

two types of questions, multiple-choice questions that allow respondents to select one or more answers 

and questions where participants rate the importance of a specific statement using a Likert scale 

(ranging from 1 to 5). Throughout developed structured questionnaire, data were collected from 131 

students at University American College Skopje, starting from 1st December 2024, to 30th April 2025. 

Students of second year of 2024/2025 academic year of School of Business Economics and 

Management (34% of respondents) and School of Computer Science and Information Technology 

participated in this survey (64% of respondents). In doing so, the various AI tools were evaluated 

according to relevant criteria. This research and its findings are limited to the mentioned University 

located in North Macedonia (to epitomize a small developing country), but can still indicate the 

general directions concerning its main objective. 

 

 

RESULTS AND DISCUSSION 

 

By the analysis of the collected questionnaire data, valuable insights of this research are gathered and 

presented in Table 2. It is more than clear that the AI tool that enjoy in the highest popularity, is 

ChatGPT or other AI writing assistants. Only few students entered some specific AI tools like 

Notebook LM, Gemini, Deepseek and Claude in the “Other” category’s field. 

 

Table 2. Questionnaire results: Which AI tools do you currently use or have used for learning 

purposes? 
Offered answers (multiple selections allowed) Score (%) 

ChatGPT or other AI writing assistants – Writing and generating ideas. 93.1 

Grammarly – Assistting in checks grammar, spelling, punctuation, and writing style. 32.8 

Duolingo – Language learning app that adapts to the learner’s level. 27.5 

Khan Academy with AI integration – Offering personalized learning experiences with AI. 9.2 

Socratic – Helping with homework by providing explanations and solutions. 4.6 

Elicit – Researching and data analysis for information organizing and synthesizing. 2.3 

Other: Notebook LM/ Gemini/ Deepseek/ Claude 0.8/1.6/0.8/0.8 

 

The assessment of the importance of inclusion of AI tools in education was assessed is given in the 

Figure 1. It is noticeable, all the respondents confirm the importance of integration of AI tools in 

learning process, as important (33.6%), very important (38.9%) and extremely important (26.0%). 

Only 1.5% of students choose less important option, as an offered optional answer. The gathered 

results indicate a broad acceptance of AI tools in the learning process among the surveyed students. 

AI tools Authors 

ChatGPT 
Sinhaliz (2023); Bommarito & Katz (2022); Mann et al. (2020);  Chan (2023);  Cotton et 

al. (2024);  Lund & Wang (2023); Neumann et al. (2023);  Irwin et al. (2023). 

Duolingo Ajisoko (2020);  García Botero et al. (2018);  Krashen (2014). 

Grammarly Temirgaliyeva et al. (2024); Tran (2025); Hadiat et al. (2022);  Pratama (2020). 

Khan Academy Nguyen & Le (2020);  Zengin (2017). 

Socratic Jabbour et al. (2025); Okpara et al. (2024). 

Elicit Kung (2023);  Maloof & Stephens (2007);  Whitfield & Hofmann (2023). 
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Figure 2 presents the results of the student evaluations concerning the claim that integrating AI tools 

into the learning environment enhances the learning process. Specifically, 34.4% of respondents stated 

they are very likely to believe in the positive impact of AI integration, 32.8% are likely to agree, while 

27.5% remain neutral. This suggests in general positive perception among students regarding the role 

of AI in improving intended learning outcomes. 

 

 

Figure 1. Questionnaire 

results: How important do 

you think it is to have AI 

tools integrated into your 

learning process? 

  

 

Figure 2. Questionnaire 

results: How likely are you to 

use AI tools to improve your 

academic performance if they 

were integrated into your 

learning environment? 

 

Regarding the most beneficial AI tool in learning process presented in Table 3, 77.0% of students 

agreed that the writing and content creation tools, like ChatGPT and Grammarly were the most useful 

tool. It is interesting to notice, the Khan Academy and Socratic is recognized as a beneficial tool by the 

44.3% of students, but regarding the findings presented in Table 2, only 10% of students use it for 

their learning purposes. Probably because of the different principles of function, actually Khan 

Academy often requires passing through full lessons and videos, which is more adequate for deeper 

learning but also it in the other hand it is time-consuming. On the other hand, Socratic depends on 

scanning a problem and corresponding it to solutions. Because ChatGPT provides instantaneous and 

express answers without requiring searching through videos or multiple-choice suggestions typical for 

aforementioned tools, this is the accepted explanation deals with the issue. 

 

Furthermore, AI tools that assist in gathering, analyzing, and organizing research materials, like Elicit 

or Semantic Scholar were marked as beneficial for 29% of respondents. However, compared with the 

results presented in Table 2, only 2.3% of respondents utilize those Ai tools in learning process. 

Undoubtedly, Elicit and Semantic Scholar are designed for identifying scientific literature sources and 

both platforms are firstly convenient for researching, less for text writing, translating, and grammar 

checking. Since the respondents are students in their second academic year, most likely during the 

preparation of their capstone projects, these tools will be more than useful. The evaluations of the 
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remain AI tools are given in the Table 3. The remain treated AI tools, like Data analysis and 

visualization tools, Collaboration and productivity tools virtual assistants and chatbots and 

Personalized learning platforms, are rated 24.4%, 13.0%, 31.3%, and 10.7%, accordingly. It is 

interesting to mention that about the one-third of students surveyed (sample size 131) in the UACS 

have confirmed the importance of the AI tools intended for visualizing data and identifying research 

materials. Due to the fact, the surveyed students were in second academic year and the need for those 

platforms is expected to be developed in further years of their education. One can conclude, the 

advantages of using various AI platforms in education are broadly recognized, but still ChatGPT is 

treated as learning partner in text writing, grammar checking or coding. 

 

Table 3. Questionnaire results: Which AI tool do you think would benefit your learning the most? 
Offered answers (multiple selections allowed) Score (%) 

Writing and content creation tools (ChatGPT, Grammarly)  77.0 

Learning and tutoring tools (Khan Academy, Socratic)  44.3 

Research and information retrieval tools (Elicit, Semantic Scholar)  29.0 

Data analysis and visualization tools (Tableau, IBM Watson)  24.4 

Collaboration and productivity tools (Notion AI, Miro)  13.0 

Virtual assistants and chatbots (Microsoft Copilot, Google Assistant)  31.3 

Personalized learning platforms (Smart Sparrow, DreamBox)  10.7 

 

The findings, related to the most beneficial features of AI tools to learning process, are presented in 

Table 4. Notably, Personalized learning and tutoring as a valuable feature stands out as the most 

highly rated feature, identified by 64.1% of students. This is followed closely by Assistance with 

writing and content creation, which 58.0% of respondents recognized as beneficial. Additionally, 

45.8% of students highlighted Research support as an important advantage of using AI tools in the 

learning process, while 43.5% emphasized Data analysis and interpretation. Nevertheless, fewer 

students identified organizational features as impactful: only 19.1% rated Collaboration and 

organization tools as beneficial, and 26.0% selected Task management and reminders as helpful in 

their education. The interpretation of the gathered results is aligned with the respondents' status as not 

yet being employed, thus the both last mentioned platform are not prioritized. 

 

Table 4. Questionnaire results: Which features of AI tools would be most beneficial to your learning? 
Offered answers (multiple selections allowed) Score (%) 

Personalized learning and tutoring – Providing individualized support. 64.1 

Assistance with writing and content creation – Writing, grammar, and generating ideas. 58.0 

Data analysis and interpretation – Assisting with understanding and visualizing data. 43.5 

Research support – Gathering and organizing research materials. 45.8 

Collaboration and organization tools – Aassisting with project management and group work. 19.1 

Task management and reminders – Helping with scheduling, reminding and managing tasks. 26.0 

 

Table 5. presents the main concerns identified by students regarding the use of AI tools in the learning 

process. Almost all respondents acknowledged the significance of these concerns, reflecting a high 

level of awareness among students. In other words, this indicates on the high level of students' care 

that deals with Privacy and data security, Dependence on technology, Accuracy and reliability, and 

Lack of human interaction. 

 

Table 5. Questionnaire results: What concerns, if any, do you have about using AI tools in your 

learning process? 
Offered answers (multiple selections allowed) Score (%) 

Privacy and data security – How personal data and learning information are handled. 49.6 

Dependence on technology – Becoming too reliant on AI for learning and task completion. 55.7 

Accuracy and reliability of AI-generated content – Correctness of information. 43.5 

Lack of human interaction –AI might reduce meaningful interactions with teachers or peers. 31.3 
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However, the goal of this research, to evaluate the most popular AI assisted platforms among the 

students on University American College Skopje in North Macedonia is fulfilled. Accordingly, this 

paper presents the findings based on the applied methodology. 

 

 

CONCLUSION 

 

To summarize, the influence of AI on education is transformative and ultimately meaningful. Actually, 

learning’s AI tools offer substantial benefits such as personalized learning, improved engagement, and 

enriched access to scholastic resources. While most students view inclusion of AI tools as importantly, 

emphasizing its potential to enhance learning efficiency and academic performance, there remain 

critical concerns, regarding the privacy and data security, accuracy and reliability of outputs, the risks 

of lack of human interaction, and the dependence on technology. A conducted survey of university 

students found that ChatGPT, among all considered platforms as Duolingo, Elicit, Socratic, Khan 

Academy and others, that assist with writing, generating ideas, or providing feedback on written 

content were one of the most adopted AI tool for learning purposes. Since the assessment of the 

vitality of AI-assisted learning tools was conducted among the second-year students at the University 

American College Skopje, the main limitation of the research lies in the defined scope. Specifically, 

the results might differ if the survey were extended to higher-level students, such as master's students. 

In that point of view, further avenues of research should consider expanding the scope to encompass 

postgraduate students, consequently generating a second set of data and comparing findings based on 

the educational level, undergraduate students versus graduate students. In addition, the future research 

should include the new developed AI assisted learning platforms, due to the increasingly rapid growth 

of this field. However, the researched area should be a dynamic ongoing effort that deserve to be 

continuously monitored, analyzed and reassessed. 
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ABSTRACT 

 

This study used the qualitative method based on the fuzzy Delphi method to compile energy management 

indicators in residential buildings in Iran. In order to achieve the objectives of the research in the qualitative part 

of the research, effective indicators in energy management in residential buildings were extracted and approved 

by experts in this field by studying the background of the research and from reliable sources and articles, and 

based on them, a questionnaire between 15 people from Experts in the field of energy management were 

distributed. Using the fuzzy Delphi technique, and performing three steps, the obtained data of the effective 

indicators in energy management in Iranian residential buildings have been evaluated and ranked. A total of 26 

factors were identified based on the existing research background, and these factors became the final 14 factors 

after completing the three Delphi steps.  

 

Key words: Energy management, Decision-making, Sustainability, Fuzzy Delphi Method. 

 

 

INTRODUCTION 

 

Energy management in residential buildings includes points related to the planning and operation of 

energy production and consumption units, to the proper distribution and storage of energy in the 

residential building. While users have constant access to the energy they need, other goals such as 

climate protection, resource protection, and energy saving should be pursued. Energy management of 

residential buildings is closely related to environmental management, production management, 

procurement and other business functions of construction management. Energy management is the 

systematic, active and organized coordination of the provision, conversion, distribution and use of 

energy to meet the needs of customers, taking into account environmental and economic goals. It is 

used for specific political, economic and environmental goals through the optimization of energy 

efficiency and the systematic use of engineering and management techniques (Khalil, 2021). Energy 

management decisions involve multiple knowledge bases, such as social, physical, technological, 

political, and economic, and generally have complex procedures. Energy management decision makers 

use several experimental tests, computational models, and tools for risks related to environmental 

issues, the effects of some strategies on reducing risks, evaluating human health, along with 

environmental stressors. With these descriptions, in such decisions to integrate heterogeneous and 

uncertain information, there is a need for expert judgment and a systematic framework for organizing 

technical information. Multi-criteria decision making (MCDM) provides a comprehensive method that 

helps decision makers combine these inputs with stakeholder information and perspectives in order to 

identify and rank all decision alternatives (Mardani et al., 2017). 

 

In Iran, there is little research on sustainability assessment tools. For instance, Namini et al. (2014) 

introduced the sustainability assessment tool based on new criteria for residential buildings in Iran as a 
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reference for developing categories and a guideline for defining a framework for evaluating different 

stages of construction, considering the "project management body of knowledge". In addition, to 

describe the perspectives of sustainable architecture in Iran, Nemati et al. (2017) tried to develop a 

theoretical model. Finally, Kamranfar et al. (2022) implements a green construction development 

paradigm to identify and rank barriers for a case study in Tehran, Iran. To try to design a green 

building using clean energy and natural spaces, this paper proposes new solutions by reducing 

environmental problems. 

 

 

ENERGY MANAGEMENT 

 

In the past several decades, due to the rapid social and economic development, energy management 

problems have always been the concern of national and local governments around the world (Ming et 

al., 2013). When energy management issues increase, public health and regional sustainable 

development and ultimately the economic growth of countries are affected and their obligations 

increase. Demand for regional development progress has increased as well as public awareness of 

energy problems, thus placing increasing pressures on energy planners and decision makers to respond 

more strongly to a number of energy concerns. As a result, in order to promote effective energy 

management practices, it is useful and necessary to identify decision-making protocols with 

environmental and socio-economic efficiency. In environmental management systems, a number of 

factors must be considered by planners and decision makers, including issues such as environmental 

protection and resource protection, and social, economic, technical, institutional, and political issues. 

With the uncertainties in the related system components, the complexities in making the desired 

environmental management decisions may be exacerbated. Moreover, such uncertainties and 

complexities may be amplified by the potential for economic penalties and not only by interactions 

and dynamics among different subsystems. 

 

 

FUZZY DELPHI METHOD 

 

In this research, we integrated the Delphi method and fuzzy logic theory to create an evaluation model. 

First, we adopted the group Delphi method as a basis for quality analysis, for group decision-making, 

and then fuzzy logic theory was used to quantify human semantic technology, and it was used to 

complete the theoretical framework of the model. Delphi experts assisted in the development of the 

evaluation model during this study. Usually, the best alternative is selected based on the ranking order 

by decision makers with a selective MCDM method, while different MCDM methods often produce 

different results for ranking a set of alternative decisions. In evaluating indicators for Energy 

Management in residential buildings process in Iran, a new model that covered the most important 

criteria presented. The objective of this research is to develop an indicators ranking model. In this 

regard, used FDM to obtain the weight for indicators of the model by decision maker. In this article, 

for solving group decisions and document criteria screening, triangular membership functions and 

fuzzy theory are used using the fuzzy Delphi method. The fuzziness of the common understanding of 

experts in different scales can be solved and evaluated using fuzzy theory. In this study, Zariah Fazi 

entered the Delphi method by integrating with the views of many researchers. In this study, triangular 

fuzzy computing is used to improve the problems faced by the traditional Delphi method, to integrate 

experts' recommendations, and then test the convergence effect recognized by experts, which refers to 

the "Gray area test method".  

 

 

FINDINGS 

 

The panel of experts of this research includes experienced engineers and managers in Iran who have 

expertise and experience in energy management in residential buildings. Also, the size of the panel of 

experts based on the backgrounds of existing Delphi-based researches was obtained by 15 experts. The 

snowball sampling method was used to select experts. The questionnaire questions are related to 
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energy management. In the first stage of using the fuzzy Delphi method, experts should be selected 

and explained about the topic, method and duration of the research. To be According to the mentioned 

characteristics, 15 experts were selected as a sample and the initial preparation for the implementation 

of the plan was made for them. In order to respond, the most important indicators affecting the energy 

management of residential buildings were identified from the studied sources and articles. Then, a 

questionnaire based on the research literature with 26 primary indicators extracted from the studied 

sources was sent to the members of the expert group. These 26 indicators are shown in Table 1. 

 

Table 1: Extracted Indicators 
Indicators 

Energy consumers' participation Buying energy at a lower price 

Standardization of energy facilities  Insulation of building walls 

Thermal energy recovery device Optimization of materials for heating 

Using modern electrical equipment Apartment floor insulation 

Reducing overall energy consumption 
Time correlation between energy production and 

consumption 

Building energy balance Using the package in the building 

Energy balance between buildings Optimization in hardware and software 

Double glazing windows Energy meter for heating 

More use of sunlight Reduction of peak energy demand 

More use of wind energy Use of renewable energy 

Energy optimization in the engine room of the building Reducing energy losses 

Optimization of building materials for cooling Energy storage in the building 

Increasing the efficiency of energy equipment Reduction of greenhouse gases 

 

Experts also have different mentalities, because they have different characteristics, the analysis of 

variables is worthless, if the options are answered based on different mentalities. But experts will 

answer the questions with the same mindset by defining the range of qualitative variables. Therefore, 

qualitative variables are defined as trapezoidal fuzzy numbers (Grzegorzewski & Mrówka, 2005) 

according to low (0,0,2,4), medium (3,4,6,7), high (6,8, 10,10). Although trapezoidal fuzzy numbers 

have a more complicated calculation process than triangular fuzzy numbers, they can carry more 

ambiguity in verbal and qualitative variables. The desired questionnaire was designed according to the 

proposed options and the definition of linguistic variables. Table 2 shows the results of the 

examination of the answers to the questionnaire. Based on the results of Table 2, the average 

importance of the indicators is calculated according to the following relationships (Cheng and Lin, 

2002): 
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At this stage, the experts have been asked to choose the importance of the Indicators in the form of 

low, high, medium options. We also converted the obtained fuzzy numbers into definite numbers 

through the Minkowski formula: 
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Table 2: The results of counting the responses of the Round 1 
Indicators low medium high 

Energy consumers' participation 0 1 14 

Standardization of energy facilities 0 0 15 

Thermal energy recovery device 3 4 8 

Using modern electrical equipment 0 3 12 

Reducing overall energy consumption 1 2 12 

Building energy balance 1 2 12 

Energy balance between buildings 3 6 6 

Double glazing windows 1 2 12 

More use of sunlight 2 3 10 

More use of wind energy 3 4 8 

Energy optimization in the engine room of the building 1 2 12 

Optimization of building materials for cooling 0 3 12 

Increasing the efficiency of energy equipment 0 3 12 

Buying energy at a lower price 4 5 6 

 Insulation of building walls 1 2 12 

Optimization of materials for heating 0 5 10 

Apartment floor insulation 3 6 6 

Time correlation between energy production and consumption 4 3 8 

Using the package in the building 0 5 10 

Optimization in hardware and software 0 0 15 

Energy meter for heating 0 3 12 

Reduction of peak energy demand 0 3 12 

Use of renewable energy 3 6 6 

Reducing energy losses 0 0 15 

Energy storage in the building 3 6 6 

Reduction of greenhouse gases 1 2 12 

 

Table 3: The average opinions of experts from the Round 1 

Indicators Importance 
De-fuzzified 

average 

Energy consumers' participation (5.8,7.8,9.7,9.8) 9.6 

Standardization of energy facilities (6,8,10,10) 9.9 

Thermal energy recovery device (3.8,4.5,5.8,7.7) 6.2 

Using modern electrical equipment (5.5,7.3,9.3,9.5) 9.1 

Reducing overall energy consumption (4,5.5,7.8,8.4) 7.3 

Building energy balance (4.8,6.4,8.4,8.8) 7.4 

Energy balance between buildings (3.1,4.7,6.2,7.9) 6.9 

Double glazing windows (4,5.5,7.8,8.4) 7.3 

More use of sunlight (3.8,5.7,7.1,8.2) 6.8 

More use of wind energy (3.8,4.5,5.8,7.7) 6.2 

Energy optimization in the engine room of the building (4,5.5,7.8,8.4) 7.3 

Optimization of building materials for cooling (5.5,7.3,9.3,9.5) 9.1 

Increasing the efficiency of energy equipment (5.5,7.3,9.3,9.5) 9.1 

Buying energy at a lower price (3,5.2,6.1,7.2) 6.3 

 Insulation of building walls (4,5.5,7.8,8.4) 7.3 

Optimization of materials for heating (4.8,6.5,7.3,8.8) 8.1 

Apartment floor insulation (3.1,4.7,6.2,7.9) 6.9 

Time correlation between energy production and consumption (3.8,4.5,5.8,7.7) 6.2 

Using the package in the building (4.8,6.5,7.3,8.8) 8.1 

Optimization in hardware and software (6,8,10,10) 9.9 

Energy meter for heating (5.5,7.3,9.3,9.5) 9.1 

Reduction of peak energy demand (5.5,7.3,9.3,9.5) 9.1 

Use of renewable energy (3.1,4.7,6.2,7.9) 6.9 

Reducing energy losses (6,8,10,10) 9.9 

Energy storage in the building (3.1,4.7,6.2,7.9) 6.9 

Reduction of greenhouse gases (4,5.5,7.8,8.4) 7.3 
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According to Tables 2 and 3, the disagreement of each expert can be calculated according to equation 

(3) (Cheng and Lin 2002). In fact, based on this relationship, each of the experts can measure their 

opinion with the average opinion and adjust their previous opinions if they wish. 
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Using equation (3), the difference of experts' opinions was calculated and adjusted in a questionnaire. 

Then, each of the experts announced new opinions based on the re-evaluation of their previous 

opinion. The result of this step is shown in Tables 4. 

 

Table 4: The results of counting the responses of the Round 2 
Indicators low medium high 

Energy consumers' participation 0 0 15 

Standardization of energy facilities 0 0 15 

Thermal energy recovery device 4 5 6 

Using modern electrical equipment 0 3 12 

Reducing overall energy consumption 0 3 12 

Building energy balance 4 5 6 

Energy balance between buildings 3 6 6 

Double glazing windows 1 2 12 

More use of sunlight 2 3 10 

More use of wind energy 3 6 6 

Energy optimization in the engine room of the building 1 2 12 

Optimization of building materials for cooling 0 3 12 

Increasing the efficiency of energy equipment 0 3 12 

Buying energy at a lower price 4 5 6 

 Insulation of building walls 1 2 12 

Optimization of materials for heating 4 5 6 

Apartment floor insulation 4 5 6 

Time correlation between energy production and consumption 4 3 8 

Using the package in the building 0 3 12 

Optimization in hardware and software 0 0 15 

Energy meter for heating 0 3 12 

Reduction of peak energy demand 0 3 12 

Use of renewable energy 4 5 6 

Reducing energy losses 0 0 15 

Energy storage in the building 3 6 6 

Reduction of greenhouse gases 4 5 6 

 

According to the results of the differences obtained, it is clear that there is no consensus among 

experts on some Indicators; but in most cases consensus has been reached. Thus, in the case of 

Indicators whose de-fuzzified average is less than 7 and the difference is less than 0.2, which Indicator 

is removed, and in the case of Indicators whose de-fuzzified average is more than 7 and the difference 

is less than 0.2, it is Indicator is determined as final Indicator (Mirspasi et al., 2019). In the Table 5, 

the risks removed and confirmed up to this stage are specified. 

 

According to the final comments determined in the above table, the assignment of 8 Indicators will be 

determined in the next round. Also, among the 18 assigned Indicators at this round, 7 Indicators were 

removed and 11 Indicators were approved. It can be concluded that there is a good consensus among 

the experts, because the average difference of all indicators is less than 0.2, so there is no need to refer 

the questionnaire again and finally the weight of the indicators is calculated (Table 6). 
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Table 5: The results obtained from the Round 2 

Indicators 
difference of 

opinion 
Decision 

Energy consumers' participation 0.3 Next Round 

Standardization of energy facilities 0 Accept 

Thermal energy recovery device 0.1 Reject 

Using modern electrical equipment 0 Accept 

Reducing overall energy consumption 1.8 Next Round 

Building energy balance 1.1 Next Round 

Energy balance between buildings 0 Reject 

Double glazing windows 0 Accept 

More use of sunlight 0 Reject 

More use of wind energy 0 Reject 

Energy optimization in the engine room of the building 0 Accept 

Optimization of building materials for cooling 0 Accept 

Increasing the efficiency of energy equipment 0 Accept 

Buying energy at a lower price 0 Reject 

 Insulation of building walls 0 Accept 

Optimization of materials for heating 1.8 Next Round 

Apartment floor insulation 0.6 Next Round 

Time correlation between energy production and consumption 0 Reject 

Using the package in the building 1 Next Round 

Optimization in hardware and software 0 Accept 

Energy meter for heating 0 Accept 

Reduction of peak energy demand 0 Accept 

Use of renewable energy 0.6 Next Round 

Reducing energy losses 0 Accept 

Energy storage in the building 0 Reject 

Reduction of greenhouse gases 1 Next Round 

 

Table 6: The results of the Round 3 

Indicators 
difference of 

opinion 
Decision 

Energy consumers' participation 0 Accept 

Reducing overall energy consumption 0 Accept 

Building energy balance 0 Reject 

Optimization of materials for heating 0 Reject 

Apartment floor insulation 0 Reject 

Using the package in the building 0 Accept 

Use of renewable energy 0.1 Reject 

Reduction of greenhouse gases 0.1 Reject 

 

Among the 26 extracted Indicators, 14 cases made it to the final round of analysis and 12 cases were 

eliminated according to the opinion of specialists and experts, as follows: 

− Energy consumers' participation, 

− Standardization of energy facilities, 

− Using modern electrical equipment, 

− Reducing overall energy consumption, 

− Double glazing windows, 

− Energy optimization in the engine room of the building, 

− Optimization of building materials for cooling, 

− Increasing the efficiency of energy equipment, 

− Insulation of building walls, 

− Using the package in the building, 
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− Optimization in hardware and software, 

− Energy meter for heating, 

− Reduction of peak energy demand, 

− Reducing energy losses. 

 

 

CONCLUSION 

 

In short, replacing energy requires decision-making, thinking and planning, and finally investment. It 

is also necessary for international institutions to provide appropriate financial support for new energy 

conversion programs. Apart from this, development requires more technological progress and this goal 

can be achieved through increasing research programs and also through extensive technical 

cooperation at the world level, and this requires intelligent thinking and correct ideas. The use of solar 

energy, wind, ground heat, etc. can be used not only individually but also in combination at the same 

time. Finally, fossil fuel subsidies are a global obstacle in the development of renewable systems. 
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ABSTRACT  

 

Global market conditions have necessitated significant changes in how companies within the tourism and 

hospitality industry operate, compelling them to adapt to emerging trends and evolving customer expectations in 

order to remain competitive. The customer experience reflects how tourists perceive the service provided by a 

chosen hotel, travel agency, or any other organization within the industry. The challenges faced by organizations 

in this sector are significant, and therefore, the application of both international standards and digital 

technologies, including artificial intelligence, must be used as strategic tools in business operations. The authors 

of this paper aim to highlight the importance of these tools in shaping a positive customer experience within the 

tourism and hospitality sectors. Implementing these strategic tools in the tourism and hospitality industry offers 

significant benefits, as they effectively tackle key challenges in delivering a high-quality customer experience — 

including user data security, the ability to create personalized customer experiences, physical and health safety of 

tourists and their peace of mind during their stay, food safety, minimizing the chances of lost luggage, 

streamlined transportation to desired destinations, and more. These are new growth models in the tourism and 

hospitality industry that must be fully embraced; otherwise, the market battle with competitors that have timely 

adapted to the new demands will be lost. 

 

Key words: customer experience, standardized technologies, business quality, competitiveness 

 

 

INTRODUCTION 

 

Since the late 1990s, the business environment has been undergoing permanent changes driven by 

rapid technological development, shifts in competitive relations, and the effects of the global 

economic crisis of 2008. The world is entering a new stage of economic globalization, where national 

economies have become closely interconnected and must continuously monitor and respond to the 

challenges and dynamics of this evolving business landscape. At the micro level, business 

organizations must develop new operational models in response to observed and anticipated 

environmental changes in order to maintain long-term competitiveness and ensure sustained growth 

dynamics (Đorđević et al., 2016, p. 120). 

 

Today, hotel organizations must prioritize top-quality service, technological innovation, and business 

digitalization, as well as sustainable operations, as these factors create the foundation for delivering a 

high-quality customer experience. Additionally, hotel organizations must place significant emphasis 

on the professional development of their employees, as this prepares them for emerging trends in the 

hospitality industry and enables them to contribute to a superior customer experience. 

 

The use of ICT in the tourism and hospitality industry is on the rise, with the goal of achieving 

customer satisfaction through the quality of services offered. In practice, organizations in this industry 

are increasingly utilizing digital media, social networks, and similar tools to communicate more 

quickly and efficiently with end users and to enhance both the quality of the tourism product and the 

overall customer experience 
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The rapid digitalization of tourism and hospitality has revealed that many companies were unprepared 

for the new ICT trends in their operations. New customer demands related to Internet search 

capabilities and online accommodation booking have led to more flexible business practices in tourism 

companies compared to those in other industries. Additionally, new technological advancements and 

trends have influenced both end-user satisfaction and the quality of tourism services. 

 

Customer experience (CX) is increasingly mediated—and even enhanced—by technology. Hotels are 

leveraging social media engagement and artificial intelligence to understand customer behaviour 

across various market segments and at different stages of the decision-making process. ICT also 

empowers hospitality companies to personalize their offerings based on contextual customer data 

collected through various electronic means (Buhalis et al., 2023, p. 702). 

 

 

CHALLENGES OF CUSTOMER EXPERIENCE IN THE TOURISM INDUSTRY 

 

CX, or customer experience, encompasses everything a company or organization does to put 

customers first—managing their journey and meeting their needs. At its core, CX involves all the 

actions an organization takes to create exceptional experiences, deliver value, and drive customer-

focused growth. This has become crucial in an era where the way a company delivers its services is 

just as important—if not more so—than the actual products and services it offers. In today’s digital 

world, where customers track information and share their experiences with companies on public 

platforms, it has become essential for businesses to connect with customers on an emotional level 

throughout their journey. (Mckinsey, 2022). 

 

Customer experience is one of the fundamental pillars of business operations in the tourism and 

hospitality industry and is a decisive factor in a guest's decision to return to a particular tourist 

destination, hotel, restaurant, and so on. Hotel organizations continuously monitor customer 

experience and align their operations with guest expectations. According to Apostol et al. (2023, p. 17) 

exceptional customer experiences are essential in the modern hospitality and tourism sector for 

attracting customers and gaining a competitive advantage. 

 

The business strategy of tourism and hospitality organizations must be focused on the continuous 

improvement of customer experience through the following three segments: innovation, personalized 

service, and the implementation of the latest trends in hospitality. 

 

According to John Iwuozor (2024), achieving a good customer experience (CX) requires an 

understanding of its core components: a) empathy, b) personalization, c) a centralized technology 

group, d) value. 

 

Personalization is an excellent tool for organizations in the process of enhancing customer experience. 

Many organizations in the tourism and hospitality sector address this issue by using digital 

technologies and artificial intelligence to better manage customer experience challenges. To create a 

strong customer experience, it is not enough for organizations to simply develop empathy or offer 

personalized services—they must also deliver substantial value. The term “value” refers to the benefits 

or advantages that a customer gains from a product or service. A good customer experience involves 

delivering exceptional value to customers, meeting their expectations, and building a positive brand 

image for the organization, and it often becomes a decisive factor for potential clients. 

 

There are several key challenges that significantly impact the overall customer experience in the travel 

and tourism industry (Aslan Patov, 2024): a) the booking process, b) organizing and managing travel 

plans, c)  the on-trip experience, d) post-trip customer support. 

 

The booking process is extremely important for the operations of organizations in the travel industry 

and it faces numerous practical challenges. Complicated or unclear reservation procedures pose 

problems for users. Additionally, the lack of real-time updates is a significant shortcoming for 
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organizations. Hidden fees are a particular issue for customers, leading to high dissatisfaction, 

increased abandonment rates, negative reviews, and the loss of potential bookings. 

 

Organizing and managing travel plans presents particular challenges, especially in the areas of poorly 

designed and executed travel plans, as well as weak communication and coordination among various 

service providers. These shortcomings often result in customer dissatisfaction, leading to negative 

feedback and missed activities. 

 

The on-trip experience is an important aspect of the travel industry, particularly in terms of reliable 

transportation, suitable accommodation, and a sufficient number of additional activities that contribute 

to a positive tourist experience at a given destination. If this process is inadequate, organizations may 

face negative customer reviews and reduced loyalty, which in turn leads to a damaged brand image 

and decreased competitiveness in the market. 

 

Post-trip support holds particular importance for customers, and organizations must approach it with 

care, as it shapes the customer’s overall perception of the company in the travel and tourism industry. 

During their journey, travellers may encounter various issues, such as poor support when they wish to 

modify their travel plans or request a refund. Inadequate response from organizations can lead to 

customer dissatisfaction, resulting in negative reviews, a high volume of refund requests, and 

significantly reduced customer loyalty. 

 

The tourism industry is closely linked to new technologies, which have significantly influenced its 

development. New trends in the tourism sector are characterized by the implementation of 

digitalization and transformation processes in the operations of organizations such as hotels, 

restaurants, tourism boards, and travel agencies. In today’s market conditions, the focus of tourism 

organizations is on creating new tourism services and products based on the use of digital 

technologies. 

 

Thanks to the application of new technologies, it is possible to enhance the customer experience in the 

tourism industry. According to (Barten Martijn), there are eight models for improving customer 

experience: Smart rooms, Chatbots and artificial intelligence, Personalization marketing, Virtual 

reality (VR), Augmented reality (AR), the Internet of Things (IoT), Robots, and User-generated 

content. 

 

Destinations, tourism organizations, tour operators, hospitality businesses, theme parks, museums, 

event organizers, and other tourism-related enterprises are increasingly turning to digital and other 

forms of technology to streamline their operations, improve interaction with their markets, become 

more competitive, and increase their revenue. Such technologies in tourism are often used to add value 

to the customer experience, as value creation in tourism is strongly linked to customer experiences 

(Hadjielias et al. 2022, p. 4). 

 

 

CUSTOMER EXPERIENCE FROM THE PERSPECTIVE OF ISO STANDARDS 

 

In modern business, characterized by digital development, constant access to information and 

communication with organizations, as well as the public expression of opinions, views, and 

experiences through the Internet and social media platforms, the way an organization delivers its 

services has become just as important—if not more so—than the products and services themselves. 

Business success now depends on delivering an exceptional customer experience, value, and growth, 

while also forming an emotional connection with customers throughout the entire customer–

organization interaction. A positive customer experience leads to higher customer satisfaction and also 

results in a threefold return for shareholders (Briedis et al., 2020). 

 

Customer experience is the internal and subjective response of a user to any direct or indirect contact 

with a company. Direct contact occurs during the purchase or use of a product or service and is 
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typically initiated by the customer. Indirect contact usually involves unplanned interactions with the 

company’s product, service, or brand presentations, and takes the form of word-of-mouth 

recommendations or criticisms, advertisements, news reports, reviews, and similar sources (Schwager 

et al., 2007). Customer satisfaction is the primary outcome of the customer experience and is defined 

as the fulfillment of expectations. The extent to which customer expectations are met is a fundamental 

indicator in the tourism and hospitality industry (Moliner et al, 2019). By applying standardized 

practices and continuously improving the customer experience, customer delight is achieved. As a 

business goal, this delight ensures that customers are satisfied and value every aspect of a product or 

every element of a service, as well as every point of contact with the company. The business value 

achieved in this way includes customer retention, loyalty, increased sales volume, higher revenue, and 

reduced average cost per unit of product or service sold (Antić Zorana, 2024, p. 182). 

 

ISO standards serve as a foundation that enables organizations to create repeatable, scalable, and 

sustainable interactions with customers in the following ways (Myszkowski, M):  

− Global consistency: ISO standards provide a consistent framework that transcends cultural and 

regional differences in customer experience practices. 

− Benchmarking and improvement: They enable companies to measure their performance against 

best international practices, identifying areas for improvement. 

− Building credibility: Compliance with ISO standards can enhance a company's reputation, 

instilling trust among customers and stakeholders that the company takes the concept of 

customer experience seriously. 

 

When discussing ISO standards in the tourism industry, they can be categorized into several 

interconnected groups. The fundamental standards in this industry include ISO 9001:2015 and ISO 

14001:2015, which, in some hotel chains (e.g., Hilton), are mandatory for all hotels within the 

international chain. When it comes to customer safety, several standards address this issue from 

different perspectives: ISO 27001:2022 (data security), ISO 22000:2018 (food safety), and ISO 

45001:2018 (occupational health and safety for both employees and customers). There are also 

standards that address the growing trend of digital technology implementation, such as: ISO/IEC 

42001:2023 – Information technology — Artificial intelligence — Management system, ISO/IEC 

20546:2023 – Information technology — Big data — Overview and vocabulary, ISO 17789:2014 – 

Information technology — Cloud computing — Reference architecture, among others. The second 

group of international standards relates specifically to the tourism sector, such as: ISO 18513:2021, 

ISO 13009:2015, ISO 13687:2017, ISO 18065:2015, ISO 17680:2015, ISO 13810:2015, etc. The third 

group of international standards focuses on customer satisfaction, and a portion of these will be 

presented in the following section. 

 

The international standard ISO 9001 places customer requirements, needs, and expectations at its core. 

It promotes the principle of customer focus and specifies requirements primarily aimed at building 

confidence in the products and services provided by an organization, thereby enhancing customer 

satisfaction. 

 

The ISO 10000 series on Quality Management – Customer Satisfaction encompasses standardized 

practices aimed at increasing customer trust in the organization, enhancing understanding of customer 

expectations,  handling complaints within organizations, resolving disputes externally, monitoring and 

measuring customer satisfaction with guidance for improvement actions, boosting consumer 

confidence, improving the organization’s ability to meet customer needs and reduce complaints. 

 

Within the ISO 10004 standard – Guidelines for Monitoring and Measuring, customer satisfaction is 

defined as the gap between the customers’ expectations and their perception of the product or service 

delivered by the organization, as well as other aspects of the organization as a whole. To achieve 

customer satisfaction, an organization must first understand customer expectations. These expectations 

may be explicit, implicit, or not fully articulated. They form the primary foundation for the products 

and services that are subsequently planned and delivered. The level of customer satisfaction is 
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determined by the extent to which the customer believes the delivered product or service, along with 

other organizational aspects, meets or exceeds their expectations (ISO, 2018).  

 

When it comes to the customer experience of tourism services, it reflects a personal evaluation of 

multiple interactions with elements of the tourism service throughout all three stages: before, during, 

and after the use of the service (Lemon et al., 2016). Every step in the interaction with the tourism and 

hospitality industry (the tourist journey) influences the tourist’s experience, and it is the result of 

mutual relationships and interactions between the customer, employees, and other stakeholders 

(Kandampully et al., 2018). Thus, the customer experience in tourism services does not stem solely 

from food, beverages, entertainment, or attractions, but also from countless supporting functions and 

processes (Kandampully et al., 2018), such as websites, technology, online communication, direct 

interaction, facility design, interactions with service staff and other guests, or the transportation 

required to reach the destination. 

 

The concept of the travel experience, as represented through the customer experience of tourism 

services, is driven by the creation of memorable moments and the consumption of tourism and related 

products. These not only provide experiences for the traveler but also evoke emotions when travelers 

engage—either directly or indirectly—with the organization, the product, and the environment. 

Therefore, customer experience can be described as a combination of cognitive and affective 

components. (Adhikari et al., 2016). 

 

The customer experience of tourism services is considered a key differentiating factor in markets 

where gaining a competitive advantage is a challenging task (Lemon et al., 2016). A study by Chapple, 

et al (2023, p.19), conducted by McKinsey, revealed that the primary reason customers cite when 

choosing a future travel operator is not value, quality, or convenience, but rather ”positive past 

experiences with the brand.” 

 

Precursors of customer experience can be classified into five factors (Kim, H et al, 2022): motivational 

drivers, social and behavioural drivers, cognitive drivers, value-based drivers, and technological 

drivers. 

 

The highest standards of customer experience are more easily established, maintained, and improved 

through the application of international standards, especially when delivering an exceptional  customer 

experience is a strategic commitment of the organization. 

 

 

CONCLUSION 

 

A good tourist customer experience represents a significant challenge faced by organizations in the 

tourism industry. Customer experience represents the interaction customers have with the hotel they 

are staying in or with another tourism-related organization. Critical points for tourism organizations in 

delivering a good customer experience may include: the speed of booking accommodation or 

transportation, the level of travel coordination, on-trip experiences, and post-trip support. 

 

These are the reasons why organizations in the tourism industry have found solutions both in the 

application of digital technologies and artificial intelligence, as well as in the implementation of 

international standards. The use of digital technologies and artificial intelligence has brought 

significant benefits to the tourism industry, including: the ability to quickly process user data and 

create a personalized user experience, reducing delays at border crossings, minimizing the risk of lost 

luggage, enhancing guest safety, and fostering a sense of ease and peace of mind during travel 

activities, among others. 

 

In today’s globally competitive environment, quality has become a crucial factor for businesses in the 

tourism industry. This growing emphasis on quality is influenced by several key trends: increasing 

consumer awareness of how user feedback shapes organizational success, the rapid integration of 
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digital technologies and artificial intelligence to meet customer expectations, and a heightened 

recognition among tourism organizations of quality as a vital source of competitive advantage and a 

powerful driver of positive customer experiences. 

 

Implementing international standards for management systems offers numerous benefits to tourism 

organizations. These include a deeper understanding of the organizational context, effective 

measurement and continuous improvement of customer satisfaction, improved risk management, 

enhanced data security, and the development of employee competencies. Together, these elements 

play a pivotal role in improving the overall tourist experience and strengthening the competitive 

position of tourism enterprises. 
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ABSTRACT 

  

The Vehicle Routing Problem (VRP) is a fundamental optimization challenge in logistics and supply chain 

management, directly affecting transportation efficiency and operational costs. This paper provides a brief 

review of supply chain management (SCM) and its connection to logistics, emphasizing the importance of 

vehicle routing optimization. The study introduces VRP as a key optimization problem, outlining its role in 

minimizing delivery costs and improving distribution networks. Various VRP variants, such as Capacitated VRP 

(CVRP), are briefly presented to illustrate the problem’s complexity and real-world relevance, followed by a 

mathematical model of the CVRP. The paper explores solution methods, comparing exact, heuristic, and 

metaheuristic algorithms, and evaluating their effectiveness in solving large-scale VRP instances. Additionally, 

recent advancements integrating machine learning (ML) techniques, including reinforcement learning and deep 

learning, are highlighted, demonstrating their potential for dynamic and real-time VRP optimization. 

 

Key words: supply chain management, logistics, vehicle routing problem, metaheuristics 

 

 

INTRODUCTION 

 

In today's globalized economy, supply chain management (SCM) plays a crucial role in ensuring that 

goods and services are delivered efficiently from producers to consumers. SCM involves the 

coordination of raw materials, production processes, warehousing, and transportation to meet customer 

demands at minimal cost (Chopra & Meindl, 2019). A critical component of SCM is logistics, which 

focuses on the movement and storage of goods. Effective logistics systems reduce operational costs, 

improve service levels, and enhance overall supply chain efficiency (Christopher, 2016). 

In the digital age, businesses face challenges such as rising fuel costs, delivery delays, and increasing 

customer expectations for fast shipping (Ghiani et al., 2013). These challenges highlight the need for 

intelligent transportation planning. One of the most critical optimization problems in logistics is the 

vehicle routing problem (VRP), which seeks to find the most cost-effective routes for a fleet of 

vehicles serving multiple customers (Laporte, 2007, Braekers et al., 2016). Focusing on the 

relationship between logistics and supply chain management, this paper delves into the influence  of 

VRP on contemporary logistics operations. 

Logistics encompasses the planning, implementation, and control of the movement and storage of 

goods. The key components of logistics include (Rushton et al., 2017): 
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─ Transportation: ensuring goods move efficiently between suppliers, manufacturers, and 

customers. 

─ Warehousing: storing products before distribution to balance supply and demand. 

─ Inventory: maintaining optimal stock levels to prevent shortages or overstocking. 

─ Distribution: the layout of suppliers, warehouses, and delivery points. 

 

A well-structured logistics system enhances cost efficiency, timely deliveries, and customer 

satisfaction. On the other hand, inefficient logistics can lead to higher costs, delays, and customer 

dissatisfaction. 

Modern supply chains rely on advanced analytics and optimization techniques to enhance logistics 

operations. As transportation is a significant contributor to logistics costs, route optimization has 

become a key focus area, leading to the introduction of VRP. 

 

 

OPTIMIZATION IN LOGISTICS 

The transportation sector accounts for a significant portion of supply chain costs, making optimization 

a necessity (Coyle et al., 2016). Companies aim to reduce transportation costs by achieving the 

following goals (McKinnon et al. 2015, Chopra & Meindl, 2019, Crainic & Laporte, 2016): 

─ Minimizing fuel consumption to enhance cost efficiency and reduce environmental impact 

─ Reducing delivery times to improve customer satisfaction and meet just-in-time (JIT) demands 

─ Optimizing fleet utilization by balancing vehicle capacity and demand to lower operational 

expenses 

─ Enhancing last-mile delivery efficiency. 

 

Two well-known optimization problems in logistics that address such challenges are: 

─ The Traveling Salesman Problem (TSP): Finding the shortest possible route that visits a set of 

locations exactly once before returning to the starting point. This classic problem serves as the 

foundation for many logistics and routing challenges (Applegate, 2006). 

─ The Vehicle Routing Problem (VRP): A generalization of TSP, where multiple vehicles must 

serve multiple customers while minimizing overall travel cost. VRP plays a critical role in 

large-scale distribution operations by improving operational efficiency, environmental 

sustainability, and customer service quality (Toth & Vigo, 2014). 

 

The VRP is particularly relevant for businesses with large-scale distribution operations, as it directly 

impacts operational costs, environmental sustainability, and customer service quality 

(Konstantakopoulos, et al. 2020). 

 

 

VEHICLE ROUTING PROBLEM (VRP) 

 

Vehicle Routing Problem (VRP) is a combinatorial optimization problem that seeks to determine the 

most efficient routes for a fleet of vehicles delivering goods to a set of customers. As illustrated in 

Figure 1, each node represents a customer, and vehicles, starting from a central depot, must deliver 

goods to each customer before returning to the depot. Similar to the TSP, the VRP belongs to the class 

of NP-hard optimization challenges, meaning that as the number of customers increases, the 

computational complexity grows exponentially, making exact solutions impractical for large instances 

(Laporte, 2007, Braekers et al., 2016).  
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Figure 1: Vehicle routing problem (CVRP 2018) 

 

According to the comprehensive reviews in Konstantakopoulos, et al. 2020 and Braekers et al., 2016, 

there are a number of variants of VRP that affect the complexity of the problem itself. Some of the 

most popular VRP variants are: 

─ Capacitated VRP (CVRP) – Classical VRP variant. CVRP seeks to determine the optimal set of 

delivery routes for a fleet of identical vehicles, each constrained by a maximum capacity. Each 

vehicle must serve a subset of customers, ensuring that: (i) every customer is visited exactly 

once, (ii) all routes begin and end at a central depot, and (iii) vehicle capacity is not exceeded. 

The objective is to minimize total travelling cost (Braekers et al., 2016, Chen et al. 2021). 

─ VRP with Time Windows (VRPTW) – Customers specify time slots for deliveries, requiring 

strict scheduling to avoid penalties. 

─ Split Delivery VRP (SDVRP) – Allows multiple deliveries to the same customer by different 

vehicles, increasing flexibility and load balancing. 

─ Heterogeneous Fleet VRP (HFVRP) – Uses a mixed fleet with different vehicle capacities and 

costs, optimizing vehicle selection and routing. 

─ Multi-Depot VRP (MDVRP) – Goods are dispatched from multiple depots instead of a single 

central hub, requiring depot assignment optimization. 

─ Open VRP (OVRP) – Vehicles do not return to the depot after completing deliveries, which is a 

useful variant for outsourced transportation services. 

─ Multi-Trip VRP (MTVRP) – Vehicles can perform multiple trips within a working day, 

maximizing efficiency under capacity constraints. 

─ VRP with Pickups and Deliveries (VRPPD) – Vehicles must transport goods both to and from 

customers, often applied in reverse logistics. 

─ Two-/Three-Dimensional VRP (2D/3D-VRP) – Accounts for package dimensions and stacking 

constraints, ensuring feasible vehicle loading. 

─ Truck and Trailer VRP (TTVRP) – Some customers require only a truck, while others can be 

served with a truck and trailer combination. 

─ Green VRP (GVRP) – Focuses on minimizing fuel consumption and CO₂ emissions, often 

employing electric or hybrid vehicles. 

─ Stochastic and Dynamic VRP (SVRP/DVRP) – Deals with uncertain demand or travel 

conditions, adapting routes dynamically in real-time. 

─ Periodic VRP (PVRP) – Routes are planned over multiple days or weeks instead of a single 

time period. 

─ Consistent VRP (ConVRP) – Aims to maintain consistency in vehicle assignments and delivery 

schedules, improving customer satisfaction. 

─ Collaborative VRP (CoVRP) – Involves multiple companies or logistics providers sharing 

transportation resources to reduce costs. 
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─ Multi-Echelon VRP (MEVRP) – Goods pass through intermediate facilities (e.g., warehouses) 

before reaching customers, adding complexity to routing. 

 

 

SOLUTION METHODS OF VRP 

 

The VRP has been extensively studied in the literature, leading to the development of various solution 

methods categorized into exact, heuristic, and metaheuristic approaches (Zhang et al. 2021, 

Konstantakopoulos, et al. 2020, Braekers et al., 2016). Exact algorithms such as branch-and-bound 

guarantee optimal solutions but become computationally impractical for large-scale instances due to 

exponential complexity (Konstantakopoulos, et al. 2020). 

 

To address the computational challenges, heuristic algorithms have been developed, including the 

nearest neighboring methods, and various local search techniques. These methods provide near-

optimal solutions in reasonable time frames but do not guarantee global optimality 

(Konstantakopoulos, et al. 2020, Muriyatmoko et al. 2023). 

 

The most effective approaches for large-scale VRPs are metaheuristic algorithms. Metaheuristic 

algorithms, or metaheuristics in short, represent the high-level optimization techniques designed to 

efficiently explore large solution spaces, balancing exploitation (local search) and exploration (global 

search) to avoid local optima. Unlike exact algorithms, metaheuristics are stochastic algorithms which 

do not guarantee an optimal solution but provide high-quality approximations within reasonable 

computational time, making them ideal for complex combinatorial problems such as the VRP (Talbi, 

2009). Their adaptability and hybridization have led to state-of-the-art applications in logistics, 

scheduling, and artificial intelligence (Blum & Roli, 2003, Mirjalili, 2019). Metaheuristics encompass 

a wide range of algorithms, from traditional methods such as tabu search, simulated annealing, ant 

colony optimization, and genetic algorithms, to swarm intelligence-based methods, such as grey wolf 

optimizer, particle swarm optimization, whale optimization algorithm, and many others. According to 

(Mirjalili et al. 2020), all algorithms belong to the field of evolutionary computation, a subdomain of 

computational intelligence that focuses on nature-inspired optimization techniques. 

 

 
Figure 2: Metaheuristics as a part of evolutionary computation (Mirjalili et al. 2020) 

 

Tabu search algorithm (Glover, 2003) utilizes a memory-based strategy to escape local optima. 

Simulated annealing mimics the gradual cooling of metals to probabilistically accept worse solutions 

in early iterations, enhancing global exploration (Kirkpatrick et al. 1983, Talbi, 2009). Genetic 

algorithms (Mirjalili, 2019) are inspired by natural selection, rely on crossover and mutation operators 

to iteratively evolve a population of solutions, making them highly effective for combinatorial 

problems such as the VRP (Baker et al. 2003). Particle swarm optimization (PSO) simulates the 

movement of particles in a search space, adjusting their positions based on individual and group best-

known solutions (Tan et al. 2023). Additionally, hybrid heuristics that combine multiple algorithms 

have gained popularity, as they leverage the strengths of different approaches to improve solution 

quality and computational efficiency (Arifuddin et al. 2023). 

 

Recent studies are increasingly considering machine learning (ML) techniques to solve the VRP, 

enhancing traditional optimization methods by learning from historical data and improving real-time 
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decision-making (Bengio et al. 2021, Mesa et al. 2025). In logistics, ML-driven VRP solutions help 

predict delivery times, optimize dynamic routing based on traffic conditions, and adapt to demand 

fluctuations, leading to cost and time savings (Nazari et al., 2018). Advanced techniques, such as 

reinforcement learning and deep learning, are now being integrated with metaheuristics to improve 

route planning in large-scale, real-world logistics networks (Nazari et al., 2018, Chen & Tian 2019, 

Kool et al. 2019). 

 

 

CONCLUSION 

 

This study provided a brief review of popular Vehicle Routing Problem (VRP) and its significance in 

logistics and supply chain management, focusing on optimization strategies to improve cost efficiency 

and service quality. As derived from the traditional travelling salesman problem from the point of its 

complexity, VRP is introduced with its different variants. Classical capacitated vehicle routing 

problem CVRP) is shortly described and its mathematical model is given. As solution methods for 

solving the VRP and its variants, techinques such as exact algorithms, heuristics and metaheuristics 

are proposed. While exact algorithms ensure optimality, their practical limitations in large-scale 

scenarios necessitate the use of heuristic and metaheuristic approaches, which offer high-quality 

approximations with reasonable computational effort. Recent advances introduced machine learning 

techniques to further improve VRP solutions, enabling dynamic and data-driven decision-making in 

modern logistics. As businesses face growing demands for faster and more sustainable transportation, 

future research should explore hybrid approaches combining metaheuristics, artificial intelligence, and 

real-time optimization techniques to address the complexities of evolving supply chain networks. 
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ABSTRACT 

 

The study aimed to measure whole-body vibrations exposure for operators of various earthmoving machines (bulldozers, 

dumpers, excavators, bucket wheel excavators, and loaders) using the V31-A triaxial accelerometer and to survey its 

influential factors. The study then compared the obtained results for the A(8) parameter which measures average exposure 

over an eight-hour day across different types of earthmoving machines. The comparison focused on determining the 

average values, value ranges, and deviations of A(8) m/s² values by machine type. Additionally, the study compared the 

measured results with the prescribed whole-body vibrations limit values set by existing regulatory standards. Furthermore, 

the dependence of the measured whole-body vibrations values on influential factors such as the age of the earthmoving 

machines, the power of the machines, the operators’ age, experience, gender, and body mass index was analyzed. The 

research results indicated that bulldozers have the highest mean value of daily average exposure to vibration while 

excavators exhibit the widest range of daily average exposure to vibration. The findings also indicated that there is no 

correlation between the daily average exposure to vibration and the age of the earthmoving machine, the power of 

machines, or the operators’ age or body mass index. Daily average exposure to vibration exceedances occurred in both 

older and newer earthmoving machines, regardless of their power, according to the ISO 2631-1 standard, with statistical 

significance. The obtained research results were analyzed using correlation analysis and nonlinear models, but none of the 

models showed a significant influence of the considered factors on the daily average exposure to vibration. The 

recommendation for further research is to expand the range of influencing factors as well as the sample size and to make 

additional efforts to identify significant predictors of whole-body vibrations. 

 

Key words: whole-body vibrations, operator, earthmoving machinery, factor. 

 

 

INTRODUCTION 

 

Operators of earthmoving machines are exposed to vibrations in the workplace, which originate from various 

operational working conditions (drilling, excavating, crushing, etc.). The vibrations to which the operators are 

exposed are assessed by measuring hand-arm vibrations (HAV) and whole-body vibrations (WBV), whose 

permissible limit values are regulated by legal frameworks (EU Directive 2002/44/EC) and the ISO 2631-1 

standard (1997). Numerous studies in the scientific and professional literature (Futatsuka et al., 1998; Cochrane 

et al., 2008; Dupuis & Zerlett, 1987; Nawayseh et al., 2019; Wikström et al., 1994; Fethke et al., 2018; Seidel, 

1993) point to potential health problems among workers exposed to vibrations. Summarized reports can be 

found, for example, in the Society of Occupational Medicine report (2023), which outlines possible acute 

(postural control, vestibular dysfunction, muscle fatigue, headache, etc.) and chronic effects (spinal column–back 

pain, sciatica, lumbar disc degeneration, neurological, cardiovascular, etc.) of vibration exposure. Health and 

Safety Executive - HSE (2005) proposed a series of recommendations for employers to prevent the risk of back 
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pain due to vibration exposure. These include operator training, regular machine maintenance, selecting 

appropriate machines during procurement (e.g., with back-supporting seats, adjustable seating, control systems 

that do not require muscular effort, easy cabin access, etc.), work planning with job rotation, monitoring 

workers’ health status, and using health monitoring results for work planning, among others. Management plays 

a key role in preventing health risks associated with the prolonged exposure of operators to harmful vibration 

effects. One of these roles involves monitoring vibration levels in existing machinery, especially in mines where 

vibrations represent one of the dominant potential risks to the health of operators (Bugarić et al., 2024; 

Spasojević et al., 2024; Misita et al., 2024). Numerous scientific research papers focused on WBV 

measurements indicate that, particularly in mining environments, the allowable exposure limits are often 

exceeded according to legal regulations (Eger et al., 2007; De La Hoz-Torres et al., 2017; Chaudhary et al., 

2015; Chaudhary et al., 2015a; Bernardo et al., 2014). The next chapter provides a brief overview of recent 

WBV research and current research directions in this field. It then presents a study conducted on 31 earthmoving 

machines from five different open-pit mines. The aim of the study is to determine whether there are exceedances 

of the WBV exposure limits recommended by the EU Directive and ISO 2631-1 standard, which are related to 

health risks for operators at vibration-exposed workplaces. Additionally, the study seeks to explore whether there 

are statistically significant influencing factors on WBV. Given that the research sample includes machines of 

different types (bulldozers, dumpers, loaders, excavators, and bucket-wheel excavators), another goal of the 

study is to compare WBV across different machine types, which could support decision-makers in prioritizing 

WBV monitoring and operator health surveillance. In parallel, the research aims to examine whether there are 

dependencies between the measured WBV values and various influencing factors such as the MA, MP in kW, 

OA, YOE, and operator BMI. Identifying influencing factors that significantly affect WBV is a key research 

direction in finding potential ways to reduce WBV through manageable factors.  

 

Previous research shows as follows. Akinnuli et al. (2018), Aye and Heyns (2011), Burström et al. (2016), 

Bernardo et al. (2014), and similar studies indicate that operators of earth-moving machinery are exposed to 

WBV levels that exceed the lower health threshold recommended by the ISO 2631-1 standard. In recent 

scientific literature, triaxial accelerometers are commonly used to monitor WBV, with sensors typically placed 

on the operator's seat. Professional triaxial accelerometers used for WBV measurement were applied by Tekin 

(2022), who used the SVAN 958 four-channel device, while Sakinala and Moparthi (2024) and Erdem et al. 

(2020) used the V106 model six-channel vibration analyser manufactured by Svantek Ltd. These and similar 

studies are focused on identifying factors influencing WBV, as well as examining the interrelations among these 

factors due to their synergistic effects. Some studies investigated the relationship between machine age and 

vibration intensity (Chaudhary et al., 2015; Mayton et al., 2014), while others explored the link between personal 

characteristics or poor posture of operators and WBV exposure (Upadhyay et al., 2021). Certain research efforts 

were directed toward improving suspension systems and seat designs to reduce vibrations (Mayton et al., 2014). 

Tekin (2022) focused on determining whether WBV values comply with current legal regulations, while Erdem 

et al. (2020) examined the same but across different work phases (e.g., loading, waiting, hauling). Tekin (2022) 

found that out of 41 heavy mining machines at three locations in Turkey, all operators were exposed to WBV 

below the permissible exposure limit prescribed by the EU Directive (1.15 m/s²). However, 44% of these 

operators were exposed to WBV above the action limit value of 0.5 m/s². Additionally, 49% of operators 

experienced WBV in the range of 0.45–0.90 m/s², which exceeds the lower health limit according to ISO 2631-

1. Matsumoto et al. (2011) discussed the factors affecting perception thresholds of vertical whole-body vibration 

in recumbent subjects, including gender, age, and vibration duration. Shibata et al. (2012) examined gender 

differences in subjective responses to whole-body vibration in a standing posture, while Dewangan et al. (2013) 

investigated the effects of gender and anthropometric characteristics on the apparent mass response of the seated 

body to vertical whole-body vibration. In this context, Sakinala and Moparthi (2024) classified the factors 

influencing WBV into the following categories: (a) personal characteristics, such as experience and body 

mass;(b) ergonomic factors, such as the posture adopted by operators during work and seat thickness; (c) 

machine characteristics, including machine age, seat-effective amplitude transmissibility, and vibration damping 

systems; (d) operational characteristics, such as road condition and speed. All of these factors, which may 

contribute to WBV mitigation, as well as their synergistic effects, are the subject of numerous ongoing studies 

(Eger et al., 2007; De La Hoz-Torres et al., 2017; Bernardo et al., 2014; Fethke et al., 2018) aimed at identifying 

optimal working conditions and improving occupational health protection for operators of earthmoving 

machinery. It is evident that the issue of WBV, despite causing a wide range of health problems for operators 

and imposing significant costs on society, remains insufficiently researched. Therefore, the objective of this 

study is well justified. The abbreviations used in this paper are given in Table 1. 
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Table 1: Abbreviation list 
Abbreviation Meaning 

HAV Hand-arm vibrations 

WBV Whole-body vibrations 

EU European Union 

HSE Health, Safety, and Environment 

BMI Body mass index 

AO Age of the operator 

MA Machine age 

MP Machine power 

H Operator’s height 

W Operator’s weight 

YOE Year of experience 

A(8) Daily average exposure to vibration 

Std Standard deviation 

CV Coefficient of variation 

R2 Coefficient of determination 

MSE Mean squared error 

KNN K-nearest neighbors algorithm 

 

Table 2: WBV measurement results 
Earthmoving 

machine 
MA 

MP 

(kW)  

AO 

(year) 

H 

(cm) 

W 

(kg) 
BMI 

 YOE 

(year) 
A(8) 

Bulldozer 2011 268 59 186 95 27.45982 40 0.62 

Bulldozer 2015 120 55 173 100 33.41241 20 0.45 

Bulldozer 2020 406 34 174 75 24.7721 14 0.5 

Bulldozer 2021 208 37 189 146 40.87232 20 0.71 

Bulldozer 2023 160 51 180 116 35.80247 8 0.55 

Bulldozer 2024 226 26 180 70 21.60494 7 0.52 

Bulldozer 2024 337 53 178 82 25.88057 20 0.46 

Dumper 2006 248 48 175 80 26.12245 23 0.45 

Dumper 2008 250 50 195 108 28.40237 20 0.53 

Dumper 2010 298 25 188 109 30.83975 6 0.44 

Dumper 2010 298 42 180 104 32.09877 22 0.43 

Dumper 2011 298 57 186 106 30.63938 32 0.29 

Dumper 2011 386 28 186 99 28.61602 6 0.47 

Excavator 2012 316 36 187 95 27.16692 18 0.53 

Excavator 2017 370 33 170 83 28.71972 13 0.26 

Excavator 2017 370 36 187 95 27.16692 18 0.4 

Excavator 2018 123 38 178 77 24.30249 12 0.26 

Excavator 2021 128.4 40 190 115 31.85596 20 0.38 

Excavator 2023 220 51 185 95 27.75749 34 0.51 

Excavator 2024 180 42 175 75 24.4898 17 0.31 

Excavator 2024 180 39 182 96 28.98201 12 0.13 

Loader 2001 162 56 172 84 28.39373 37 0.41 

Loader 2017 140 53 178 80 25.24934 26 0.56 

Loader 2017 246 23 170 110 38.06228 4 0.41 

Loader 2017 251 52 192 112 30.38194 29 0.16 

Loader 2018 129 58 175 103 33.63265 43 0.46 

Loader 2020 129 47 198 98 24.99745 31 0.53 

Loader 2020 250 28 173 100 33.41241 8 0.53 

Loader 2020 250 44 192 108 29.29688 24 0.67 

Bucket Wheel Excavator 1995 630 50 184 125 36.92108 30 0.25 

Bucket Wheel Excavator 2000 630 51 188 80 22.63468 30 0.29 

 

EXPERIMENTAL RESEARCH 

 

In this study, a triaxial accelerometer V31, manufactured by Metra Mess und Frequenztechnik in Radebeul e.K., 

was utilized. This scientific device enables the calculation of the A(8) value, which represents the equivalent 

continuous acceleration over an eight-hour period. The sample consisted of earthmoving machines from five 

locations, specifically in open-pit mines extracting quartz sand, zinc and lead, coal, marble, and granite. Table 2 

presents the results of WBV measurements using the V31 device, along with collected data on machine age (MA), 
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machine power (MP) in kW, operator age (OA), height (H) and weight (W) (used to calculate Body mass index - 

BMI), and years of experience (YOE). All operators in the research sample were male, so this variable was 

excluded from further analysis. 

 

ANALYSIS OF RESULTS 

 

For the 31 observed earthmoving machines from different locations, the descriptive statistics is as in Table 3, and 

the descriptive statistics by machine type are as in Table 4. In Figure 1, the data from Table 2 are presented to 

visualize the distribution of A(8) values among the earthmoving machines included in the study. 

 

Table 3: Descriptive statistics for all earthmoving machines  

 Count Mean Std Min Median Max CV (%) Variable type 

MA 31 2015.323 7.5648 1995 2017 2024 0.3754 nonparamater 

MP 31 264.7548 127.9253 120 250 630 48.3184 paramater 

AO 31 43.2903 10.6933 23 44 59 24.7013 paramater 

BMI 31 29.3531 4.5812 21.6049 28.616 40.8723 15.6073 paramater 

YOE 31 20.7742 10.5537 4 20 43 50.802 nonparamater 

A(8) 31 0.4345 0.1387 0.13 0.45 0.71 31.9271 nonparamater 

 

Table 4: Descriptive statistics for earthmoving machines by machine type 
Earthmoving machine  Variable Count Mean Std Min Median Max CV (%) 

Bulldozer MA (year) 7 2019.71 4.96 2011 2021 2024 0.25 

MP (kW) 7 246.43 99.57 120 226 406 40.4 

AO (year) 7 45 12.53 26 51 59 27.84 

H (cm) 7 180 5.86 173 180 189 3.26 

W (kg) 7 97.71 26.49 70 95 146 27.11 

BMI 7 29.97 6.89 21.6 27.46 40.87 22.98 

YOE (year) 7 18.43 11.04 7 20 40 59.92 

A(8) 7 0.54 0.09 0.45 0.52 0.71 17.07 

Dumper MA (year) 6 2009.33 1.97 2006 2010 2011 0.1 

MP (kW) 6 296.33 50.06 248 298 386 16.89 

AO (year) 6 41.67 12.72 25 45 57 30.53 

H (cm) 6 185 6.87 175 186 195 3.71 

W (kg) 6 101 10.88 80 105 109 10.77 

BMI 6 29.45 2.16 26.12 29.63 32.1 7.32 

YOE (year) 6 18.17 10.28 6 21 32 56.61 

A(8) 6 0.43 0.08 0.29 0.44 0.53 18.26 

Excavator MA (year) 8 2019.5 4.24 2012 2019.5 2024 0.21 

MP (kW) 8 235.92 102.25 123 200 370 43.34 

AO (year) 8 39.38 5.45 33 38.5 51 13.84 

H (cm) 8 181.75 6.88 170 183.5 190 3.79 

W (kg) 8 91.38 12.89 75 95 115 14.11 

BMI 8 27.56 2.46 24.3 27.46 31.86 8.91 

YOE (year) 8 18 7.15 12 17.5 34 39.73 

A(8) 8 0.35 0.13 0.13 0.34 0.53 38.85 

Loader MA (year) 8 2016.25 6.32 2001 2017.5 2020 0.31 

MP (kW) 8 194.62 59.3 129 204 251 30.47 

AO (year) 8 45.12 12.99 23 49.5 58 28.78 

H (cm) 8 181.25 10.96 170 176.5 198 6.05 

W (kg) 8 99.38 11.8 80 101.5 112 11.87 

BMI 8 30.43 4.46 25 29.84 38.06 14.65 

YOE (year) 8 25.25 13.37 4 27.5 43 52.95 

A(8) 8 0.47 0.15 0.16 0.5 0.67 32.28 

Bucket Wheel 

 Excavator 

MA (year) 2 1997.5 3.54 1995 1997.5 2000 0.18 

MP (kW) 2 630 0 630 630 630 0 

AO (year) 2 50.5 0.71 50 50.5 51 1.4 

H (cm) 2 186 2.83 184 186 188 1.52 

W (kg) 2 102.5 31.82 80 102.5 125 31.04 

BMI 2 29.78 10.1 22.63 29.78 36.92 33.92 

YOE (year) 2 30 0 30 30 30 0 

A(8) 2 0.27 0.03 0.25 0.27 0.29 10.48 
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Figure 1: Distribution of WB vibrations for different types of machines  

 

The comparative analysis of A(8) whole-body vibration exposure across different earthmoving machine types 

reveals notable differences in both intensity and variability. Bulldozers and loaders exhibit the highest average 

vibration levels, with mean values of 0.54 m/s² and 0.47 m/s², respectively, indicating a greater potential for 

long-term health risks. While dumpers show moderate exposure (mean: 0.43 m/s²), excavators display a wider 

range of values (0.13–0.53 m/s²) and the highest CV (38.85%), highlighting significant inconsistencies likely 

influenced by operational conditions. In contrast, bucket wheel excavators demonstrate the lowest and most 

stable vibration levels (mean: 0.27 m/s²; CV: 10.48%), suggesting they are the least hazardous in terms of 

vibration exposure. These findings underscore the importance of machine-specific assessments when 

evaluating occupational vibration risks. The analysis of the coefficients of variation for factors that may 

potentially influence of WBV indicates that the machine age (MA) does not exhibit significant variation 

across any machine type (despite observable differences in A(8) values), suggesting that MA likely does not 

have a substantial impact on vibration exposure. In contrast, the MP, BMI, AO, and YOE show notable 

variability. Interestingly, the BMI values consistently indicate that operators are generally overweight, with 

only 19.3% of operators falling within the normal body mass index range (i.e., below 25). The variables YOE 

and AO show collinearity (which was expected) (Pearson correlation: 0.834, p-value: 0.00000), so YOE was 

excluded from further analysis. Comparison of measured WBV values for the observed earthmoving 

machines in relation to the EU directive: According to EU Directive 2002/44/EC, the action limit for WBV is 

0.5 m/s². When vibrations exceed this value, appropriate measures must be taken to reduce worker exposure. 

Additionally, a limit value of 1.15 m/s² is established, which must not be exceeded during an eight-hour work 

shift. Compared to other machine types, the bulldozer shows the highest average A(8) value of 0.54 m/s², with 

71.4% of cases exceeding the EU Directive 2002/44/EC action limit, followed by the loader with an average 

of 0.47 m/s² and 50% of cases above the threshold.  

 

The dumper and excavator exhibit lower average values of 0.43 m/s² and 0.35 m/s², with 33.3% and 28.6% of 

cases exceeding the limit, respectively. In contrast, the bucket wheel excavator presents the lowest average 

A(8) value of 0.27 m/s², with no cases surpassing the action value, indicating that operators of bulldozers and 

loaders are at the greatest risk and require the most immediate implementation of vibration-reducing 

measures. Comparison of measured WBV values for the observed earthmoving machines in relation to the 

ISO 2531-1 standard: According to the ISO 2631-1 (1997) standard for the assessment of WBV, two 

threshold values are defined to indicate potential health risks: the lower limit of 0.45 m/s² – exceeding this 

value signifies the possibility of a negative health impact, and attention should be given to the duration of 

exposure and working conditions – and the upper limit of 0.9 m/s² – which indicates that vibrations above this 

value represent a high health risk and may lead to serious consequences if the exposure is prolonged. The 

analysis of the WBV results shows that the bulldozers exhibit the most concerning results, with an average 

A
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A(8) value of 0.54 m/s² and 85.7% of cases exceeding the threshold, clearly indicating a high likelihood of 

health risks for operators. The loader follows, with an average of 0.47 m/s², and 50% of cases surpass the 0.45 

m/s² limit, suggesting moderate exposure concerns. The dumper, with an average of 0.43 m/s², exceeds the 

threshold in 50% of cases, showing a comparable risk profile to loaders. The excavator has a lower average of 

0.35 m/s², with 28.6% of cases exceeding the limit, while the bucket wheel excavator, with an average of 0.27 

m/s² and 0% of cases above the threshold, presents the lowest risk. These results suggest that bulldozer and 

loader operators are most consistently exposed to potentially harmful vibration levels, warranting targeted risk 

management interventions. WBV influential factors: By testing the influencing factors (MA, MP, AO, and 

BMI) at a significance level of 0.05 using appropriate correlation tests, no significant impact on the 

occurrence of WBV was found, as shown in Table 5. 

 

Table 5: Correlation analysis 
Combination Variable Spearman Spearman p Kendall Kendall p 

All variables MP, MA, AO, BMI, YOE -0.1557 0.403 -0.1088 0.3945 

1 variable MP -0.1532 0.4105 -0.099 0.4427 

1 variable MA 0.1943 0.295 0.1438 0.2729 

1 variable AO 0.0366 0.8451 0.0307 0.8113 

1 variable BMI -0.0031 0.9867 0.0174 0.8916 

1 variable YOE 0.048 0.7977 0.0553 0.6693 

2 variables MP, MA -0.1426 0.4441 -0.1005 0.4331 

2 variables MP, AO  -0.1545 0.4067 -0.1001 0.4334 

2 variables MP, BMI -0.15 0.4205 -0.1045 0.4137 

2 variables MP, YOE -0.1485 0.4252 -0.098 0.4434 

2 variables MA, AO  0.2143 0.2469 0.1207 0.3483 

2 variables MA, BMI 0.15 0.4205 0.1001 0.4334 

2 variables MA, YOE 0.1835 0.3231 0.0996 0.4423 

2 variables AO, BMI 0.0369 0.844 0.0283 0.8248 

2 variables AO, YOE 0.0071 0.9699 0.024 0.8513 

2 variables BMI, YOE 0.0734 0.6947 0.0545 0.6702 

3 variables MP, MA, AO -0.1401 0.4521 -0.0871 0.4957 

3 variables MP, MA, BMI -0.1472 0.4294 -0.1088 0.3945 

3 variables MP, MA, YOE -0.1449 0.4367 -0.0938 0.4639 

3 variables MP, AO, BMI -0.147 0.43 -0.1045 0.4137 

3 variables MP, AO, YOE -0.1565 0.4005 -0.1024 0.4234 

3 variables MP, BMI, YOE -0.1458 0.4339 -0.0958 0.4537 

3 variables MA, AO, BMI 0.2114 0.2536 0.1262 0.3233 

3 variables MA, AO, YOE 0.1366 0.4638 0.0941 0.4637 

3 variables MA, BMI, YOE 0.213 0.2499 0.1436 0.261 

3 variables AO, BMI, YOE 0.0381 0.8389 0.037 0.7722 

4 variables MP, MA, AO, BMI -0.1551 0.4049 -0.1045 0.4137 

4 variables MP, MA, AO, YOE -0.1497 0.4214 -0.1024 0.4234 

4 variables MP, MA, BMI, YOE -0.147 0.43 -0.1001 0.4334 

4 variables MP, AO, BMI, YOE -0.146 0.4333 -0.1001 0.4334 

4 variables MA, AO, BMI, YOE 0.1518 0.4148 0.1001 0.4334 

 

Based on the results in Table 5, we can conclude that no variable stands out as a strong predictor—neither 

individually nor in combination. Since the linear models did not provide significant results, the analysis was 

extended to nonlinear models such as Random Forest Regressor, XGB Regressor, K Neighbors Regressor, 

and Support Vector Regressor. For each of the mentioned models, combinations of independent variables 

were tested in pairs, triplets, and all together, with the aim of finding the combinations that provide the best 

result in terms of predicting the A(8) value. The evaluation was conducted using 10-fold cross-validation, and 

the R² and MSE values were measured. The table with the results of applying the nonlinear models is not 

shown in this paper due to size constraints. According to the results, the K-nearest neighbors algorithm 

(KNN) model for the variables MP, OA, and BMI achieved the lowest mean square error (MSE) of 0.0206, 

but the R² was -0.8265, indicating that the model predicts worse than the simple mean value of the dependent 

variable. The same is true for the KNN model for the variables MP and OA, with a mean MSE of 0.0216 and 

a mean R² of -0.7802. 

 



EMC 2025, 20-21st June 2025, Zrenjanin, Serbia 

63 

CONCLUSIONS 

 

The conducted study on open-pit mining aimed to analyze whether different types of earthmoving machines 

(bulldozers, dumpers, excavators, bucket wheel excavators, and loaders) exceed WBV limits during an eight-

hour work shift. The study included 31 earthmoving machines, comparing their average A(8) values as well 

as the range within which these values vary across different machine types. Special attention was given to 

analyzing WBV values within different machine groups in relation to the EU directive and the ISO 2631-1 

standard. Exceedances of the permissible action value according to EU regulations were recorded in 12 out of 

31 monitored machines, accounting for 38.71% of the study sample. The lower health risk threshold defined 

by ISO 2631-1 was exceeded in 16 machines, representing as much as 51.61% of the sample. Furthermore, 

the WBV study conducted among different types of earthmoving machines indicates that the occurrence of 

WBV is not correlated with either the MA or MP, nor the AO, the BMI of the operator, or YOE. Given the 

study's findings, which indicate that exceedances of both the lower health risk threshold defined by ISO 2631-

1 and the action value for WBV prescribed by the EU directive occur in both older and newer machines, as 

well as across earthmoving machines regardless of their power in kW, it is essential to emphasize that 

monitoring operator exposure to WBV is a continuous process and one of the key aspects of ensuring 

occupational safety and health. In this study, we were unable to establish a significant (linear or nonlinear) 

relationship between various contextual factors and the occurrence of vibrations, such as the age of 

earthmoving machinery, MP, operator gender, AO, operator BMI, and YOE. It was found that operators had a 

high BMI (with only 19.3% of operators falling within the normal body mass index range), but no significant 

impact of BMI on A(8) was proven. 
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ABSTRACT  

 

Continuous improvement of production planning and preparation is the main task of manufacturing companies in 

modern business. Enterprise production resource management is offered as one of the possible solutions. The 

complication is further aggravated by the unequal importance attributed to the criteria in decision-making. 

Therefore, it is crucial to apply an efficient and systematic approach to the selection of production machines for a 

given problem. The paper presents the application of MCDM methods for selecting the most favorable machines 

for the production process. The aim of this paper is to provide relevant information to engineers during production 

planning and preparation about machine capacity limitations, taking into account various criteria and product 

specificity. The paper will present a comparative analysis of two MCDM techniques for selecting the best 

alternative, based on criteria defined by experienced engineers from the production planning and preparation 

sector. By applying these methods, it is possible to achieve improved production process planning, increasing 

efficiency and enabling cost savings. 

 

Keywords: COPRAS, VIKOR, Production capacity, Production planning. 

 

 

INTRODUCTION 

 

Demanding market conditions, as well as precise and changing customer requirements, have led to a 

great struggle to achieve a competitive advantage. Continuous improvement of production planning and 

preparation, along with the efficiency of the production process, is the main task of manufacturing 

companies. Management engineers are under great pressure to find ways to keep the company 

competitive in modern and changing business conditions. Enterprise production resource management 

is offered as one of the possible solutions. The complication is further aggravated by the unequal 

importance assigned to the criteria in decision-making. Therefore, it is crucial to apply an efficient and 

systematic approach to the selection of production machines for a given problem. The selection of 

appropriate production machines can be achieved by applying multi-criteria decision-making (MCDM) 

techniques. MCDM is a very suitable technique for analyzing complex real-world problems due to its 

ability to use certain criteria to evaluate different alternatives. These methods allow the decision maker 

to consider different criteria or objectives in order to reach a compromise between all potentially 

different machines. Consequently, the decision maker must consider and evaluate both quantitative and 

qualitative factors, while this approach can take into account both subjective and quantitative criteria. 

 

For example, (Chakraborty & Chakraborty, 2022) emphasized the importance of applying various 

MCDM techniques to solve the optimization problem of drilling, and milling processes. As well as for 

material selection (Emovon & Oghenenyerovwho, 2020). The application of these techniques is used to 

achieve coordinated optimization of resource consumption, processing quality and production efficiency 

(Lv et al. 2020). A comprehensive strategy for improving performance in preparation for the 

implementation of Industry 4.0, which can also be realized by applying MCM techniques (Kumar et al. 

2024). MCDM has a variety of tools and methods that can be applied in different areas of engineering 
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design (Taherdoost & Madanchian, 2023).The selection of manufacturing processes for a given 

application can be a complex multi-criteria decision-making problem, although there are several 

different approaches that can be used to select the appropriate alternative (Ghaleb et al. 2020). 

 

This research aims at efficient production planning, using MCDM methods. The aim of this work is to 

inform engineers during production planning and preparation about the limitations of machine 

capacities, taking into account various criteria and product specificity. This approach improves the 

efficiency of the production process, as well as saves costs during production planning and preparation. 

The paper will present a comparative analysis of two MCDM technics for selecting the best alternative, 

based on criteria defined by experienced engineers from the production planning and preparation sector. 

 

 

DEFINING ALTERNATIVES AND CRITERIA FOR SELECTING PRODUCTION 

MACHINE 

 

The selection of the most important machines for the implementation of the production process was 

carried out by a team of experts from the production preparation sector. They are expected to review 

and analyze the competence of all production capacities to meet the main goal, which is to shorten the 

production cycle time and save costs. This team considered 25 machines used in the production process, 

which achieve a utilization rate of less than 100% (Table 1). Therefore, they represent serious limitations 

that affect the duration of the production process. 

 

Table 1: Machines in the production process 
ID Machine (alternative) ID Machine (alternative) 

f1 UU-80739 f14 Eight-spindle machine "TMZ 867/842 CNC" 

f2 Bullet lacing device UU-3373 R f15 Ferroflux 

f3 Lacing device UU-80626 f16 Staining line Cu - Manual 

f4 Horizontal mechanical press "HERLAN" f17 Mechanical press "KARL HURT" 

f5 Interphase cutting machine 435.50-006/007 f18 Mechanical drum mixer UPI-3937 

f6 Pass-through furnace "GERING" 479.90-02 f19 WACKER device 

f7 Hydraulic press 60kN "MANURHIN" f20 Tape cutting device "SLOBODA" 

f8 Mechanical press "EPNS" 25t f21 EXCENTAR PRESS 16t 

f9 Mechanical press "KNEUSEL" 16t f22 Six-spindle automatic machine "TORNOS AS-14" 

f10 Finishing lathe "AUERBACH" f23 Horizontal milling machine "MACKERS" 

f11 Finishing lathe f24 Winding machine "SCHENKER" 

f12 EITEL FSD-3x8 f25 SCHENKER spring grinder 

f13 Semi-automatic "INDEX E42"    

 

These experts also defined four most important criteria in the decision-making process, based on which the 

alternatives that have the greatest impact on the fulfillment of the main goal will be evaluated and ranked. 

The evaluation criteria system includes the following criteria: Utilization capacity of machines (c1); 

Amortization (c2 ); Value-time efficiency capacity (c3 ); Organizational delays (c4 ). 

 

The calculation of the capacity utilization 

 

Every serial production, especially according to customer requirements, is in some way conditioned by the 

available machine capacities (Stanisavljev et al. 2019). Table 2 shows the alternatives, in this case, the 

machines used in the production process. It also shows the level of utilization of production capacities for 

each machine. In this process, 25 machines were used with a load level ranging from 17.88% to 97.46%. 

Based on the data obtained from the technological processes on the monthly capacity of each machine, the 

capacity utilization rate for each machine was calculated. In practice, this criterion is considered one of the 

most influential when it comes to reducing the duration of the production process. The required production 

quantity, requested by the customers, is 10,000 pieces. Several available pieces of certain machines were 

used in the production process of this product. Also, based on the calculated values, the group capacity 

utilization rate can be determined, which is 61.35%, for all machines included in this production process. 
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The determination of the amortization of machines 

 

Any production process requires the use of certain machines that may, to a greater or lesser extent, wear out 

during the process, so that their useful value gradually decreases. Depreciation of machines is the process of 

gradually reducing their value due to their physical wear and tear, as well as transferring the corresponding 

values in determining the costs of the final product. When calculating the depreciation of machines, they 

must be synchronized with the degree of their employment and utilization, as well as with the volume of 

production. To calculate the annual amount of depreciation of machines, this paper uses linear write-off 

depreciation method. In practice, this criterion has proven to be one of the most important when it comes to 

planning the costs of the production process. Table 2 shows the calculated values of the annual depreciation 

amount for each machine. To determine the annual depreciation amount, previously calculated values of the 

depreciation rate were taken, and the purchase price of each machine and the years of use were taken from 

the technological documentation (Radojicic et al. 2016). 

 

The Determination of the Value-Time Degree of Capacity Utilization 

 

This paper also presents the value-time degree of capacity utilization is determined. The application of the 

value-time efficiency rate of machines means a more efficient use of financial resources invested in 

production machines and an increase in the coefficient of trade, as well as a reduction in the costs of the final 

product, thus achieving more efficient and effective production. To calculate the value-time degree of 

capacity utilization, the values of the degree of time utilization of machines and the value of depreciation of 

machines are necessary (Radojicic et al., 2016). This criterion allows the decision maker to opt for the use of 

more expensive machines rather than cheaper ones. 

 

 

COMPARATIVE ANALYSIS OF TWO MULTI-CRITERIA METHODS 

 

The COPRAS and VIKOR methods were applied to evaluate alternative systems for improving the planning 

of the production process. The decision-making evaluation process considers the 25 alternative machines (f1 

– f25), assigned in the system of 4 criteria. The results of the process of prioritizing the criteria, by the 

engineers, indicate that the most significant evaluation criterion is c1 (0.42). The criterion c3 was also 

considered significant with a relative weight of 0.28. The criterion c4 (0.19) was assessed as slightly less 

significant, while the criterion c2 (0.11) will have the least impact on the evaluation process. The relative 

importance of the criteria serves as input for an alternative evaluation process. The decision-making matrix 

for the problem of the machine selection evaluation (Table 2) is established.  

 

Table 2: Decision-making matrix for the problem of the machine selection evaluation 
Alternative f1 f2 f3 f4 f5 f6 f7 f8 f9 f10 f11 f12 f13 

c1 Max 50.62 50.62 43.33 58.04 73.48 76.33 32.02 69.19 79.98 87.19 94.90 54.85 51.95 

c2 Min 600 756.82 715.91 1384.62 511.36 6750 920.45 511.36 855 195.65 2250 734.69 1735.71 

c3 Min 303.71 383.09 310.24 803.69 375.77 5152.42 294.77 353.82 683.86 170.59 2135.29 402.96 901.69 

c4 Min 0 0 0 593.99 574.79 566.39 0 284.3 311.9 893.14 0 0 0 

Alternative f14 f15 f16 f17 f18 f19 f20 f21 f22 f23 f24 f25  

c1 Max 70.35 74.21 41.46 82.90 24.18 19.10 17.88 69.50 70.36 97.46 54.01 89.88  

c2 Min 2195.12 109.46 31500 90 1022.73 627.91 126.92 14594.59 4235.29 1038.46 150 61.36  

c3 Min 1544.32 81.23 13059.92 74.61 247.28 119.93 22.70 10142.98 2979.95 1012.13 81.02 55.15  

c4 Min  5102.35 5534.94 436.8 249.65 10355.9 89.8 350.9 87.6 1142.79 0 299.9 250.1  

 

Machine selection evaluation by COPRAS method 

 

Zavadskas et al. (1994) introduced the Complex Proportional Assessment Method (COPRAS) as a 

Multi-Attribute Decision-Making (MADM) technique. This methodology provides a solution that 

establishes a ratio between the ideal and worst-ideal solutions. Below is an illustration of the COPRAS 

mathematical model. 

 

Step 1.1: Let 𝑋 = [𝑥𝑖𝑗]
𝑛×𝑚

denote the decision matrix of the considered problem which includes 𝑚 

alternative (𝑓1, 𝑓2, … , 𝑓𝑚) and 𝑛 evaluation criteria (𝑐1, 𝑐2, … , 𝑐𝑛), as specified in (1). 
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𝑋 = [𝑥𝑖𝑗]
𝑛×𝑚

=

 𝑓1 𝑓2 ⋯ 𝑓𝑚
𝑐1

𝑐2

⋮
𝑐𝑛

[

𝑥11 𝑥12

𝑥21 𝑥22

⋯ 𝑥1𝑚

⋯ 𝑥2𝑚

⋮ ⋮
𝑥𝑛1 𝑥𝑛2

⋮ ⋮
⋯ 𝑥𝑛𝑚

]

 (1)

 

 

The decision matrix element 𝑥𝑖𝑗 indicates the 𝑗𝑡ℎ alternative's rating related to the 𝑖𝑡ℎ evaluation 

criterion. 

 

Step 1.2: The normalized decision matrix (𝑋̅ = [𝑥̅𝑖𝑗]
𝑛×𝑚

) is established through the equation (2). 

 

𝑥̅𝑖𝑗 =
𝑥𝑖𝑗

∑ 𝑥𝑖𝑗
𝑛
𝑖=1  (2) 

 

Step 1.3: The weighted normalized decision matrix (𝑋̂ = [𝑥𝑖𝑗]
𝑛×𝑚

) is established according to (3), 

where the 𝑤𝑖 denotes the relative weight of 𝑖𝑡ℎ evaluation criteria, obtained from the previous engineer's 

assessment process.  

 

𝑥̂𝑖𝑗 = 𝑥̅𝑖𝑗 ∙ 𝑤𝑖 (3) 

 

Step 1.4: Equations (4) and (5) compute the sums of weighted values for both beneficial (𝐻𝑗) and non-

beneficial criteria (𝑍𝑗). The weighted values for beneficial criteria are denoted as 𝑥+𝑖𝑗, whereas those 

for non-beneficial criteria are represented by 𝑥−𝑖𝑗. 

 

𝐻𝑗 = ∑ 𝑥+𝑖𝑗
𝑛
𝑖=1   (4) 

𝑍𝑗 = ∑ 𝑥−𝑖𝑗
𝑛
𝑖=1  (5) 

 

Step 1.5: Equation (6) can be used to determine the alternative relative significance, where 

𝑅𝑚𝑖𝑛 indicates the lowest value of 𝑍𝑗. The alternative with the greatest relative significance value 

(𝑚𝑎𝑥𝑌𝑗) is considered the optimal solution.  

 

𝑌𝑗 = 𝐻𝑗 +
𝑍𝑚𝑖𝑛∙∑ 𝑍𝑗

𝑚
𝑗=1

𝑍𝑗∙∑ 𝑍𝑚𝑖𝑛 𝑍𝑗⁄𝑚
𝑗=1

  (6) 

 

Step 1.6: The utility values of each alternative are used to establish a comprehensive ranking. The 

priority assigned to an alternative is directly proportional to the value of 𝑁𝑗 (7). 

 

𝑁𝑗 =
𝑌𝑗

𝑌𝑚𝑎𝑥
∙ 100% (7) 

 

The process of ranking compromise alternatives is based on the decision-making matrix shown in Table 

2, based on the presented mathematical model expressed through the above steps. The final ranking is 

established by the utility degree of each alternative (𝑁𝑗) derived from Equation (7), the relative 

importance of the alternatives (𝑌𝑗) driven by Equation (6), and the values of 𝑆+𝑗 (4) and 𝑆−𝑗 (5) are 

shown in Table 3. From Table 3, the ranking of the alternative machine is observed. Hence the best 

solution is the alternative f25. The second-ranked alternative is f17,, while the last-ranked alternative is f18. 

 

Machine selection evaluation by VIKOR method 

 

The multi-criteria optimization and compromise solution (VIKOR) method introduced by Opricovic 

(1998) addresses decision-making problems characterized by multiple conflicting criteria, identifying a 

solution that is closest to the ideal. The VIKOR ranking procedure is outlined below. 
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Table 3: Relative significance and utility values of the considered alternatives 

Alternative f1 f2 f3 f4 f5 f6 f7 f8 f9 f10 f11 f12 f13 

𝑆+𝑗 0.014 0.014 0.012 0.016 0.020 0.021 0.009 0.019 0.022 0.024 0.026 0.015 0.014 

𝑆−𝑗 0.003 0.004 0.003 0.012 0.007 0.049 0.003 0.005 0.008 0.008 0.018 0.004 0.009 

𝑌𝑗 0.057 0.048 0.052 0.027 0.037 0.024 0.047 0.044 0.038 0.040 0.033 0.048 0.029 

𝑁𝑗(%) 69.67 58.75 63.61 32.74 45.75 28.72 56.87 53.32 45.98 49.29 40.50 59.06 35.28 

Rank 5 9 6 18 15 20 10 11 14 13 16 8 17 

Alternative f14 f15 f16 f17 f18 f19 f20 f21 f22 f23 f24 f25  

𝑆+𝑗 0.019 0.020 0.011 0.023 0.007 0.005 0.005 0.019 0.019 0.027 0.015 0.025  

𝑆−𝑗 0.049 0.039 0.138 0.002 0.076 0.002 0.003 0.091 0.034 0.008 0.003 0.002  

𝑌𝑗 0.022 0.024 0.012 0.076 0.008 0.059 0.050 0.020 0.023 0.042 0.059 0.082  

𝑁𝑗(%) 26.67 28.75 15.00 92.67 10.13 71.66 61.27 24.96 28.05 51.15 72.03 100.00  

Rank 22 19 24 2 25 4 7 23 21 12 3 1  

 

Step 2.1: Let define a decision-making problem that consider the 𝑚 alternative  (𝑓1, 𝑓2, … , 𝑓𝑚) and 𝑛 

evaluation criteria (𝑐1, 𝑐2, … , 𝑐𝑛); the decision-making matrix can be expressed as in (8), where 𝑑̃𝑖𝑗 

denotes the ratings of the 𝑗𝑡ℎ alternative related to the 𝑖𝑡ℎ evaluation criterion.  

 

𝐷 = [𝑑𝑖𝑗]
𝑛×𝑚

=

 𝑓1 𝑓2 ⋯ 𝑓𝑚

𝑐1

𝑐2

⋮
𝑐𝑛

[

𝑑11 𝑑12

𝑑21 𝑑22

⋯ 𝑑1𝑚

⋯ 𝑑2𝑚

⋮ ⋮
𝑑𝑛1 𝑑𝑛1

⋯ ⋮
⋯ 𝑑𝑛𝑚

]
 (8) 

 

Step 2.2: The identification of the ideal (𝑑𝑖𝑗
∗ ) and the worst (𝑑𝑖𝑗

− ) values for all involved evaluation 

criteria (𝑖 = 1,2, … , 𝑛) is delineated in Equations (9) and (10), with 𝐵 representing a group of benefit-

type criteria and 𝐶 indicating a group of cost-type criteria. 

 

𝑑𝑖
∗ = {

𝑚𝑎𝑥𝑗=1,…,𝑚 𝑑𝑖𝑗 , 𝑖 ∈ 𝐼𝐵

𝑚𝑖𝑛𝑗=1,…,𝑚 𝑑𝑖𝑗 , 𝑖 ∈ 𝐼𝐶  (9) 

 𝑑𝑖
− = {

𝑚𝑖𝑛𝑗=1,…,𝑚 𝑑𝑖𝑗 , 𝑖 ∈ 𝐼𝐶

𝑚𝑎𝑥𝑗=1,…,𝑚 𝑑𝑖𝑗 , 𝑖 ∈ 𝐼𝐵 (10) 

 

Step 2.3: In order to determine a compatible index ranking, the aggregate value of the 𝑗𝑡ℎ alternative 

with a maximum group majority, denoted as 𝑆𝑖 (11), and the aggregate value of the 𝑗𝑡ℎ alternative with 

a minimum individual regret, denoted as 𝑅𝑖 (12), must be computed. 

 

𝑆𝑗 = ∑ 𝑤𝑖 (
(𝑑𝑖

∗ − 𝑑𝑖𝑗)
(𝑑𝑖

∗ − 𝑑𝑖
−)

⁄ )𝑛
𝑖=1  (11) 

𝑅𝑗 = 𝑚𝑎𝑥𝑖=1,…,𝑛|𝑤𝑖 (
(𝑑𝑖

∗ − 𝑑𝑖𝑗)
(𝑑𝑖

∗ − 𝑑𝑖
−)

⁄ ) (12) 

Where 𝑆∗ = 𝑚𝑖𝑛𝑗=1,…,𝑚𝑆𝑗;  𝑆− = 𝑚𝑎𝑥𝑗=1,…,𝑚𝑆𝑗; 𝑅∗ = 𝑚𝑖𝑛𝑗=1,…,𝑚𝑅𝑗 and 𝑅− = 𝑚𝑎𝑥𝑗=1,…,𝑚𝑅𝑗. 

 

Step 2.4: Equation (22) is used to determine the 𝑄𝑗 based on the 𝑆𝑗 and 𝑅𝑗 values. 

 

𝑄𝑗 = 𝑣 ∙
𝑆𝑗−𝑆∗

𝑆−−𝑆∗ + (1 + 𝑣)
𝑅𝑗−𝑅∗

𝑅−−𝑅∗ (13) 

 

The value 𝑣 represents the weight of the decision-making strategy, classified as follows: 𝑣 > 0.5 

indicates that majority voting is standard; 𝑣 ≈ 0.5 signifies consensus voting; and 𝑣 < 0.5 represents 

voting by veto. 
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The alternative ranking is achieved by arranging the values 𝑆𝑖, 𝑅𝑖 and 𝑄𝑖 in descending order, the results 

are three ranking lists. 

 

The alternative with 𝑚𝑖𝑛𝑄𝑗 is considered the compromise solution under the following conditions: 

− Acceptable advantage: 𝑄(𝑓2) − 𝑄(𝑓1)/𝑄(𝑓𝑚) − 𝑄(𝑓1) ≥
1

𝑚−1
, where 𝑓2 is the second-ranked 

alternative based on the 𝑚𝑖𝑛𝑄𝑗 criterion; m denotes the total number of alternatives  

− Acceptable stability in decision making: 𝑓1 is also the best ranked alternative with 𝑚𝑖𝑛𝑆𝑗 and/or 

𝑚𝑖𝑛𝑅𝑗 values. 

 

Otherwise, a set of compromise solutions is proposed, which consists of: 

− the alternatives 𝑓1 and 𝑓2  if only the second condition is not satisfied; 

− alternatives 𝑓1, 𝑓2,…, 𝑓𝑚 if the first condition is not satisfied, 𝑓𝑚 is determined by the relation 

𝑄(𝑓𝑚) − 𝑄(𝑓1) <
1

𝑚−1
 

 

The compromise alternative ranking process is based on a decision-making matrix that is outlined in 

Table 2. Using relations (11), (12), and (13), the values 𝑆𝑗, 𝑅𝑗 and 𝑄𝑗, were calculated, respectively. 

Indicating that the decision-making strategy is majority rule voting , the value 0.9 was employed as the 

𝑣 value. The findings are shown in Table 4. 

 

Table 4: Evaluation results for individual and group deviation and measure Qj 

Alternative f1 f2 f3 f4 f5 f6 f7 f8 f9 f10 f11 f12 f13 

𝑆𝑗 0.255 0.257 0.294 0.240 0.146 0.255 0.354 0.163 0.115 0.074 0.067 0.235 0.265 

𝑅𝑗 0.247 0.247 0.286 0.208 0.127 0.112 0.345 0.149 0.092 0.054 0.045 0.225 0.240 

𝑄𝑗  0.367 0.370 0.429 0.337 0.190 0.333 0.525 0.218 0.139 0.075 0.062 0.335 0.378 

Rank 15 16 19 13 7 11 20 8 6 4 3 12 18 

Alternative f14 f15 f16 f17 f18 f19 f20 f21 f22 f23 f24 f25  

𝑆𝑗 0.277 0.226 0.694 0.083 0.585 0.419 0.427 0.417 0.242 0.025 0.236 0.045  

𝑅𝑗 0.143 0.123 0.296 0.077 0.387 0.414 0.420 0.217 0.143 0.021 0.229 0.040  

𝑄𝑗  0.370 0.296 0.969 0.092 0.846 0.629 0.641 0.578 0.323 0.000 0.337 0.032  

Rank 17 9 25 5 24 22 23 21 10 1 14 2  

 

The obtained results indicate that the alternative f23 is the best-ranked alternative in terms of the 𝑚𝑖𝑛𝑄𝑗 

and 𝑚𝑖𝑛𝑆𝑗 criteria, while the alternative f25 is the second-ranked in terms of the value 𝑅𝑗, whereas the 

best-ranked alternative according to this criterion is the alternative f23. Alternative f23 is chosen as a 

compromise solution due to its superior ranking in accordance with the 𝑚𝑖𝑛𝑄𝑗 criterion. Furthermore, it 

is the alternative with an acceptable advantage, as the condition 𝑄(𝑓2) − 𝑄(𝑓1)/𝑄(𝑓𝑚) − 𝑄(𝑓1) ≥
1

𝑚−1
 is 

satisfied. The selected compromise solution that has been adopted is stable in decision-making since the 

f23 is the highest-ranked alternative based on the 𝑆𝑗 and 𝑅𝑗 values. 

 

 

CONCLUSION 

 

In this paper, 25 production machines were considered, and the results showed that this approach is 

suitable for the problems of machines selection, especially for supporting group decision-making and 

modeling uncertainty. The analysis of the selection of the most favorable alternatives was performed by 

comparing two MCDM methods. The COPRAS and VIKOR methods were more suitable for the 

problem of selecting production machines, in the production process of a complex product, in terms of 

agility during the decision-making process, the number of alternatives and criteria, and adequacy in 

supporting the group decision of engineers in the production planning sector. Moreover, the best 

machine obtained by the proposed COPRAS method is the “SCHENKER”, while the second-ranked 

"KARL HURT". In addition, the VIKOR method showed that the best machine is the "MACKERS", 

while the second-ranked “SCHENKER”. It can be concluded that both methods favored the 
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“SCHENKER”, which proved to be the production machine that had the greatest impact on the 

efficiency of the production process. The main advantages of the proposed approach are that it can be 

applied to production machine selection, has a simpler structure compared to the used technique, and 

provides a comprehensive comparative analysis for evaluating different selection approaches. The 

limitation of the proposed method is that the proposed model can go through multiple layers of 

production machine selection criteria. For future work, it can be extended to include mathematical 

programming in the selection problem as well as a fuzzy environment can be incorporated in MCDM 

approaches. Indeed, the multiple layers of criteria can also be utilized in the forthcoming work. 
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ABSTRACT: Healthcare systems worldwide are facing increasing challenges, including rising costs, aging 

populations, and growing demands for accessible, efficient, and high-quality services. In response, healthcare 

institutions are seeking innovative approaches to improve performance and optimize resource use. One such 

approach is Lean Management - originally developed in the manufacturing sector - which has gained attention 

for its focus on reducing waste, improving process flow, and promoting continuous improvement. Although 

numerous examples demonstrate the successful application of Lean in healthcare, challenges remain regarding 

the adaptation of its principles and tools to the complexity of public services. Questions related to staff 

engagement, organisational culture, and context-specific implementation still need to be addressed. This paper 

aims to address the potential and limitations of Lean in healthcare through a review of existing literature. It 

explores how Lean principles have been applied, what benefits have been observed, and what barriers hinder its 

wider adoption. By synthesizing key findings, the paper contributes to the ongoing discussion on improving 

healthcare delivery using Lean and highlights areas for further research and practical attention. 

 

Key words: Lean, healthcare, benefits, implementation barriers 

 

 

INTRODUCTION 

 

Globally, healthcare organisations, weather public or privately owned, are facing similar problems, 

such as limited human and material resources, increasing cost of treatment and care, aging population, 

and increasing patient expectations and demands (Poksinska, 2010; Marsilio et al. 2022). These 

challenges put pressure on healthcare organisations to reduce costs while improve the quality of 

services. In response, healthcare organisations have increasingly turned to innovative approaches to 

quality management, among which Lean has emerged as one of the most prominent. Lean, as a 

holistic, customer-centred management approach that spans all levels of an organisation, aims to 

create more value for the customer while using fewer resources by continuously improving processes 

and eliminating waste. In healthcare context, Lean provides a strategic framework and environment 

for enhancing process flow and waste elimination, empowering staff to identify and act on 

improvement opportunities that might otherwise remain unnoticed (Bevan et al., 2006). 

 

Numerous studies highlight the benefits of Lean in healthcare, in the form of reduced waiting times, 

improved cycle times, greater process flexibility, enhanced employee engagement, etc. (Antony et al., 

2019; Leslie et al., 2006; Doss and Orr, 2007). However, despite these advantages, several unresolved 

issues remain, including challenges related to adapting Lean principles and tools to the healthcare 

context, managing the complexity of healthcare systems, and overcoming resistance to cultural and 

organisational change. 
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This paper aims to explore the transfer of Lean from manufacturing to healthcare setting, addressing 

the three key points – specifics of Lean in service environment, benefits of adoption of Lean and 

potential barriers to its implementation. This is done by conducting a review of the literature on Lean 

in healthcare.  

 

 

LEAN AS A QUALITY MANAGEMENT STRATEGY  

 

Developed in the Japanese industry context after World War II - mostly in Toyota Production System 

(TPS) - to provide a possibility for a quick reaction to changing market conditions and fluctuating 

customer demands, Lean was established as a systematic approach that blended the good 

manufacturing practices of Western and Japanese automotive industries. It combined the strong 

features of both mass production and craft production, such as the ability to reduce costs per unit and 

improve quality while at the same time providing a wider range of products (Womack et al., 1990). In 

time, Lean proved to be a successful system for management and optimization of processes. Today, 

Lean remains one of the most dominant production systems for achieving operational excellence 

globally, continuously evolving through integrations such as Lean Six Sigma and more recently Lean 

4.0, which aligns Lean principles with Industry 4.0.  

 

Japanese Lean practitioners categorised operational inefficiencies into three interrelated forms: muda 

(waste or non-value-added activities), mura (unevenness or fluctuations), and muri (overburden of 

people or equipment). These elements are mutually reinforcing and can lead to cascading 

inefficiencies. Within muda, a further distinction is made between necessary and unnecessary non-

value-added activities, the latter being the primary target for elimination. Thus, process improvement 

efforts in Lean focus on removing non-value-adding activities and ensuring value-adding processes 

flow smoothly towards the customer (Imai, 2012). Ohno (1988) and Shingo (1992), foundational 

figures in the TPS, identified seven primary types of waste: overproduction – producing more or 

earlier than needed; waiting – idle time during processing or movement; transport – unnecessary 

movement of products or materials; over-processing – redundant or excessive processing steps; 

inventory – holding excessive materials, WIP, or finished goods; motion – unnecessary movement of 

people or equipment; and defects – production of faulty goods requiring rework or replacement. An 

eighth waste, later recognised, is the underutilisation of human talent—failing to engage employees’ 

skills and insights in improvement efforts (Womack & Jones, 1996). 

 

Lean can be conceptualised as operating on two levels: (1) the strategic level and (2) the operational 

level; the strategic level encompasses the guiding principles and goals (Lean philosophy), whereas the 

operational level is represented by a set of operational tools, i.e. shop-floor tools, aimed at reducing or, 

at best, eliminating waste in all aspects of operations (Hines et al., 2004; Hasle et al., 2012). The 

foundation of Lean lies in five core principles, proposed by Womack and Jones (1996), which are 

widely used as a roadmap for implementation:  

− (Understand) Value - understanding and defining value (from customer point of view)  

− (Identify) Value stream - analysing the stream of value from concept to finished product. 

− (Make products) Flow - obtaining an uninterrupted flow of people, information, and materials 

through the value chain. 

− (Establish) Pull - producing only when there is an actual demand by the customer. 

− (Seek) Perfection - continuous improvement, striving to zero waste in the production system.  

 

These principles constitute a critical theoretical and practical foundation for Lean thinking. They offer 

a systematic framework for the design, evaluation, and continuous improvement of organisational 

processes. Value stream analysis and flow are central for identifying inefficiencies and enhancing 

value creation. By thoroughly analysing the value stream, organisations can detect activities that fail to 

contribute to customer value and detect various forms of operational waste. The emphasis on waste 

elimination is operationalised through the deployment of specific Lean methodologies and tools 

designed to identify waste, standardise processes, and support continuous improvement. These tools 
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are integral to operationalizing Lean principles and include methods such as Value Stream Mapping, 

Kaizen, 5S, Kanban, Just-In-Time production, and Root Cause Analysis techniques While the 

application of these tools can vary by sector, they collectively aim to enhance process visibility, 

reduce inefficiencies, and foster a culture of problem-solving across all levels of the organization.  

 

The adaptation of improvement methods from manufacturing to the service sector began in the 1970s, with 

the growth of services and academic interest in the distinct management challenges posed by service 

organisations (Seddon et al., 2011). Globalisation and ICT developments intensified competition, 

prompting service providers to seek efficiency through Lean thinking. However, services possess unique 

features - intangibility, heterogeneity, simultaneity, and perishability (the IHIP model), making direct 

application of Lean complex. Service-Dominant Logic (Vargo & Lusch, 2004), on the other hand, highlight 

value co-creation, contextuality, and active customer involvement (Osborne et al., 2015; Lusch & Vargo, 

2018). Unlike manufacturing, where standardisation is effective, services often require flexibility to 

manage high variability and human interaction. Over-standardisation may reduce flexibility and even 

increase failure demand, diminishing service quality (Seddon et al., 2011). 

Given the co-productive nature of services, waste can originate from both providers and customers, 

commonly in the form of delays, duplication, miscommunication, or underused human potential. Imai 

(2012) and Sarkar (2008) argue the original seven manufacturing wastes remain relevant, but scholars such 

as Radnor et al. (2006, 2011), Bicheno and Holweg (2009), and Bonaccorsi et al. (2011) propose tailored 

classifications. Key recurring wastes include delay, duplication, unclear communication, incorrect 

inventory, and unnecessary movement. These insights underscore the importance of a dual Lean approach 

in services: tackling both operational inefficiencies and systemic issues through staff engagement and 

adaptive processes. 

 

 

LEAN HEALTHCARE 

 

Specifics  

Healthcare institutions may be public or private, guided by differing principles. Public healthcare prioritises 

societal value, equity, and accessibility, while private providers focus on efficiency and patient satisfaction 

to ensure profitability. Despite this divergence, both operate in complex ecosystems involving regulators, 

professionals, patients, and the broader public (Jaakkola et al., 2015; Hodgkinson et al., 2017). Public 

systems face greater demands for transparency, accountability, and inclusive service design (Osborne et al., 

2013), which adds to their complexity. 

 

A key aim of public sector reform has been to place the patient at the centre of care. However, in public 

healthcare, the notion of the “user” is multifaceted, encompassing taxpayers, beneficiaries, and other 

stakeholders. Alford (2002) distinguishes between citizens, who benefit collectively, and clients, who 

receive individual services. Users may also be paying customers, beneficiaries, or obligatees (e.g., those 

under compulsory care). Their input, through feedback and cooperation, is essential. 

 

This calls for an inclusive, service-dominant logic that views all stakeholders as value co-creators 

(Osborne, 2012). In this context, Lean offers a powerful framework, as it centres on user-defined value, 

reduces waste, and promotes continuous improvement in service delivery. 

 

Benefits 

 

Lean in healthcare is more than a process improvement method - it is a philosophy that fosters problem-

solving, continuous learning, and stakeholder engagement. It offers a strategic framework for improving 

flow and eliminating waste, empowering staff to identify and implement value-adding changes (Bevan et 

al., 2006). Numerous studies confirm Lean’s benefits in healthcare. Leslie et al. (2006) highlight reductions 

in waiting times, unnecessary movements, and greater flexibility, enabling more time for direct patient care. 

Doss and Orr (2007) report shorter cycle times, lower inventory, and better service delivery. From the 

workforce perspective, Poksinska (2010) stresses that Lean fosters daily improvements by empowering 

staff to contribute more effectively to their roles and to broader organisational objectives.  
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A review by Alnajem et al. (2019) identified key outcomes such as reduced patient waiting times, 

improved patient flow and admissions, more functional and orderly workplaces, enhanced employee 

morale, cost reductions, and improved patient satisfaction. Leite et al. (2019) expand this with evidence of 

reduced medication waste, quicker admissions, and improved clinical and patient-centred outcomes, 

including increased safety and lower mortality.  

 

These findings illustrate that Lean has the potential to improve healthcare delivery on multiple fronts - 

clinical, operational, and experiential, as presented in Figure 1. These benefits have been observed across 

various healthcare systems and contexts, suggesting that Lean can be a valuable tool for addressing the 

operational and strategic challenges faced by modern healthcare institutions. However, despite these 

promising results, the implementation of Lean in healthcare can face a range of barriers. The following 

section explores these barriers.  

 

 
Figure 1: Detected benefits from implementation of Lean in healthcare 

 

Possible Barriers to Implementation of Lean in Healthcare  

 

Implementing Lean in the healthcare sector can present several challenges that may hinder its success. 

Healthcare systems are often characterised by complex processes, diverse stakeholder interests, and 

deeply rooted professional cultures, all of which can make the adoption of new management 

approaches a challenge. Overcoming these barriers requires strong leadership, a shared commitment to 

change among staff and management, and a willingness to invest time, resources, and training in the 

effective application of Lean principles and tools. A systematic review conducted by Melo et al. 

(2022) identified the most frequently cited obstacles to Lean implementation in healthcare, based on 

the number of studies in which each barrier was mentioned (Table 2). These barriers illustrate that 

Lean adoption in healthcare requires not only technical adjustments but also deep organisational and 

cultural change. 

 

De Souza and Pidd (2011), based on literature review, identify key barriers to Lean implementation in 

healthcare to be: perception – related to Lean’s roots in manufacturing and a limited comprehension of 

Lean principles; terminology – challenges in introduction of new terminology from Japanese 

background; personal/ professional skills of health care professionals – the intrinsic differences in 

personal and professional skills between health and manufacturing professionals; organizational 

momentum - the frequent changes in local improvement strategies and national government policies; 

professional and functional silos (compartmentalization) - fragmented structures inhibit cross-

functional collaboration; hierarchy and management roles - rigid hierarchies impede communication 

and bottom-up engagement; cultural challenges related to the hierarchical structure of healthcare staff 

and the allocation of management roles often-present barriers to improvement initiatives.; data 

collection and performance measurement -poor-quality data and lack of relevant metrics hinder 
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performance tracking; and resistance to change/scepticism. They find that out of these eight barriers, 

perception, personal/ professional skills of health care professionals, and hierarchy and management 

are unique to healthcare and the rest are shared with manufacturing.  

 

Table 2: Ranking of most cited barriers, adapted from Melo et al. (2022). 
Rank Barriers No. of studies 

#1 Resistance to change habits and fear of the unknown.  11 

#2 Low level of staff involvement and management. 6 

#2 Departments work in a silo approach.  6 

#2 Low level of staff training and education. 6 

#3 Misunderstanding of Lean and its potential benefits. 5 

#4 No firm commitment to a cultural change.  4 

#4 Resistance about origins of Lean  4 

#5 Fear to lose jobs or something. 3 

 

The literature clearly demonstrates that while some barriers to Lean implementation in healthcare are 

shared with manufacturing - such as committed leadership, siloed structures and measurement issues - 

others are sector-specific. Cultural perceptions, professional autonomy, and hierarchical governance are 

deeply entrenched in healthcare and have to be addressed carefully. Equally important are the enabling 

factors: inter-professional collaboration, experiential training, and a strong foundation in quality 

improvement culture. Addressing these context-specific barriers and activating enablers can significantly 

enhance the effectiveness and sustainability of Lean initiatives in healthcare institutions. 

 

 

CONCLUSION 

 

Lean philosophy, originating from manufacturing practices, has been successfully applied to improve 

operational efficiency and quality in various sectors, including healthcare. This holistic approach, grounded 

in principles such as customer value, optimized value streams, smooth flow, pull production, and the 

pursuit of perfection, has demonstrated significant potential for improving operational efficiency and 

service quality. The extension of Lean principles to public services, marked by complex interactions and 

different values, demands nuanced adaptation. In healthcare, where challenges like resource limitations and 

rising costs persist, Lean has emerged as a valuable strategy that prioritizes patient-centricity, waste 

reduction, and continuous improvement. The scholarly literature acknowledges multiple benefits from a 

proper and successful implementation of Lean thinking, such as: reduced costs, decreased waiting times for 

patients, better employee morale etc., which ultimately lead to improved overall service quality. 

 

However, the realization of these benefits largely depends on effectively addressing key barriers in Lean 

implementation within healthcare. These include resistance to change, low staff involvement, departmental 

silos, and a lack of understanding of Lean principles. Overcoming these barriers demands a commitment to 

cultural change, staff empowerment, and effective training on Lean. Importantly, recognizing the unique 

challenges in healthcare, such as hierarchical structures and data collection issues, is crucial for successful 

Lean implementation. In light of the barriers identified, it is evident that Lean methodology can be applied 

in healthcare with necessary modifications. The journey towards Lean implementation in healthcare 

requires an understanding of sector-specific challenges and a strategic approach to address them effectively. 
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ABSTRACT 

 

Organization and operational management are essential for the efficiency and success of manufacturing 

companies. In today's global world, companies must be adaptable and ready for rapid changes in the market. 

This paper investigates the importance of organization and operational management in manufacturing 

companies, focusing on the Serbian economy, as well as the basic principles of these areas in manufacturing 

companies in general and their importance for achieving company goals. The work deals with the research of 

principles and tools that help in better management processes, increasing productivity and reducing costs. Also, 

the paper will prove that the organizational structure and operational processes intertwine and affect the 

efficiency and productivity of manufacturing companies. Through the analysis of theory and case studies, 

important challenges are identified and strategies to address them are proposed. 

 

Key words: organization, production systems, operational management, productivity, optimization. 

 

 

INTRODUCTION 

 

Organization and operational management play the most important role in the successful operation of 

manufacturing companies. In the modern turbulent business environment, which is characterized by ever-present 

globalization and growing competition, companies must definitely constantly improve their business processes 

in order to survive on the market and become competitive in the long term. Effectively and efficiently organized 

business production systems enable better use of available material and immaterial, primarily human resources, 

achieve cost reduction while increasing customer satisfaction and market needs. In doing so, it is important that 

operational management ensures that the set goals are implemented through precise planning and control of 

production processes. 

The aim of this research is to: 

─ Identifies the basic principles of the organization of production systems. 

─ Analyzes the role of operational management in the optimization of production processes. 

─ Provide recommendations for improving efficiency and effectiveness. 

 

The research will use a combination of qualitative and quantitative methods. Qualitative methods will include 

literature analysis and case studies of selected manufacturing companies, while quantitative methods included 

surveys and questionnaires sent to managers employed in manufacturing companies, which focused on 

identifying challenges and successful practices in the implementation of operational management. 

 

 

THEORETICAL FRAMEWORK 

 

In modern business, organization and operational management are key elements for the success of 

manufacturing companies. Operational management deals with the management of processes that produce and 

deliver products and services, while the organization must be structured to support the efficient functioning of 

these processes. According to research, the flexibility and adaptability of the organizational structure are of vital 

importance for success in changing market conditions (Bryson, 2020). Namely, organization in manufacturing 

companies means structuring resources, people and processes in order to achieve the desired goals. Key aspects 
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of the organization of production business systems include (Stošić Mihajlović, 2022): Hierarchical structure and 

delegation of responsibilities, and Design of workplaces and optimization of work flows. Some conducted 

studies have shown that companies with clearly defined organizational structures achieve up to 20% higher 

productivity (Slack et al., 2019). Precise organization enables better alignment of teams and individuals with the 

company's strategic goals. For example, clearly defined information flows reduce opportunities for 

communication errors, while process standardization enables consistency in production. In addition, companies 

with an organization adapted to modern market needs can react more quickly to changes in demand, which is 

especially important in industries with a high degree of variability. As a result, research shows that such 

companies not only increase productivity but also achieve a higher rate of customer satisfaction, leading to long-

term sustainability and competitive advantage. In addition, proper resource allocation reduces production costs 

and increases system flexibility. 

 

The organization of a manufacturing company involves designing an organizational structure that enables 

efficient achievement of goals. Basic organizational structures include functional, divisional and matrix 

structures. Each of these structures has its advantages and disadvantages, but together they strive to ensure 

optimal coordination and communication within the organization. According to Henry Mintzberg, the 

organizational structure can be viewed as a system consisting of five components: strategic top, middle 

management, technical base, support and ideological base. "The organization must be designed to support the 

company's strategy and enable its execution." (Mintzberg, 1979). The organizational structure represents the 

basic framework for the functioning of any organization. The choice of an appropriate organizational structure is 

of vital importance because it can affect the efficiency and effectiveness of the business. According to 

organizational theory, "organizational structure should be designed to support the organization's strategic goals" 

(Hill & Jones, 2022). Modern businesses often require structures that enable quick responses to market changes. 

 

The basic principles of organizing manufacturing companies refer to (Pećanac, 2023): 

1. Determining and dividing work - complex tasks into less complex jobs that will be distributed among 

employees, 

2. Departmentalization: Dividing the organization into separate departments or units based on functions, 

products, geographical areas or markets, 

3. Establishing a chain of command and span of control: Defining the hierarchy and responsibilities within 

the organization. 

 

On the other hand, operations management deals with managing the daily activities of the company, including 

production, quality control and inventory management. The main goal of operations management is to ensure the 

efficient and effective production and delivery of products or services (Tarlak, 2016). Therefore, operations 

management includes planning, organizing and controlling production processes in order to ensure the efficient 

use of resources.  

 

The implementation of modern operational management tools, Six Sigma and ERP systems, contributes to 

reducing defects in production and increasing profitability (Stevenson, 2020). The Six Sigma methodology uses 

statistical tools to identify and eliminate variations in processes, which directly contributes to increasing product 

quality and reducing waste. For example, companies that have implemented Six Sigma have recorded an 

average reduction in errors by 50%, which has been reflected in significant savings in operating costs. 

 

ERP (Enterprise Resource Planning) systems integrate various functions of a company, such as production, 

procurement, sales and finance, enabling easier coordination and better visibility into business processes. For 

example, Siemens, through the implementation of an ERP system, was able to reduce the reaction time to 

changes in demand by 30%, thereby increasing flexibility and competitive advantage in the market. 

 

In addition to these tools, the use of real-time monitoring systems, such as SCADA systems, allows managers to 

make faster decisions and manage production capacities more efficiently. These systems reduce the risk of 

production interruptions and enable better management of equipment maintenance, which further reduces costs 

and increases profitability. 

 

Operations management is concerned with establishing, maintaining and changing the processes used to create 

products or provide services. It includes production planning, inventory management, quality control, materials 

handling and maintenance policies. 
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Operations management focuses on managing the daily activities of a company to ensure efficient and effective 

operation. This includes the management of human resources, materials, equipment and information. In 

manufacturing companies, operations is vital to maintaining product quality, reducing costs, and improving 

production management. According to Slack et al. (2020), operations management is key to transforming inputs 

into outputs that meet customer needs. Operations management is responsible for managing the resources that 

produce and deliver products and services. This includes activities such as the design process, production 

planning, inventory management, quality control, and equipment maintenance. According to Chase et al. (2020), 

“operations management is key to achieving efficiency and effectiveness in manufacturing processes.” 

Operations managers must set up and organize business processes so that products or services are delivered on 

time, with the required quality, and in accordance with customer needs. "A matrix organizational structure 

represents a compromise between functional and divisional structures, allowing for flexibility and adaptability in 

complex environments" (Chase, Jacobs, & Aquilano, 2006). 

 

In manufacturing companies, operational management aims to ensure maximum productivity and product 

quality. Operations management is key to the transformation of inputs into outputs, which includes the 

management of resources such as people, machines and materials. "Operations management is key to the 

transformation of inputs into outputs, which includes the management of resources such as people, machines and 

materials" (Heizer & Render, 2014). 

 

Integration of Organization and Operational Management 

 

Seen together, efficient organization and operational management of manufacturing companies play a key role 

and contribute to the achievement of company goals. Flexibility and the ability to adapt to market changes have 

been identified as the main advantages of modern manufacturing companies (Nikolić, 2007). At the same time, it 

is important to emphasize that a clear distribution of managerial roles and responsibilities is necessary, as a basic 

prerequisite for the successful functioning of the organization. Namely, the implementation of efficient 

organizational structures and operational strategies enables companies to more easily adapt to constant changes 

in the market and to achieve their business goals in turbulent economic and market conditions. 

 

Some authors (Latin, Jevtič, Živanović, 2022) point out that management plays a key role in achieving an 

optimal and efficient model of a modern organization. This means that management should fulfill the following 

goals in its work: 

─ understanding the characteristics of modern organization and organizational structures, 

─ Examining the key factors that influence the organization of modern companies, 

─ study of factors that influence the organizational structure of companies in the modern environment, 

─ defining the factors of one's own company that must be taken into account when organizing business in a 

modern environment. 

 

The integration of organization and operational management is key to achieving success in manufacturing 

enterprises. Successful integration of operational management and organizational structure is the key to 

achieving the goals of a manufacturing company. The organization must be structured to support the efficient 

functioning of operational processes. This includes clearly defining roles and responsibilities, as well as creating 

an environment that encourages innovation and process improvement. According to research on the topic of 

organizational processes, "determining the context of business processes is crucial for successful integration" 

(Kerzner, 2020). 

 

The matrix organizational structure, which combines functional and divisional elements, enables flexibility and 

adaptability in complex environments. This structure supports interdisciplinary cooperation and decentralized 

decision-making, which is especially important in dynamic markets. 

 

Modern manufacturing companies face numerous challenges such as changes in the market, technological 

advances and the need for sustainable business. Operational management must be flexible and able to adapt to 

these changes. The use of information technologies and process automation are just some of the ways in which 

the efficiency and effectiveness of operational management can be improved. According to Porter (2020), 

"technological advances enable manufacturing companies to improve their competitive advantages". The 

benefits of integrating the organization and operations management include improved flexibility, better 
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coordination, and decentralized decision-making. However, there are also disadvantages such as potential 

frustrations due to a double chain of command and the need for a high level of interpersonal skills among 

employees. According to Kamauff (2020), effective operational management requires well-designed systems 

and processes that support the company's strategic goals. 

 

 

CONTROLLING AND MEASURING ACHIEVED OPERATIONAL GOALS 

 

Controlling and measuring the achievement of operational objectives involves several key steps performed 

within the control function carried out by managers at the operational level. This function is critical to ensuring 

that the activities that the organization needs to proceed in accordance with pre-planned objectives. The most 

important steps in controlling and measuring the achieved goals are: 

1. Defining standards - establishing standards (or goals) that will serve as reference points for comparison. 

These standards can be quantitative or qualitative and should be clearly defined and communicated to all 

employees involved in the process, 

2. Performance measurement - determining the performance that is significant for achieving the 

organization's goals. Measurement must be carried out continuously in accordance with pre-defined 

measurement standards, 

3. Comparison with standards - after measurement, a comparison of real performance with established 

standards is carried out. This comparison makes it possible to determine whether the actual performance 

is in line with the planned or possibly, there are deviations, 

4. Taking corrective actions - in cases where it is determined that there are deviations, operational managers 

must take preventive and/or corrective measures, to correct errors or perceived weaknesses, as well as to 

ensure that activities are carried out in accordance with the predefined reference plan sizes. 

 

Depending on the selected criteria, the control itself can be divided in several ways. One of the most prevalent 

types of control is strategic, tactical or operational, and technical control (Simeunović, 2015): Strategic control: 

its focus is on measuring the achievement of the company's development strategy. It includes the monitoring of 

financial indicators, market conditions and other strategic goals; Operational control: it deals with the ongoing 

activities of the company (such as production, quality, financial liquidity). Operational control is important for 

ensuring efficiency in business; Technical control: it is oriented towards controlling the technical performance of 

production and ensuring that the produced utility values (ie products) correspond to the desired, predetermined 

standards and design solutions. 

 

 

CHALLENGES AND RECOMMENDATIONS IN THE ORGANIZATION AND OPERATIONAL 

MANAGEMENT OF PRODUCTION ENTERPRISES 

 

Key challenges in the organization of operating companies most often relate to: 

─ Insufficient flexibility of production processes; 

─ Bad communication between individual departments or plants; 

─ Incomplete digitization of the process. 

 

The lack of flexibility in production processes causes a decrease in the company's ability to respond to changes 

in the market. For example, according to Womack and Jones (1996), organizations that have not adopted Lean 

methodology face greater losses due to production downtime. "The implementation of the philosophy of Lean 

production is one of the most important concepts that helps companies to gain a competitive advantage in the 

world market. Although many companies have begun to apply the Lean concept, and the number of Lean tools, 

techniques and technologies available to improve operational performance is growing rapidly, only ten percent 

or less of companies have achieved significant results" (Stojanović, Stanisavljev, Kavalić, 2021). 

 

For example, the company "Toyota" managed to reduce costs by 15% within two years through the application 

of lean principles. This strategy can also be adapted to smaller companies through employee training and process 

optimization. Khamidullina and Puryaev claim that in the modern world, the vast majority of companies that are 

world leaders in their industries actively apply the Lean production system. They point out that the Lean 

production system includes a large number of tools and techniques, but emphasize that the composition of the 

applied tools will depend on the conditions of certain company-specific goals. 
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In this sense, we can point out that companies that have successfully implemented the following strategies have 

shown a significant increase in productivity: 

─ Lean methodology for waste elimination in production processes. 

─ Application of ERP system for integration of business functions. 

─ Continuous education of employees. 

 

Recommendations for promotion: 

─ Introduction of advanced technologies such as IoT and artificial intelligence. 

─ Developing a culture of continuous improvement (kaizen). 

─ Strengthening cooperation with suppliers and customers through transparent processes. 

 

The application of IoT technologies can contribute to better inventory control and monitoring of production 

processes in real time. For example, General Electric uses IoT solutions for predictive maintenance, which has 

enabled them to reduce unplanned downtime by 25%. 

 

In manufacturing companies, organization and operational management must be aligned with the company's 

goals. This includes the application of different organizational structures, such as a matrix structure, which 

allows for flexibility and interdisciplinary cooperation. However, this structure can lead to frustrations due to the 

double chain of command. For example, the Tesla company has implemented a flexible production line that 

enables rapid adaptation to changes in demand and technology. Tesla uses advanced technologies such as 

automation and robotics in its factories, which enables high efficiency and product quality. According to Tesla's 

reports, this flexibility is key to their success in the rapid production of electric vehicles and batteries. Another 

example is the Toyota company, which has developed a Just-in-Time (JIT) production system, which enables the 

minimization of inventories and the maximization of production efficiency. This approach allowed Toyota to 

become one of the leading car manufacturers in the world. According to Toyota's documents, the JIT system is 

based on the principle of producing only what is needed, when it is needed, which reduces costs and improves 

quality. For the purposes of this paper, we selected three manufacturing companies in Serbia and analyzed their 

organization and operational management. 

1. Copper and aluminum rolling mill in Sevojno - one of the most important producers of copper and 

aluminum in Serbia. This company managed to survive difficult economic conditions and today is one of 

the most stable manufacturing companies in the country. The company has a clearly defined 

organizational structure with appropriate departments for production, quality control and sales. A 

hierarchy has been established that enables efficient functioning. Operational management focuses on 

continuous improvement of production and quality control. The company uses modern technologies for 

production and has a well-developed inventory management system. 

2. Ironworks in Smederevo - one of the largest steel producers in Serbia. This company has gone through 

numerous challenges, but managed to maintain itself as an important player in the market. The ironworks 

has a complex organizational structure with numerous departments dealing with various aspects of 

production and management. There is a clear distribution of roles and responsibilities among employees. 

Operational management in Železari focuses on efficient steel production and resource management. The 

company uses modern technologies to improve production and reduce costs. 

3. Sojaprotein Bečej - the leading producer of soy products in Serbia. This company is known for the high 

quality of its products and efficient management. The company has a well-organized structure with 

clearly defined roles and responsibilities. There is a strong focus on innovation and new product 

development. Operational management at Sojaprotein deals with production improvement and quality 

control. The company uses modern technologies for production and has a well-developed inventory 

management system. 

 

 

CONCLUSION 

 

Organization and operational management in manufacturing companies must be aligned in order to achieve 

maximum success. The organizational structure should support the efficient functioning of operational processes, 

while the operational management must be flexible and able to adapt to changes in the market. Through 

continuous process improvement and investment in technology, manufacturing companies can realize 

competitive advantages and achieve long-term success. In modern manufacturing companies, success depends 
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on the effective integration of organization and operational management. Understanding organizational 

structures and operational processes enables businesses to adapt to changes in the market and maintain 

competition. Through the application of a matrix organizational structure and the improvement of operational 

management, companies can achieve high productivity and product quality. Research has shown that 

organization and operational management have a decisive influence on the success of manufacturing companies. 

 

Creativity and corporate culture are essential elements that can improve operational management in 

manufacturing companies. Implementing these elements can help companies achieve better results and adapt 

more easily to changes in the market. The combination of creativity and corporate culture can be crucial for 

achieving better efficiency in manufacturing companies. Implementing these elements can help companies 

achieve better results and adapt more easily to changes in the market. Controlling and measuring the achieved 

operational goals is essential for the success of the organization. The implementation of these steps enables the 

activities to take place in accordance with the planned goals and to undertake the necessary corrective actions in 

case of deviations. Organization and operational management are necessary for the successful operation of 

manufacturing companies. Focus on continuous improvement and implementation of modern technologies 

enables better results and long-term competitive advantage. Future research should be focused on the impact of 

digital transformation on the efficiency of operational processes. 
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ABSTRACT 

 

Through the implementation of Quality 4.0, numerous benefits can be achieved, ranging from cost optimization 

and improved efficiency of production processes to enhanced product and service quality, increased supply chain 

flexibility, and more. However, the implementation of Quality 4.0 is a long-term, highly complex, and costly 

endeavor. The barriers that companies face during this process include limited material and technical resources, 

insufficient knowledge and skills among managers, unfavorable characteristics of organizational culture, among 

others. The purpose of this paper is to identify the most influential barriers to the implementation of Quality 4.0, 

as perceived by quality professionals operating within the territory of the Republic of Serbia. The aim is to offer 

insight into the practical expectations of the business environment and highlight the challenges that are 

considered the most significant in this region when it comes to the implementation of Quality 4.0. The research 

included 184 companies of various sizes and industries. The requirement for participation was a valid ISO 

9001:2015 quality certification. The sample represents 5% of the total number of certified companies in the 

Republic of Serbia, which is deemed satisfactory for this type of research. 

 

Key words: Barriers, Implementation, Quality 4.0, Republic of Serbia 

 

 

INTRODUCTION 

 

The application of modern technologies in the service of quality management is the simplest definition 

of Quality 4.0. However, the implementation of Quality 4.0 is highly complex and comprehensive. 

Companies often face a wide range of barriers when introducing this concept, and in many cases, the 

process is abandoned even before it begins due to discouragement or fear of failure. For this reason, it is 

essential to expand knowledge about the challenges companies may encounter, to explore potential 

solutions for overcoming these barriers, and to share ideas that can contribute to greater efficiency in the 

implementation of Quality 4.0. 

 

The aim of this paper is to present the specific barriers that hinder companies in the Republic of Serbia 

from implementing Quality 4.0. By identifying the most influential challenges in this regional context, it 

becomes possible to provide a foundation for strategically planning the transformation of quality 

management systems within organizations. For this reason, insights gained from the research findings 

may have practical value. Understanding these barriers enables companies to critically assess their 

current state and consider effective ways to overcome the obstacles in the path toward successful 

implementation. 

 

The research was conducted as part of a doctoral dissertation focused on the readiness of companies in 

the Republic of Serbia to implement Quality 4.0 (Tadić Stanić, 2025). Participants in the study were 

companies holding a valid ISO 9001:2015 quality certification. The respondents were professionals with 

relevant roles in the field of quality (including directors, engineers, and quality managers), to ensure a 

representative overview of the obstacles faced by companies in the country. A total of 184 companies 

participated in the study, representing 5% of all ISO 9001:2015 certified companies in the Republic of 

Serbia (ISO, 2022). 
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The structure of this paper, in addition to the introductory section, includes an overview of the 

importance and relevance of Quality 4.0, as well as the benefits that companies may achieve through its 

implementation. This is followed by a presentation of the barriers to implementing Quality 4.0 

encountered by other companies, as identified in previous studies. The paper then provides an insight 

into the five most influential obstacles to the adoption of Quality 4.0 in the Republic of Serbia. The final 

section includes the conclusion and references. 

 

 

SIGNIFICANCE AND BENEFITS OF IMPLEMENTING QUALITY 4.0 

 

The benefits of implementing Quality 4.0 are numerous, highlighting the significance of adopting this 

concept. For some authors, three key advantages of Quality 4.0 are cost optimization, shorter production 

times, and improvements in the quality of products and services (Liu et al., 2023). In addition to this set, 

other authors have added the use of reliable information derived from Big Data (Sony et al., 2021), the 

minimization of discrepancies, and supply chain flexibility (Antony et al., 2023). A third group of 

authors (Arsovski, 2019) emphasizes the benefits of Quality 4.0 in decision-making speed and quality, 

more efficient traceability and transparency in production, the ability to predict changes, and faster 

adaptation to new situations. 

 

Technological data collection is carried out efficiently and comprehensively (Illés et al., 2017), 

regardless of volume, ensuring security in making optimal decisions. The usefulness of technologies in 

processing incomplete and uncertain data is particularly emphasized. Furthermore, its application also 

finds purpose in clarifying customer needs and finding appropriate responses to their demands. The 

speed of data processing enables real-time quality management, which represents one of the key 

differences between Quality 4.0 and traditional quality management. 

 

Personalization is one of the key characteristics of Quality 4.0, which involves mass customization for 

customers by creating products and services tailored to their individual preferences. The role of collected 

data related to production personalization is particularly significant, as advanced software can predict 

future market demand. Additionally, personalized production is considered strategically important, as, 

when viewed in the long term, it can influence customer loyalty (Haleem & Javaid, 2019). 

 

Based on the application of analytics, it is possible to predict deviations in quality, machine downtimes, 

the occurrence of defective products, and so on, allowing for preventive actions to avoid such issues. In 

this way, resource and energy wastage is reduced, and savings are generated through better product 

alignment, as well as a reduction in costs due to fewer errors, scrap, and waste. Thus, the advantage is 

not only reflected in making timely decisions but also in the availability of information regarding the 

potential for errors to occur. For this reason, it is said that Quality 4.0 is based on prediction. 

 

According to Maganga and Taifa (2022), Quality 4.0 represents a significant improvement in the quality 

inspection process, achieved through automatic quality monitoring. This involves real-time monitoring 

of the production flow, the application of intelligent quality controls, and comprehensive inspections, as 

well as the use of systems designed for predicting failures (Christou et al., 2022), digitizing results, and 

integrating them with the entire production system (Zulfiqar et al., 2023). These advancements enhance 

the performance and effectiveness of quality management (Sader et al., 2022); production processes are 

shorter, product alignment is improved, and customer satisfaction is increased (Liu et al., 2023). For this 

reason, it is believed that the application of modern technology in quality management can ensure 

guaranteed quality in production, without deviations (Balouei Jamkhaneh et al., 2022). 

 

Revolutionary technological capabilities, in addition to enhancing quality management methods, also 

promote human capabilities (Dias et al., 2022). The intellectual and creative power of humans, combined 

with advanced technologies whose capabilities reach extraordinary levels, can ensure personalized 

products and services with high alignment and minimal waste. This approach to quality management 

opens numerous opportunities for individuals to engage in more innovative forms of work, which will 

increase their job satisfaction and contribute to the growing significance of their role as employees. 
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It is considered that the foundation of Quality 4.0 lies in the integration of people, technologies, and 

processes (Santos et al., 2021; Tadić Stanić, 2025), which provides production units with a new 

dimension of operation that can be referred to as modern business functioning. Processes related to 

quality management are smart, automatically performed, self-controlled, carry out inspection 

supervision, and are integrated with humans through digitalization. Based on this, the significance and 

advantages of Quality 4.0, achieved through its implementation, can be clearly seen. 

 

 

IDENTIFIED BARRIERS TO THE IMPLEMENTATION OF QUALITY 4.0 

 

An essential barrier to the implementation of Quality 4.0 is the lack of awareness and knowledge of the 

concept itself, as well as the skills needed to implement this concept within the company (Chiarini, 2020; 

Tadić et al., 2021). The role of leadership and management support is crucial in encouraging other 

employees to adopt a new approach to quality management. The success of integrating the Quality 4.0 

concept with the corporate strategy and objectives of the company depends on the management team. In 

case there is resistance to change, the leadership must take actions to explain to employees why the 

introduction of Quality 4.0 is necessary, what benefits and advantages the company will gain if the 

implementation is successful, what tasks the employees will have, what their future role in the company 

will be, what they can expect during the implementation, and how this will affect them. However, if the 

management lacks the knowledge, will, or desire to transition from traditional to modern quality 

management, it can be said that this represents an insurmountable obstacle until the situation changes. 

 

In line with the above, if the company's leadership does not possess a compelling leadership style, if it 

does not actively promote transformation and change, and fails to create a collective vision, inaction of 

this kind will constitute an obstacle to establishing optimal communication with employees and 

motivating them to engage in the upcoming challenge of implementing Quality 4.0. 

 

Characteristics of organizational culture can also pose a significant obstacle to the successful 

implementation of Quality 4.0 (Sony et al., 2021; Tadić et al., 2021). If a hierarchical management style 

is cultivated within the company and the execution of established procedures is preferred, there is a 

higher likelihood of resistance to change. Employee skepticism towards the successful functioning of 

digital transformation can significantly slow down or even prevent the application of new systems. Fear 

of job loss or insecurity about one's own competencies can also result in resistance to change. In 

companies where teamwork, transparent communication, and continuous learning are not encouraged, 

managers, despite their knowledge, strong desire, and will implement Quality 4.0, will face a difficult-to-

overcome obstacle. 

 

The lack of financial resources, in terms of high initial investments (Antony et al., 2023; Chiarini, 2020; 

Sony et al., 2021; Tadić et al., 2021), is also one of the major obstacles to the implementation of Quality 

4.0. The acquisition of modern technology, software solutions, data analysis and storage systems, as well 

as the integration of the existing system with all the, presents a significant challenge, especially for small 

and medium-sized enterprises. Additionally, part of the funds is necessary for investing in employee 

training. It is crucial for employees to understand the essence of the new work approach, to acquire the 

appropriate knowledge and skills to manage modern technologies, and to apply enhanced quality 

management tools in accordance with technological capabilities, among other things. However, if a 

company does not have the resources to establish and implement them, there is a high likelihood that the 

implementation of Quality 4.0 will not even take place. 

 

In addition to the, an unreliable internet connection can also pose an obstacle (Chiarini, 2020). In regions 

where digital infrastructure is underdeveloped, the implementation of Quality 4.0 can be significantly 

hindered. A stable and fast internet connection is a fundamental prerequisite for the operation of modern 

systems and their integration. If a company is unable to provide this, achieving technological 

transformation will not be possible. 
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Furthermore, countries and regions that fail to keep up with the pace of technological development often 

have restrictive legal regulations, which can present significant challenges for businesses to overcome. 

These legal frameworks may relate to data protection, access to information, accountability, and 

standards in the digital environment, among other aspects. 

 

In line with the, one of the obstacles is certainly cyber threats (Chiarini, 2020). Data protection is crucial 

for any business. However, with the increase in digitalization, the risk of cyberattacks also grows. 

Unauthorized access to critical data and assets on one hand, and an underdeveloped security policy and 

strategy on the other, can significantly influence the perception of whether a company is ready for the 

implementation of Quality 4.0. 

 

In accordance with the above, one of the obstacles is certainly cyber threats (Chiarini, 2020). Data 

protection is of crucial importance for any company. However, with the rise of digitalization, the risk of 

cyberattacks increases. Unauthorized access to critical data and assets on one hand, and an 

underdeveloped security policy and strategy on the other, can significantly influence the perception of 

whether a company is ready for the implementation of Quality 4.0. 

 

 

BARRIERS TO THE IMPLEMENTATION OF QUALITY 4.0 IN THE REPUBLIC OF SERBIA 

 

As part of a study examining the readiness of companies in the Republic of Serbia to implement Quality 

4.0, respondents were asked to identify the barriers to its implementation. Out of 184 companies that 

participated in the research (one respondent per company), 60 respondents answered this question. Of 

these, 40 responses (22%) were deemed acceptable and relevant. The collected responses were grouped 

thematically and sorted by frequency of occurrence. The five most mentioned answers represent the most 

influential barriers to the implementation of Quality 4.0 in this country (Figure 1). 

 

 
Figure 1: The Most Influential Barriers to the Implementation of Quality 4.0 

 

The most frequent response indicated high investment costs as a barrier to the implementation of Quality 

4.0. The entire transformation process, including the acquisition of modern technologies, their 

establishment, and training employees to use them optimally, integrating the acquired technology with 

the existing system, the time required for a complete transformation, production stoppages due to 

changes and implementation of modern equipment, etc., are just some of the factors that cannot be 

realized without financial support. 

 

In addition to recognizing that high costs are a significant challenge for the successful implementation of 

Quality 4.0, the respondents also identified the lack of qualified personnel to carry out this 
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transformation. The participants in this study were in managerial positions related to quality. The 

indication that they lack sufficient knowledge about the concept of Quality 4.0 and need assistance from 

an external expert speaks volumes about their readiness for such a change. 

 

The third most significant barrier identified was the complexity of implementation. The fact that the 

company lacks sufficient resources for implementation, as well as an adequate team of people to lead the 

changes, creates a certain degree of reluctance to engage in a challenge that they seemingly feel 

unprepared for. 

 

In accordance with the previous, resistance to change arises. These changes should not be viewed solely 

from a technical perspective, as they may also point to characteristics of organizational culture and 

mindset. Doubt, fear of the unknown, and resistance to anything that does not follow the established 

routine can seriously undermine the success of implementing Quality 4.0. 

 

Finally, all the points indicate that the implementation of Quality 4.0 is a significant risk. The failure of 

implementation of wasted resources, data loss, and the failure to establish optimal collaboration with 

employees are just some of the risks that could arise and which these companies fear. 

 

 

CONCLUSION 

 

In addition to the numerous advantages that can be achieved through the implementation of Quality 4.0, 

there are many barriers that companies must overcome. In the Republic of Serbia, the greatest challenge 

is the initial investment, i.e., the establishment of an automated-integrated system. Apart from the costs 

associated with purchasing advanced technology, there are also costs related to the complex 

implementation, employee training, and other factors. In addition to the awareness that they cannot easily 

approach transformation (financially), the lack of expert personnel is the next obstacle that companies 

face. The insufficient knowledge of the Quality 4.0 concept, as well as the lack of relevant positive 

experiences with implementation, significantly influence the belief that the presence of external experts 

is necessary for this undertaking. The third most frequently mentioned barrier was the complexity of 

implementation. Everything unfamiliar appears difficult and unfathomable, and accordingly, the 

implementation of Quality 4.0 seems like a challenging and demanding project. Resistance to change 

was the next most important obstacle. In line with the previously mentioned, employees' resistance to 

embracing change seems expected. Finally, the last identified obstacle, though no less important, was the 

risk. From the perspective of the respondents, the implementation of Quality 4.0 is very costly, and they 

lack enough qualified and trained personnel who could lead the implementation. Furthermore, the 

process itself is complex, and employees will resist change. Ultimately, it seems like a great risk under 

such conditions to undertake such a challenge. 
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ABSTRACT  

 

This paper presents a comprehensive analysis of enhancing gas transport efficiency in high-pressure pipeline 

systems through the integration of the RAM 54 three-stage reciprocating compressor unit. The study outlines the 

selection process and operational modeling of the compressor using GE Power Flow simulation software, which 

enables detailed analysis based on gas composition, operating pressures, flow rates, and energy requirements. 

Key technical parameters of the RAM 54 unit are defined, including suction/discharge pressure ranges and 

maximum flow capacity. The compressor’s modular design, high durability, and accessibility for maintenance 

contribute significantly to operational reliability and cost-effectiveness. Simulation results validate the unit’s 

performance under varying conditions, highlighting its adaptability and efficiency gains in real-world 

applications. The implementation of the RAM 54 compressor ultimately enhances gas delivery stability and 

supports the sustainable development of gas infrastructure systems. 

 

Key words: Compressor station, GE Power Flow, performance analysis, optimization, energy efficiency, gas 

pressure, simulation 

 

 

INTRODUCTION 

 

To ensure the efficient delivery of gas to the refinery, it is necessary to increase its pressure, which is 

achieved through the use of compressor stations [Brown, 2018]. The reliable and continuous operation 

of these stations is essential for preventing production interruptions and avoiding potential losses 

caused by compressor shutdowns [Smith and Taylor, 2020]. 

 

Compressor stations, which are integral components of gas gathering and dispatch systems, enable the 

compression of gas for further distribution [Klett, 2019]. Modern container-type compressors are 

increasingly replacing earlier models due to their smaller footprint, ease of maintenance, and the 

ability to quickly and efficiently replace parts in the event of a malfunction [Mokhatab, et al., 2019]. 

Their implementation contributes to higher operational efficiency and reduced exploitation costs 

[Dempsey, 2019]. 

 

Stable pipeline operation requires maintaining a constant gas pressure at the intake, which in turn 

demands the autonomous operation of compressor units [Dixon and Hall 2017]. Next-generation 

compressors are designed to minimize the need for manual supervision, leaving operators responsible 
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primarily for setting operational parameters, checking working fluids, and performing visual and 

acoustic system inspections [Kreith and Goswami, 2021]. 

 

In the event of a compressor unit failure, gas dispatch to the refinery may decrease, while the unused 

gas may be flared or redirected to another compressor station [GE Power Flow Technical Report, 

2022]. To prevent such occurrences, proper compressor management and the implementation of 

preventive maintenance are essential [American Petroleum Institute, 2021]. By analyzing data on 

potential defects and utilizing established fault trees, system vulnerabilities can be identified in a 

timely manner, allowing for the implementation of corrective measures. 

 

Container-type compressors are designed to operate under demanding conditions and are adaptable for 

compressing gases of varying compositions. Their service life is not limited, provided that proper 

maintenance is conducted. The advantages of these compressors are numerous, and a more detailed 

analysis of their characteristics and benefits is presented in the following sections. 

 

 

MATERIALS AND METHODS 

 

RAM 54 Compressor Unit 

 

This study focuses on improving the efficiency and safety of gas transportation through the main gas 

pipeline. The planned enhancement is to be achieved by installing a three-stage reciprocating 

compressor unit at a location where two identical units have already been deployed. To enhance the 

efficiency and safety of gas transport in the main pipeline, the installation of a new container-type, 

three-stage compressor unit, RAM 54, has been proposed. The RAM 54 compressor (Figure 1) is 

designed for continuous and reliable operation under demanding conditions, with minimal likelihood 

of failure. Its construction ensures durability at high speeds and pressures, while all key wear 

components are easily accessible, thereby reducing downtime during both regular maintenance and 

unforeseen breakdowns [General Electric, 2018]. 

 

 
Figure 1:  RAM 54 Compressor Unit 

 

RAM 54 compressors are most commonly used in the oil industry but are also applied in cogeneration 

and electric power generation systems [General Electric, 2018]. 

 

PID Diagram of the RAM 54 Compressor 

 

The PID (Piping and Instrumentation Diagram) of the RAM 54 compressor provides a schematic 

representation of all key system components, including pipelines, valves, sensors, and control 

instruments. This diagram offers a detailed insight into the compressor's operation, pressure and 

temperature regulation, as well as the flow of the process through different stages of compression. 
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The RAM 54 compressor is a three-stage reciprocating compressor, meaning the compression process 

is carried out in three successive stages, during which the gas pressure is gradually increased before 

being delivered into the gas pipeline.  

 

The RAM 54 compressor PID diagram enables operators and engineers to more easily monitor and 

optimize system performance, promptly identify potential issues, and carry out preventive 

maintenance. 

The RAM 54 is a three-stage reciprocating compressor, as illustrated in the diagram (Figure 2). 

 

 
Figure 2: PID Diagram of the RAM 54 Compressor [General Electric, 2018 ]. 

 

Operating Parameters of the Compressor Unit 

 

The new three-stage reciprocating gas compressor is designed with the following operational 

parameters: 

− Suction pressure of process gas is 2–3 barg, discharge pressure of process gas is 42–50 barg, 

maximum gas flow rate is 180,000 Sm³/day 

− The compressor is powered by a gas engine that uses fuel gas of the same composition as the 

process gas. The characteristics of the fuel gas are:pressure  25–30 barg, temperature 25–55 °C. 

− In addition to the main gas compressor, the system includes an air compressor. This air 

compressor serves to initiate the operation of the three-stage compressor and to supply 

instrument air. Its operating characteristics are: suction pressure is equal to atmospheric 

pressure, operating pressure 8–11 barg, maximum flow rate 630 Sm³/day. 

− Compressed air is used for starting the compressor’s gas engine and as instrument air for the 

compressor units. The air compressor is driven by an electric motor. 

− The process gas, which also serves as the fuel for the compressor’s drive engine, has an 

identical composition and physico-chemical properties. Molar Composition of the Gas: Methane

 83.39%, Ethane 5.62%, Propane 2.78%, i-Butane 0.99%, n-Butane 1.08%, i-Pentane 0.48%, n-

Pentane 0.44%, Hexane 0.82%, Nitrogen 2.50%, Carbon Dioxide 1.90% 

− Physico-chemical properties of the gas: molecular weight 20.4 kg/kmol, density 0.8661 kg/Sm³, 

lower heating value 39,175 kJ/Sm³. 

− Due to variations in gas production from different reservoirs, fluctuations in the gas 

composition and its physical properties of up to ±2% are possible. Additionally, the gas entering 

the compressor is fully saturated with moisture. 

 

Based on the defined operating parameters—such as suction and discharge pressures, gas properties, 

and temperature—the compressor unit is modeled and its performance is calculated. Following the 

modeling, key compressor components are selected, including the housing type, cylinders, pistons, 

valves, and the corresponding drive motor. 

 

Most reputable compressor manufacturers utilize specialized software for computer-based design and 

performance calculation of compressor units, which ensures precise sizing and system optimization. In 
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this study, the GE Power Flow software was employed for the design and modeling of the RAM 54 

three-stage reciprocating compressor (Figure 3).  

 

The PID diagram, generated using specialized software, allows for tracking fluid flow through the 

compressor system and serves as a foundational document for the manufacturing of the compressor. 

 

 
Figure 3: Load Model of the Compressor Unit [Trifunović, 2022] 

 

 

RESULTS AND DISCUSSION 

 

Functional Verification of the RAM 54 Compressor Unit Using GE Power Flow Software 

 

To evaluate the proper functioning of the compressor under specified operating conditions, a software 

simulation is conducted using the GE Power Flow program. This software allows for the input of gas 

parameters, including its chemical composition, while enabling the user to select a compressor model 

from a database of available manufacturers. Once the compressor assembly is defined, a suitable 

electric motor is selected. If the selected combination is incompatible, the software will indicate an 

error—one common issue being shaft overload. Since electric motors vary in power ratings, it is 

essential to select an optimal configuration to avoid unnecessary system oversizing and increased 

costs. 

 

Before initiating the compressor design process, it is necessary to define the parameters of the gas to 

be compressed, as well as that used as the energy source. During gas selection, the software provides 

standard values for commonly used gases, enabling the design of the compressor based on predefined 

data. Since most exploited gases exhibit similar chemical compositions, such calculations can serve as 

a reference basis for further design work [Obrenović, 2018]. 

 

One of the key parameters entered into the software is the specific gas density. For the gas compressed 

using the RAM 54 compressor, the specific density is 0.8661 kg/Sm³, which differs significantly from 

the natural gas often used as a reference. Specifically, the specific density of natural gas in its gaseous 

state is 0.7 kg/m³, and in its liquid state 0.4 kg/m³ [Obrenović, 2018]. The process of entering the gas 

composition—i.e., the individual components and their relative proportions—is illustrated in Figure 4. 

 

Accurate definition of gas composition is of great importance in compressor design, as the presence of 

impurities in the fuel gas can induce pulsations during operation. The intensity of these pulsations is 

directly related to the amount of contaminants, which can negatively impact compressor performance 

(Obrenović, 2018). 
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Figure 4: Input of Gas Parameters [Trifunović, 2022] 

 

The selection of the appropriate compressor frame, along with all relevant characteristics, is shown in 

Figure 5. When choosing the compressor model, its nominal power and rotational speed are specified. 

In addition, further technical data are displayed, including the number of cylinders, which is a critical 

factor for the efficiency and operational stability of the unit (Obrenović, 2018). 

 

 
Figure 5: Display of Compressor Model Selection [Trifunović, 2022] 

 

During cylinder selection, it is essential to avoid oversizing. Subsequently, the appropriate 

compression ratio for each cylinder is defined, along with the inlet and outlet pressures for each stage. 

The overall inlet and outlet pressures for the compressor are also specified (Figure 6). 

 

During the compressor design process, attention must be paid to the compression ratio (C), which not 

exceed a value of 4. For example, for C = 2: 

─ 1st cylinder – inlet: 3, outlet: 6 

─ 2nd cylinder – inlet: 6, outlet: 12 

─ 3rd cylinder – inlet: 12, outlet: 24 

─ 4th cylinder – inlet: 24, outlet: 48 
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Figure 6: Input of Inlet and Outlet Gas Parameters 

 

Once all parameters have been entered, the next step is the selection of the drive system. When 

selecting the gas engine, it is crucial to account for the minimum and maximum power requirements of 

the compressor. These values can only be determined after the compressor design process is 

completed. The selection procedure for the gas engine is shown in Figure 7. 

 

 
Figure 7: Selection of Gas Engine  

 

 

CONCLUSION 

 

The installation of the RAM 54 three-stage reciprocating compressor unit in the gas transmission 

system has proven to be a highly effective solution for enhancing transport efficiency, operational 

reliability, and system sustainability. Through detailed analysis of the compressor’s mechanical 

design, operating parameters, and instrumentation layout, as well as simulation using GE Power Flow 

software, the study demonstrates that the proposed configuration meets the performance requirements 

of modern gas pipeline networks. 

 

Precise modeling of gas composition, thermodynamic properties, and compression stages enabled the 

optimal selection of compressor components—including the housing, cylinders, valves, and drive 

motor—while also allowing prediction of system behavior under various process conditions. The 
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modular and maintainable design of the RAM 54 ensures reduced downtime, extended service life, 

and improved safety during both planned and unplanned interventions. 

 

Simulation results confirm the compressor's ability to operate stably across a wide range of pressures 

and flow rates, providing valuable insight for preventive maintenance strategies and long-term 

infrastructure planning. The integration of the RAM 54 unit ultimately supports higher energy 

efficiency and greater adaptability of gas transport systems to dynamic operational demands. 

 

 

REFERENCES  

 
American Petroleum Institute. (2021). API Standard 618: Reciprocating Compressors for Petroleum, Chemical, 

and Gas Industry Services. American Petroleum Institute. 

Brown, G. (2018). Gas Compression Systems: Principles and Applications. Elsevier. 

Dempsey, J. P. (2019). Compressor Performance: Aerodynamics for the User. Butterworth-Heinemann. 

Dixon, S. L., & Hall, C. A. (2017). Fluid Mechanics and Thermodynamics of Turbomachinery. Butterworth-

Heinemann. 

GE PowerFlow Technical Report. (2022). Simulation and Optimization of Gas Compressor Stations. General 

Electric. 

General Electric. (2018). GE High Speed Recip (HSR) Compressor, Unit Arrangement Book for RAM 

Compressor. NIS Gasprom Neft. 

Klett, T. R. (2019). Advancements in gas compressor technologies for industrial applications. Journal of Energy 

Systems, 35(4), 456–472. 

Kreith, F., & Goswami, D. Y. (2021). Energy Efficiency and Management in Industrial Applications. Springer. 

Mokhatab, S., Poe, W., & Mak, J. Y. (2019). Handbook of Natural Gas Transmission and Processing. Gulf 

Professional Publishing. 

Obrenović, M. (2018). Kompresoris skripta. Direkcija za proizvodnju nafte i gasa, Služba za mašinske poslove, 

NIS Gasprom Neft. 

Smith, J., & Taylor, R. (2020). Pipeline Engineering and Gas Compressor Stations. CRC Press. 

Trifunović, O. (2022). Povećanje efikasnosti otpreme gasa u magistralni gasovod MG-01 ugradnjom trostepenog 

klipnog kompresora maksimalnog protoka 180.000 Sm³/dan (Master rad). Tehnički fakultet “Mihajlo 

Pupin”, Zrenjanin. 

 



97 

15th International Symposium Engineering Management and Competitiveness 2025 (EMC 2025) 

June 20-21, 2025, Zrenjanin, Serbia  

 

 

REVERSE LOGISTICS AS A STRATEGIC TOOL FOR COMPETITIVE 

ADVANTAGE IN MANUFACTURING  
 

Stefan Ugrinov 

University of Novi Sad, Technical Faculty ĂMihajlo Pupinñ, Zrenjanin, Republic of Serbia 

E-mail: stefan.ugrinov@tfzr.rs  

Verica Gluvakov  

University of Novi Sad, Technical Faculty ĂMihajlo Pupinñ, Zrenjanin, Republic of Serbia 

�/�X�N�D�����R�U�ÿ�H�Y�L�ü 

University of Novi Sad, Technical Faculty ĂMihajlo Pupinñ, Zrenjanin, Republic of Serbia 

 �%�R�U�L�Y�R�M���1�R�Y�D�N�R�Y�L�ü 

University of Novi Sad, Technical Faculty ĂMihajlo Pupinñ, Zrenjanin, Republic of Serbia 

 �9�H�O�L�E�R�U���3�U�H�P�þ�H�Y�V�N�L 

University of Novi Sad, Technical Faculty ĂMihajlo Pupinñ, Zrenjanin, Republic of Serbia 

�0�L�ü�D�����X�U�ÿ�H�Y  

University of Novi Sad, Technical Faculty ĂMihajlo Pupinñ, Zrenjanin, Republic of Serbia 
 

 

ABSTRACT  

 

This paper explores reverse logistics as a strategic instrument for achieving competitive advantage in the 

manufacturing sector. Rather than viewing reverse logistics solely as a cost recovery mechanism, the study 

positions it as a multidimensional capability embedded within strategic, operational, technological, and 

sustainability domains. A conceptual model is developed to illustrate how reverse logistics contributes to 

competitiveness through four interlinked pillars: strategic integration, operational optimization, digital 

innovation, and sustainability-oriented value communication. Each pillar is supported by critical sub-elements 

that enhance the effectiveness and impact of reverse logistics systems. The model emphasizes dynamic 

interactions, including feedback loops, that support continuous improvement and adaptive decision-making. 

Reverse logistics is shown to generate value through resource efficiency, enhanced customer relationships, 

regulatory compliance, and brand differentiation. The findings highlight the potential of reverse logistics to serve 

as a foundation for circular manufacturing practices and to support resilience in complex supply chain 

environments.  
 

Key words: Reverse logistics, Competitive advantage, Circular economy, Digital supply chain 

 

 

INTRODUCTION 1 [FONT NAME TIMES NEW ROMAN, SIZE 11, BOLD, ALL CAPS] 

 

In an increasingly dynamic and resource-conscious industrial landscape, reverse logistics has emerged as a 

strategic instrument for enhancing competitiveness within manufacturing sectors. Far from being a 

peripheral operational concern, reverse logistics has become an integral component of value creation 

strategies, particularly in environments where efficiency, sustainability, and customer satisfaction 

determine long-term viability(Mishra et al. 2023). Its evolution reflects broader shifts in manufacturing 

priorities, including the need for lifecycle thinking, circular economy integration, and responsiveness to 

complex market and environmental demands. As manufacturers strive to maintain a competitive edge, the 

ability to effectively manage product returns, waste flows, and end-of-life asset recovery plays a pivotal 

role in shaping performance outcomes across financial, operational, and reputational dimensions. 

 

The strategic potential of reverse logistics is rooted in its capacity to influence core aspects of 

manufacturing operations. Rather than functioning solely as a cost center, reverse logistics enables firms to 

recapture value from returned or obsolete goods through remanufacturing, refurbishment, recycling, and 

parts harvesting(Che Hassan and Osman 2025). These activities allow companies to reduce raw material 

dependencies, optimize inventory turnover, and lower disposal costs, all while generating secondary 
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