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The issue we are addressing is the environmental complexity
facing today's society. A systemic framework is presented that
enables decision-makers to respond effectively to climate
change. The question is: “How can society find a holistic
approach to mastering the complexity of global warming it is
confronted with?” Dominant approaches to coping with
climate change are almost exclusively one-dimensional. The
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1 Introduction

According to statista, net sales in the German food retail sector amounted to more
than 252 billion Euros in 2022 (statista, 2024a). This market is therefore not only
interesting due to its sheer size, but also due to recent developments in online retail.
In addition to the dominance of traditional store sales, online delivery services and
providers that deliver groceries to your doorstep in just a few minutes via inner-city

delivery hubs are alternatives for customers.

Two perspectives need to be examined to assess the sustainability of business and
trade in this sector. On the one hand, it is about providers with a focus on delivery
services, who are competing for customers' favor with various concepts and delivery
modalities. On the other hand, the focus is on consumers, who now have a range of

alternatives for purchasing food.
The EoGS-project focuses on three central questions:

Q1. Where do end consumers buy economically? In stationary retail or online retail?
Q2. Do online delivery services work profitably compared to bricks-and-mortar
retail?

Q3. How “ecologically sustainable” is online shopping compared to bricks-and-

mortar retail?

Methodologically, the project is carried out with practical case studies for which an
Excel-based recording and analysis tool is used (EoGS-tool). The first stage of the
project in winter semester 2024/25 will focus on testing the practicability and
usability of the EoGS-tool and evaluating the initial results. In a second stage, the
recording and evaluation of purchases is to be expanded through cooperation with

other universities in Germany and abroad.
2 Theoretical Background / Literature review

Food retail is the sector with the highest turnover in the entire German retail sector
(statista, 2024b). The product range of food retail companies consists primarily of
food, but often also includes near-food products such as cleaning products. Over-

the-counter retail is characterized by various forms of operation such as
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supermarkets, discounters, hypermarkets and self-service department stores. Before
the internet age, this classic form of distribution was the only one that existed, so

this phase could be described as “Grocery 1.0”.

New forms of distribution emerged with the internet, although these only had a
niche existence under the heading of “food eCommerce”. One example is the
company myTime (myTime, 2024), which has been offering groceries on a website
and sending them by parcel since 2012. Another example is REWE, which with a
market share of over 20% is one of the top five German food retailers. They operate
a delivery service with small trucks since 2012. This phase could be described as
“Grocery 2.0”, as the internet is used as a sales channel here with a delivery time of
a few days (Singh & Singh, 2023).

The coronavirus pandemic was an accelerator for further dynamic development of
the online market (Wiedemann et al., 2023). In addition to a growth spurt in sales in
the online sector, new forms of distribution, which can be subsumed under the
keyword “quick commerce”, attracted attention. Customers are supplied from so-
called city hubs or micro-depots, which are located in city centers and promise a
delivery time of ten to twenty minutes. Examples of these companies are Gorillas,
Flink and Picnic. This development phase could be described as “Grocery 3.0”, in
which traditional forms of distribution compete with established online delivery

services and quick commerce service providers.

Table 1: Key characteristics of selected grocery online delivery services

Forms of Delive Means of Delivery
Company Product range distribution/ very transport time
Grocery x.0 P used promise
Stationary and . Special Next days
REWE Flrlllt;;n;ge online/ Rzgugnal conversion with time
ctate Grocery 1.0/2.0 oS truck (ICE) slots
. Full range Online/ Parcel .
myTime cetailer Grocery 2.0 delivery CEP vehicles | Next days
- . . Same day,
Flink Limited product Online/ Micro Bicycle ~ 10
range Grocery 3.0 depot .
minutes
- . . Same day,
Flaschenpost Limited product Online/ Micro Van (ICE) 120
range Grocery 3.0 depot .
minutes

Source: author’s compilation
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As the focus of the analysis is on online food delivery services, the following table
provides an excerpt of the current grocery market with relevant providers and their

key characteristics. The corresponding weblinks are listed under references.

The differences between the various providers are very clear. The main
distinguishing features are the selection of products (Product range), the means of
transport used (Means of transport used) and the promised delivery times (Delivery

time promise).
3 Methodology

As part of the EoGS-project, working groups are formed with several students who,
in a first step, select two companies, one of which is an established stationary
provider (Grocery 1.0) and the other an online provider (Grocery 2.0/3.0). In a
second step, the working groups carry out various purchases in both companies. The
relevant data is recorded using the Excel-based EoGS-tool. Various areas (accessible
via Excel sheet registers) are available for data collection and analysis, which are

briefly outlined below.
Shopping

All purchases are documented at item level in this sheet register. In addition to the
product name, price and quantities, additional characteristics are recorded. These
include, for example, information on packaging and a classification of logistical
requirements. A scale from “very high” (e.g., for eggs) to “very low” (e.g., for tinned

food) is available for the latter characteristic.
Price-Comparison

For selected products, one can compare the purchase prices from the various
sources of supply in this register. It must be ensured that the products are the same
and of the same quality. Differing packaging sizes are compensated by
standardization. This allows to test the obvious hypothesis that products from online
sources tend to have higher prices than stationary products. In addition, care must

be taken to only compare so-called retail benchmark prices and not offer prices.
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Opportunity

The name of this sheet register already underlines the focus of the content:
opportunity costs. This central term in economics describes the lost profit or benefit
of an alternative. Opportunity costs typically arise when capital is used for
investments, in which the lost interest on a safe investment reduces the return on
the investment as imputed interest. In the case of grocery shopping, opportunity
costs arise for stationary shopping from the time spent on various stationary
shopping activities, such as driving to the store or waiting in a checkout queue. For
online shopping costs arise from dealing with apps or web sites and the delivery time
of groceries ordered online. These costs are interesting from the perspective that
online food orders are advertised as “time-saving” (ntv, 2012). Based on Coase's
transaction cost theory, these additional costs to the purchase costs can also be
described as typical “transaction costs”, which consist of initiation and processing
costs (Coase, 1937; Williamson, 1975; Picot & Dietl, 1990). The time required for
shopping is based on a process-related sequence that comprises various process
stages and is supplemented by “real” costs in the form of transportation costs
depending on the means of transport used for shopping in a stationary store. In
addition, the environmentally relevant CO; emissions are determined from the

customet's perspective (Klein & Popp, 2023).

Table 2: Process structure of the purchasing processes from customer's perspective

Examples of online

Process step description Examples of retail outlet ]
delivery

01-Prepare shopping Look for bags, pack up empties Start up PC, open app
OZ-Reach1ng the shopping Find vehicle, drive to store, park, Open the website, log in
destination walk to store
03-Vehicle costs outward and E.g. car (ICE, BEV), bicycle,
return journey public transport ’
04-Shopping Take goods from the shelves SCMCh. and add to

shopping cart
05-Checkout Checkout line, pay Pay for order

. Pick-up vehicle, pack, drive to
06-Drive to home home, park, walk to home d
07-Online delivery time s/ Delivery time
. . . . Unpacking things,
08-Unpacking/clearing out Unpack}ng thlngs, putting things putting things away,
away, disposing of garbage . :
disposing of garbage

Source: author’s compilation
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By adding up the individual time expenditures, you can compare which form of
purchasing is actually more time-saving. The average purchasing times per purchase
and per purchasing item are calculated as key figures. Opportunity costs are
calculated by multiplying the total time spent by an houtly rate in Euros per hour.
From a student perspective, this could be an houtly rate that represents typical pay
for student jobs such as the current minimum wage in Germany of 12.82
Euros/hout. In view of the fact that you cannot work without interruption and that
buying food is one of the necessities of life, one can also set lower values. It is more
difficult to set a cost rate for the delivery time of food ordered online. Argumenta-
tively, this cost rate could be based on the costs incurred due to the delivery time-
related loss of the ordered food or the risk of late or non-delivery. In addition to the
opportunity costs, thus time costs, the costs for vehicle use incurred for the outward
and return journey to the stationary shopping location are also recorded. Average
values for consumption and costs as well as values (coefficients) for tank-to-wheel
(TtW) and well-to-wheel (WtW) CO> emissions are provided for the means of

transportation used.
Delivery variable Costs

While the opportunity section addresses the perspective of a customer, the next two
sections deal with the perspective of an online delivery service; starting with variable
costs. When delivering food, the respective company has to manage various process
steps itself, which are usually taken over by the customer in the case of a stationary
purchase. In addition to costs, energy consumption and CO» emissions are allocated
using average values for the vehicles used. The following table shows the process

steps for which costs can be allocated in each case.

Table 3: Process structure of online delivery service

Process ste ..
P Costs description

description
01-Picking Cost of order picking
02-Transport Cost of packaging the ordered goods depending on the logistical
packaging requirements, e.g. pressure or temperature sensitivity

Depending on the business model, different modes of transportation can be
recorded, e.g. vehicles or parcel shipping

04-POS In some business models, packaging is only carried out directly before
packaging delivery at the POS (point of sale)

Source: author’s compilation

03-Shipment
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Delivery Fixed Costs

Fixed costs are also referred to as operating costs and are independent of quantity.
In this respect, this section includes, for example, rents, leases, IT costs, insurance,
etc., which are necessary to operate the business model for online delivery.
Determining exact cost values is a particular challenge, especially when determining
or estimating fixed costs such as rent or insurance. In this respect, the basic principle
of making conservative estimates applies. For this reason, in addition to the
possibility of applying various reference values for the allocation of fixed costs to a
delivery (e.g., number of parcels delivered, number of food items delivered or the
number of orders (commissions)), one has the option of setting the fixed cost

component to zero to exclude this aspect from evaluation and analysis.
Profit

This section deals with the profitability comparison of the various business models.
In a first step, the return for stationary as well as online purchases is calculated on
the basis of average values for trading margin and costs from an empiric study
(Dellbriigge, 2022). In a second step, a profit calculation is created for online
delivery. This takes into account additional sales that are usually charged in online
trading, such as delivery charges or fresh produce surcharges. For the purchase cost
of goods sold, one can either use the same values for stationary retail or use modified
values if you assume that the purchasing conditions are either better or worse than
in stationary retail. Credit notes are also included, taking into account sales, cost of
goods sold, variable delivery costs and any fixed cost components. Credit notes play
virtually no role in stationary retail, as shoppers generally select the goods
themselves, particularly in the case of fruit and vegetables. For online delivery
services, the risks of damage or deterioration in quality during transportation are
much higher. This applies in particular to foods that have high logistical
requirements because of pressure or temperature sensitivity. As it usually makes no
sense to return damaged goods, a credit note is usually issued. Profits are calculated

at different levels. The calculation of Profit I is shown here as an example:
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Table 4: Profit I calculation schema

Calculation scheme Explanation Example
Net turnover Cash value without VAT 50.00 Euro
x Delivery Margin in % Based on empiric study 30.00 %
= Delivery Margin absolute 15.00 Euro
+ additional revenue E.g. delivery charges or freshness 5.00 Euro
surcharges
= Delivery shopping margin 20.00 Euro
(calculated)
Calculated in section Delivery variable
./. Delivery costs I costs; only direct energy costs of 27.32 Euro
vehicles
= Profit I -7.32 Euro

Source: author’s compilation

4 Results

In order not to go beyond the scope of this paper, the following is limited to selected

results from cases of the course Logistic Management, 5% semester of Bachelor

Logistikes, in winter term 2024/25. The results shown provide answers to the

questions formulated at the beginning. The following results relate to practical case
studies with the companies EDEKA, REWE, myTime and Flink.

Table 5: Excerpts from the results (3, = sum; @ = average; n.c. = not calculated)

No. of
putchases/
Company total no. of

Grocery

x.0

purchased

items

Cash sum Opportunity

incl. VAT/  duration per  (in Euro)

net sum purchase/
excl. VAT in pet item in

€ min  sales (%)

*
Lo TtW per

purchase/
per item in
kg CO,

/return
on net

4/62 | 147.52/132.83 | 50.50/3.3 | €4.7/3.6% | 2.01/0.13

REWE | 10 2/15 | 25.66/23.36 32.4/43 | €0.6/24% | 0.15/0.02
LO/TT | 17318 /156.129 41.45 /2308 Z(?.o%/g xoc.

REWE | 20 119 | 5841/52.07 BonT | /E) 9.65/0.51
mme || 20 2/15 | 3481/3177 15.1/2.0 (2833/'3 0.55/0.07
2 3/34 93.22/83.8% 24.05/12.52 2o 2o

Flink | 30 2/15 | 3025/2158 | ©420/0.60 | 6'53/'3 0/0

Source: author’s compilation * Profit (for retail outlet) and Profit I (for online 2.0/3.0)
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5 Discussion

With regard to the first question (Q1), economic efficiency from the customer's
perspective, we will only briefly discuss shopping time (opportunity time) here
without consideration of the delivery time. If you compare the time it takes to shop,
online shopping actually saves a considerable amount of time. The average shopping
time per purchase in bricks-and-mortar stores is 41.45 minutes compared to just
24.05 minutes for online retailers type Grocery 2.0. Ordering via the (Flink) app
seems to be even more effective, as it only takes a very short 4.2 minutes per
purchase. If you look at the profit situation (Q2), you can see that in principle, profits
can be made in stationary retail, albeit at a low level; in this case 2.7 Euros, which
corresponds to an industry-standard return on sales of 3.0%. In the case of REWE
online delivery, the use of a delivery vehicle combined with a long delivery time
resulted in high delivery costs, which ultimately led to a loss (€-7.4). The parcel
shipper MyTime benefits from high extra fees that are charged for shipping. The
calculated profit is €9.0. The profit of €7.4 with Flink comes from the low delivery
costs due to the short delivery distance, which is covered by bicycle. However, it
should be noted once again that certain types of costs are not included in profit I, in
particular fixed cost components, credit notes and full cost components for the use
of vehicles. Against this background, it can be assumed that the calculated profit
margins can vary considerably in practice. When it comes to sustainability (QQ3), the
route and the vehicle used play the biggest role. If you go to the supermarket on foot
or by bike, the CO» emissions are of course significantly lower than if you use a car.
The same applies to online delivery services. Flink scores very well here, as bicycles
are used. For myTime, an average value of CO, emissions per parcel was used for

parcel delivery mode.
6 Conclusions

At this point, it must be emphasized that no general conclusions can be drawn due
to the limitations of the collected data. Firstly, only a few purchases were made and
secondly, the items purchased represent only a fraction of the total range of goods
in the food retail sector. Thirdly, the analysis is limited to the last mile of distribution
and does not take the entire supply chain into account. Nevertheless, insights can be
gained from the results. Given the background objective of engaging students with
interesting tasks that include both theoretical and practical aspects, the EoGS-
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project can be considered a success. The participating students learned how to deal
with scientific methodology, basic rules in the construction of databases and their
evaluation. The EoGS-tool used was revised and improved several times. In
addition, numerous discussions made it possible to deal with business management
issues against the background of practical experience, e.g., the consideration of
opportunity and transaction costs in purchasing decisions or when choosing
between a brick-and-mortar store or online alternatives. In the second step already
mentioned in the introduction, even more case studies now need to be carried out
in order to increase the significance of the results. Collaboration with other

universities in Germany and abroad is planned.

I would like to thank the logistics students who took part in the course Logistics
Management at the Ludwigshafen University of Business and Society in the winter
semester 2024/2025 for the many interesting ideas, stimulating discussions and

active participation.
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1 Introduction

The sports industry is among the fastest-growing sectors worldwide, serving as a
source of entertainment and a key driver of economic activity, job creation, and
community development. This paper investigates the complex relationship between
sports innovation and global economics, focusing on Hungary. Known for its rich
sporting heritage, especially in football, Hungary offers a valuable case study
examining how innovative practices can improve organizational performance and
foster economic growth. By analysing the innovation strategies of several Hungarian
football clubs, this research highlichts the importance of technological
advancements, knowledge management, and sustainable initiatives in shaping the
future of sports organizations. The literature review covers various aspects of
innovation—from organizational culture to external collaborations—that
significantly influence performance outcomes. Additionally, the study emphasizes
how sports innovation can stimulate economic development through increased
investment, enhanced productivity, and stronger community engagement.
Combining a systematic review of scholarly literature with empirical data from local
clubs, this research aims to provide actionable insights for practitioners and
policymakers. Ultimately, it demonstrates that embracing innovation enhances the
competitive edge of sports organizations and contributes to broader economic

progress within Hungary and beyond.
2 Theoretical Background / Literature review
2.1 Innovation and performance

Research indicates that the most successful welfare states in Europe, particularly
those in the Nordic region, are the leading innovators, highlighting the critical
interplay between social systems and innovation performance (Hajighasemi et al.,
2022). Technological advancements have drastically reshaped the sports sector,
driving the need for innovative approaches. Ratten (2020) posits that technology is
a fundamental driver of the sports industry’s global competitiveness, necessitating
the development of comprehensive innovation management strategies. As Morrison
(2023) further affirms, record-breaking performances in sports are increasingly
reliant on continuous advancements in technology and biomedical innovations. The

integration of key stakeholders including sports managers, coaches, and researchers
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is essential for examining technological innovations within sports (Ringuet-Riot et
al., 2014). Systematic reviews indicate that football adopts GPS technology more
extensively than other team sports, showcasing the sector's potential for
technological integration (Cummins et al., 2013). As the dynamics of sports
innovation emerge, numerous tools and methods influence an organization's ability
to sustain innovation performance. Factors such as strategic planning, management
engagement, and knowledge sharing are crucial for fostering a culture of innovation
(Hasgalla et al., 2018). Sustainability is becoming also a focal point in organizational
innovation discourse. Studies by Inthavong et al. (2023) reveal that adopting green
innovation practices not only improves environmental outcomes but also enhances
overall organizational performance. The complexity of implementing effective
innovation strategies, particularly within sports organizations, calls for further

exploration of these interactions.
2.2 Relation between sport innovation and global economics

Innovation drives economic growth by enhancing productivity and enabling
organizations to produce more with the same resources. The sports sector, a multi-
billion-dollar industry, closely ties to economic principles, influencing key financial
decisions like ticket pricing, player salaries, and sponsorships. Understanding these
economic factors helps sports organizations optimize revenue and operational
efficiency, essential for sustainability and growth. Innovation also plays a vital role
in globalization, aided by technological advancements that lower trade barriers and
foster international collaboration. This enhances the global competitiveness of the
sports industry. Sports innovation focuses on developing processes and products
that improve the sports experience, attracting customers, and increasing efficiency.
Football significantly contributes to economic development through job creation,
tourism, and local business growth by boosting ticket sales and broadcasting
revenues. As a prominent sector, football drives economic and social growth
through collaboration between sports investors and government entities. When
effectively leveraged, sports can enhance tourism and foster community
connections. Investment in infrastructure, supported by public-private partnerships,
is crucial for sports initiatives and community resources. Sports organizations
promote civic pride and community cohesion while creating job opportunities, from
administrative roles to event staff. They often engage with local communities to

provide education and training programs, further impacting local economies
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(Deloitte, 2024). Football is a significant economic driver that fosters financial
growth and job creation worldwide. Major tournaments like the FIFA World Cup
and UEFA European Championship greatly impact host cities by attracting tourists
and stimulating local businesses. The infrastructure developments tied to these
events create construction jobs and improve transportation and community facilities
after the tournaments end. At the club level, football clubs are central to the industry,
utilizing various strategies to generate revenue. Professional leagues and
international cups secure lucrative television deals, enhancing clubs' financial
stability. Match-day revenues from ticket sales, concessions, and merchandise also
contribute substantially to the local economy. Additionally, careers in football, such
as players, coaches, or managers, are financially rewarding, reflecting the sport's
strength and popularity. According to Aygin et al. (2023), note a reciprocal
relationship between economic growth and the sports industry, with increased sports
consumption contributing to economic expansion. Football clubs are crucial in this
dynamic, generating significant revenue from ticket sales, sponsorships, and
broadcasting rights, while also supporting urban development and attracting
investments. Sports events drive economic development and sustainability, as a
thriving economy positively affects the sports sector. This interplay has led countries
to focus on football as a key investment for enhancing domestic markets and
international connections. Significant events like the FIFA World Cup and Olympic
Games require substantial financial commitments for infrastructure, while smaller
events often rely on national support. Investments in sports infrastructure are
essential for urban development and addressing underdevelopment in sports.
Professional football clubs aim for excellence in both business performance and on-

tield success, making economic growth a vital consideration.
3 Methods

This paper utilizes a three-step methodology to explore the relationship between
sports innovation and economic growth. First, it reviews tools and methods
influencing the innovation performance of sports organizations. Second, it analyses
the correlation between sports innovation and economic growth based on the
literature review. Lastly, it investigates the innovative efforts and economic
contributions of four Hungarian football clubs, supported by in-person interviews

with their representatives conducted in 2024.
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31 Hungarian football clubs: innovation performance

The research focused on four Hungarian football clubs: ETO FC Gy6r, Gyirmot
FC, Mosonmagyarévari TE, and Ustékés FC, analysing their approaches to green
innovation and sustainable performance. ETO FC Gyér, established in 1904, is one
of Hungary's most successful clubs, with a strong history in the top tier until 2015.
After facing bankruptcy, it was rescued in 2015 and aimed to return to the first
division. Following a runner-up finish in 2024, it will compete in the first division
for the 2024/2025 season. Gyirmé6t FC Gyd, also located in Gydr, is the second
most successful club in the area and plays in the second division. Ust6kés FC focuses
on developing young talent, providing training for athletes aged 5 to 19, while its
partner, Bacsa FC SE, offers adult championships. Credobus Mosonmagyardovari
TE, founded in 1904, will start the 2024/2025 season in the third division after

tinishing last in the previous season.

Table 1: Main characteristics of the Football Clubs: Innovation and performance

Innovation Petrformance

—  None of the Football clubs has its own sustainable
development strategy. However, both cities Gy6r and
Mosonmagyarévar, have their sustainable urban

Sustainable development Development Strategy, which includes sustainable

strategy development objectives and measures in the fields of

green innovation, digitalization, a resilient and competitive
economy, energy efficiency in buildings and mobility, and
the use of renewable energy sources.

—  The Hungarian Football Association offers continuous
training and education for management and employees,
focusing on grassroots football across various forms,
including children's, adults', veterans', futsal, disabled, and
women's games. It provides club development training to
maintain the quality of Talent Centres and District
Centres and offers sports, health, and science courses.
The Sports Health and Sports Science training emphasizes
athlete health preservation and development.
Additionally, the Coaching Training Institute provides
education for football trainers, goalkeeper trainers, futsal
trainers, and fitness coaches. The association also offers
adult training to prepare participants as professionals who
align with its values and can effectively contribute to
domestic clubs.

IManagement innovation and
knowledge management

Sport innovation —  In recent years, there has been a significant change in the
training planning of athletes. A range of software and
sports tools support both the trainers and the athletes. All
the examined clubs use "Talent X" software. The software|
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Innovation

Stakeholders engagement

R & D Expenditures

Performance

helps organize the data on the players and monitor their
performance and the team's performance. Professional
work can be tracked, and valuable statistics can be
prepared in just a few steps.

Another popular but pretty expensive tool is the
“CATAPULT” system, used only by the most prominent
clubs such as ETO FC. CATAPULT GPS (outdoor) and
CATAPULT LPS (indoor) professional movement
tracking systems developed to analyse sports movements
enable accurate evaluation of training or performance
during matches and extensive analysis, comparison, and
data organization. tool is the.

There are other but still less known but very innovative
tools such as the “Nimbolo” which was developed and
firstly used by the Ustékés FC. This tool targets and
develops several critical skills in players, helping them to
perform well and effectively on the pitch. NIMBOLO is a
pioneering training tool designed to develop team sports
players. The device has various features that allow players
to develop various skills, such as communication and
tactics, reaction speed and agility, creativity and game
intelligence.

The legal changes of 2011 - which were also accepted by
the European Union -they allowed profitable companies
and enterprises to support spectacle team sports, such as
football, with their corporate tax. This system provides
benefits to sports associations and supporting companies
at the same time.

For parents and supporters, the associations organize
vatious community-shaping events every six months, such
as a joint football game and a New Year's Eve celebration
with various programs, commemorations, and awards.
Most of the clubs' income comes from the support of the
corporate taxes of companies with the contribution of the
Hungarian Football Association. Infrastructure
development is mainly implemented from these two
sources. In some cases, the municipality also supports the
sports clubs, but this support depends on various things
and changes year by year. The rest of the income comes
from membership fees and is spent on operations. It was
also found that most of the club's green innovation is
covered by infrastructure development. Significant
attention is paid to using renewable energy for lighting,
heating, or cooling during the development of buildings
or sports fields.
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3.2 Hungarian football clubs: Contribution to the local economy

Local football clubs play a multifaceted role in bolstering the local economy through

job creation, infrastructure investments, increased consumer spending, and

community engagement, ultimately fostering a vibrant local economy.

Table 2: Main characteristics of the Football Clubs: Contribution to the local economy

Observation

Job creation

Policy documents

All football clubs create direct employment opportunities
for various roles, including coaching staff, administrative
personnel, groundskeeping, security, and matchday
operations. Additionally, they provide indirect jobs in
sectors like hospitality, retail, and transportation.
Furthermore Ustokés FC Gyér offers their talents not
only football career, but other job opportunities related to
football inside and outside the organisation, through
supporting their coach education and referee education.

Economic activity from
matchdays

Home games attract fans who spend money on tickets,
food, beverages, and merchandise. This influx of visitors
benefits local businesses, such as restaurants, bars, and
shops, particularly on matchdays. The investigated clubs
do not yet have a merchandising activity, but Ustékés FC
Gyér offers Ustokos-branded clothing for athletes and
fans through its contracted sports manufacturing partner.

Infrastructure development

Sponsorship and investment

Community Engagement and
[Development

Sports Tourism

Investment in sports facilities results in infrastructure
improvements, such as better transportation networks,
parking facilities, and additional public services. These
enhancements can benefit the entire community, not just
football fans.

Local clubs often engage with businesses through
sponsorship deals, which can inject capital into the local
economy. These sponsorships may provide businesses
with visibility while generating additional revenue for the
clubs.

Many football clubs engage in community outreach
programs, promoting health, education, and social
cohesion. These initiatives contribute to the social fabric
of the area, enhancing community well-being and
engagement. Gyirmét FC Gydr offers its facilities for
public use free of charge through various charitable
activities, including family days and municipal and
entreprencurial programs.

Clubs with rich histories and traditions can attract sports
tourists who are interested in experiencing matches or
stadium tours, further stimulating local economic activity.
Gyirmé6t FC Gy6r offers training camps for domestic and
international clubs by its own built sports hotel.
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Observation Policy documents

—  Local clubs often run youth academies that invest in
young talent, providing training and development
opportunities. This contributes not only to personal
development for the youth but can also lead to the
emergence of future talent for local teams or even

IYouth Development Programs professional leagues. Mosonmagyarovari TE and Gyirmét
FC Gy6r have a Talent Centre role in the region. Ustékods
FC Gyér is in the District Centre position.

—  The presence of a local football club can foster
community identity and pride, encouraging residents to
support local initiatives and conttibute to the economy
through various activities and spending.

ILocal Identity and Pride

4 Conclusions

This study underscores the vital link between sports innovation and economic
growth in Hungarian football. Innovation provides a competitive edge essential for
the sustainable development of sports organizations and their communities. By
examining strategies used by Hungarian clubs, the research shows how technological
progress, knowledge management, and sustainable practices enhance performance
and stimulate economic activity. The findings indicate that football clubs create jobs,
boost local businesses through matchday revenues, and promote community
engagement via outreach programs. Case studies of ETO FC Gyér, Gyirmét FC
Gyér, Mosonmagyarévari TE, and Ustokés FC illustrate their roles in fostering
community pride and local identity. As Hungary advances within the global sports
landscape, policymakers and sports managers should prioritize innovation and
sustainability.

Embracing the synergy between sports innovation and economic development

benefits the sports sector and promotes the prosperity of wider communities.

Additionally, the study highlights how innovations—from digital tools to green
infrastructure—align with ESG frameworks by promoting environmental
sustainability, social inclusion, and good governance. The transformative potential
of digital initiatives like data analytics and GPS tracking further advances

performance and sustainability.
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Overall, strategic innovation emerges as a crucial driver for long-term growth,
inspiring policies integrating sustainability, digital transformation, and responsible

governance in Hungary’s sports industry.

References

Aygiin, M., Savas, Y. & Alma Savas, D. (2023): The relation between football clubs and economic
growth: the case of developed countries. Humanit Soc Sci Commun 10, 566.
https://doi.org/10.1057/541599-023-02074-2

Cummins, C. - Ozr, R. - O’Connor, H. - West, C. (2013): Global Positioning Systems (GPS) and
Microtechnology Sensors in Team Sports: A Systematic Review. Sports Medicine, 43 (10),
1025-1042. DOI:10.1007/540279-013-0069-2

Deloitte, 2024. Elite sport as a catalyst for economic growth and societal change Elite sport as a
catalyst for economic growth and societal change | Deloitte UK Downloaded: 01.01.2025

Hajighasemi A. - Oghazi P. - Pashkevich N. (2022): The impact of welfare state systems
on innovation performance and competitiveness: European country clusters. Journal
of Innovation & Knowledge, 7 (4). DOI:10.1016/}.jik.2022.100236

Hasgalla A. - Ahituvb N. (2018): Implementing continuous adaptation to technology innovation in
complex adaptive organizations. The Journal of High Technology Management Research, 29
(1), 35-45.

Inthavong P. - Rehman K. - Ray S. (2023): Impact of organizational learning on sustainable
firm performance: Intervening effect of organizational networking and innovation. Heliyon,
9 (5). DOI:10.1016/j.heliyon.2023.e16177

Morrison J. (2023): An evolutionary perspective on sport and performance enhancement.
Performance Enhancement & Health, 11. DOI:10.1016/§.peh.2023.100263

Ratten V. (2020): Sports technology: A commentary. The Journal of High Technology Management
Research, 31 (1). DOI:10.1016/j.hitech.2020.100383

Ringuet-Riota C. - Carter S. - James D. A. (2014): Programmed innovation in team sport using needs-
driven innovation. Procedia Engineeting 72, 817-822. DOI:10.1016/j.proeng.2014.06.139



9™ FEB INTERNATIONAL SCIENTIFIC CONFERENCE: SUSTAINABLE MANAGEMENT

26
IN THE AGE OF ESG AND AI: NAVIGATING CHALLENGES AND OPPORTUNITIES




SPORT DEVELOPMENT VIA
SUSTAINABLE URBAN LAND USE -
THE CASE OF GYOR, HUNGARY

RICHARD SZALOKI, PETRA SZAKONYI

Szechenyi Istvan University, Gyor, Hungary

szaloki.richard@sze.hu, szakonyi.petra@sze.hu
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brownfield rehabilitation and comprehensive city development.
Sustainable land use plays a crucial role in influencing economic,
social, and environmental dynamics and aligns with the European
Union's goal of achieving no net land take by 2050. In Hungary,
this objective is also part of the national development strategy.
Recent legislative changes, including the Architecture Act XXIII
of 2023 and impending regulations for Spatial Planning and
Building Requirements, underscore the focus on brownfield
rehabilitation and the protection of green spaces. The paper
discusses notable sports developments in Gy6r as well as those in
other European cities, such as London and Paris. It explores the
challenges faced by various investment types and identifies future
opportunities for sustainable urban land use. Additionally, the
study aims to highlight the social, economic, and environmental
aspects of these sports investments.
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1 Introduction

Brownfield rehabilitation planning is increasingly recognized as a vital component
of sustainable development in the European Union and Hungary. This approach
integrates economic, social, and environmental dimensions, enhancing land use as
both a catalyst and reflection of urban development. The revitalization of
underutilized and contaminated sites is crucial not only for local progress but also
for broader environmental sustainability, directly aligning with EU policy.
Redeveloping these sites allows municipalities to transform neglected areas into
economically, socially, and environmentally viable spaces. Projects may include
residential neighborhoods, commercial centers, innovation parks, sport and
recreational spaces, addressing urban developmental deficits. In Gyodr, several
successful brownfield revitalization initiatives have transformed former industrial

zones into vibrant areas that meet residential and commercial needs.
2 Theoretical Background / Literature Review

The term “brownfield” originated in North America and refers to land that has been
abandoned or under-utilized, often due to contamination from previous industrial
activities. Redeveloping these sites transforms neglected industrial, commercial, or
military properties into economically, socially, and environmentally sustainable

spaces through targeted revitalization efforts (Jacek et al., 2022).

The concept of brownfield is central to various European programs, emphasizing
its role in combating urban sprawl and improving land use efficiency. The EU's 7th
Environmental Action Program aims for no net land take by 2050, underscoring the

importance of prioritizing brownfield rehabilitation.

Historically, the Olympic Games have predominantly been hosted by wealthy,
industrialized nations. However, the International Olympic Committee (IOC) has
recently encouraged bids from emerging economies, evidenced by the awarding of
the 2008 Summer Games to China and the 2016 Games to Brazil. Such trends have
raised important considerations about how host nations utilize mega-events to
promote infrastructure development and overall economic growth. Focusing on
previous investments in brownfield development related to the Olympic Games in

cities like London and Paris offers insight into effective strategies employed by host
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nations. For instance, the 2012 London Olympics involved significant
redevelopment of the East London area, transforming the abandoned industrial site
of the Olympic Park, which now serves as a vibrant community and sporting hub.
Similarly, Paris plans to use the 2024 Olympic Games as a catalyst for substantial
urban redevelopment, enhancing public transport infrastructure and repurposing

former industrial sites into recreational and residential areas (Baumann et. al. 2013).

Since 1997, Hungary has established a legislative framework for brownfields, with
the Act LXXVIII of 1997 providing essential definitions and emphasizing the need
for focused rehabilitation. Recent updates have heightened attention on brownfield
planning, aligning city development plans in Gyér with sustainable urban growth
objectives. Over the past 30 years, numerous abandoned sites have been repurposed,
with approximately 11 former industrial and military sites now successfully utilized
as sport or recreational areas, reflecting Gyét's commitment to sustainable urban

development.
3 Methodology

This study employs a two-step analytical process to assess the brownfield
redevelopment ecosystem in Gyér, Hungary, with a focus on sustainable urban

development and sport-related investments.

In the first phase, a comprehensive review of Furopean and Hungarian national
policy frameworks is conducted to identify past, present, and future legislative
measures related to brownfield rehabilitation. This context establishes how policies
influence local development initiatives, particularly in enhancing sports facilities and

community recreational opportunities.

The second phase analyzes the specific challenges and opportunities of brownfield
redevelopment in Gy6r, emphasizing the transformation of former industrial sites
into vibrant sports and recreational areas. This phase also evaluates the impacts of
new legal frameworks on sustainable urban development, particularly in facilitating

investments in sports infrastructure.
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Through this methodology, the study aims to highlight how brownfield
redevelopment can drive sustainable urban goals while promoting community-

otiented sporting events.
3.1 EU legislative framework

The analysis of EU documents regarding brownfield rehabilitation reveals several
important consequences that can shape future policies and strategies. While 18
documents reference brownfields, only four—such as the Circular Economy Action
Plan (European Commission, 2020a) and the EU Biodiversity Strategy for 2030
(European Commission, 2020d)—explicitly address rehabilitation. This highlights a
significant gap, indicating the need for more targeted policies. The limited focus on
brownfields also suggests a lack of coordinated strategies across member states.
Developing comprehensive frameworks can encourage the consistent application of
best practices in urban redevelopment. Furthermore, the necessity for targeted
brownfield policies may stimulate discussions on increasing funding through
initiatives like the Just Transition Fund (European Parliament, European Council,
2021a), thereby supporting local efforts in site revitalization. Moreover, the analysis
emphasizes the importance of integrating brownfield redevelopment into broader
urban planning strategies, promoting both economic growth and sustainable land
use. By fostering collaboration among stakeholders and highlighting successes
documented in frameworks such as the European Green Deal (European
Commission, 2019b) and the EU Soil Strategy for 2030 (European Commission,
2021a), the EU can enhance knowledge sharing and capacity building in brownfield
management. Overall, addressing these issues positions the EU to strengthen its
approach to brownfield rehabilitation, aligning with sustainable development goals
while enhancing urban resilience (Szakonyi & Frank, 2024).

3.2 Hungarian legislative framework

Since 1997, Hungary's national legal framework has provided a clear definition of
brownfield sites. The Building Act LXXVIII of 1997 defines brownfield land as
parcels that have been abandoned, underutilized, or degraded—typically polluted
due to prior industrial, commercial, transportation, or defense uses—but that can be
transformed into areas of value-added development through environmental

remediation and technical intervention. Came to force from October 1, 2024, the
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Hungarian Architecture Act XXIII of 2023 replaced the Building Act LXXVIII of
1997. This new legislation not only reaffirms the definition of brownfield sites but
also establishes the principle of prioritizing their redevelopment. It stipulates that if
a brownfield site exists within a 5 km radius of the proposed new development
within a municipality's administrative area, new development areas may only be
designated in cases of significant public interest. Additionally, it delineates the
national boundaries for brownfield areas and mandates that information pertaining
to properties classified as brownfields, along with related governmental decisions,
must not contain personal data. The utilization of brownfield sites must take
precedence over greenfield developments, particularly when projects can be feasibly
developed on brownfields. To encourage this transition, the legislation advocates for
tax exemptions linked to remediation efforts and the establishment of specific urban
planning, parceling, and construction requirements. Brownfield areas should be
repurposed in ways that align with urban development goals and the overall urban
structure, ensuring adequate provision of both technical and green infrastructure.
Another significant legislative change occurred with the replacement of Government
Decree 253/1997 (X11.20.) on National Urban Planning and Building Regulations
by Government Decree 280/2024 (IX.30.) on the Basic Rules of Urban Planning
and Building Regulations. This decree clarifies urban planning and building
requirements while establishing specific regulations for the use of brownfield areas.
Moreover, according to the 21/2016 (IX.23.) Municipal Decree on Gy6t's Master
Plan, brownfield developments are positioned to play a critical role in Gy6t's urban

development concept and strategy, as well as in its overall urban planning processes.
4 Discussion

In Gyét, structural changes in the economy began in the years leading up to the
political transition, marked by the decline and closure of numerous industrial
enterprises, as well as their transformation. This process accelerated following the
political transition, resulting in the shutdown of most producer cooperatives and the
vacating of barracks formerly utilized by Russian forces. Consequently, this led to
the emergence of significant brownfield areas related to the city's scale. Over the
approximately 30 years since the transition, many previously abandoned buildings
and brownfield sites have gradually been repurposed and redeveloped. To date,

around 11 former industrial and military sites (Table 1) have undergone successful
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reutilization, reflecting a growing commitment to sustainable urban development

within Gyér.

Table 1: Brownfield developments of the last decade

Previous function New function

1. Former Wagon Factory 1. “Virostét” residential area and “Arkad” shopping
2. Former oil Factory mall
5. Dormer construction S lte. 2. EYOF’17, Olympic village and after residential area
4. Brownfield next to Papai st. . L

. 3. Lidl shopping center
5. Former Frigyes Barack . .

. 4. Residential area
6. Former hunting lodge . .
5. Leier business center

/- Gas centre 6. Neighborhood sub-center, trade servi
8. Former “Richard’s” factory 5. eighborhood sub-center, trade services

7. “Orémhir” Primary School
8. Operational industrial estate
9. Gy6r Shopping Mall Center

9. Former textile mills
10. Former “Gardénia” curtain

factory » ;

11. Former “Graboplast” plastic 10. ,,Dgna shgpplng centre
11.  Aldi shopping center

factory

The revitalization of the former oil factory in Gy6r was strategically planned in
advance of the European Youth Olympic Festival. The site, transformed into the
Olympic Village, exemplifies successful brownfield redevelopment, as the facilities
created during this event were later converted into residential apartments for the
community. Additionally, other sports facilities, including tennis courts and an
athletic center, were established on former brownfield sites throughout the city. This
sport-related urban development not only provided essential recreational amenities
but also represents a sustainable solution, integrating environmental rehabilitation
with community needs and enhancing Gy6r's overall urban landscape. The
demolished but not yet redeveloped former industrial sites stand out like structural
scats in the city strcucture. Therefore, an important task for improving the

environmental quality of the city is the prompt reutilization of these areas.
5 Results

At the moment another 11 brownfield sites awaiting development (Figure 2).
Although the redevelopment of the former Gy6r Biscuit and Wafer Factory has
already commenced, where the Széchenyi University Scientific and Innovation Park
is planned to be established in the near future. The former areas of the Wagon and
Machine Factory have long awaited their new function. The city previously planned

a Cultural Quarter with recreational areas for this substantial abandoned site.
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Although many of these neglected areas currently lack a designated new function,
urban development concepts are aimed at promoting sustainable growth in the city
by establishing urban sub-centers and further developing green, sports, and

recreational areas, paving the way for functional transformations in the future.

/ « ,
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Former Russian ind of specialty store utilzation or tothe
4/technical b P ity raitway 24457}
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Figure 1: Brownfield development sites near the city center of Gy6r

6 Conclusions

The case of Gy6r, Hungary, exemplifies the transformative potential of sustainable
urban land use, particularly through the redevelopment of brownfield sites into
vibrant sports and recreational areas. This study has outlined the city's strategic
approach to revitalizing neglected industrial spaces, aligning with both local needs
and broader European sustainability goals. Recent legislative frameworks, such as
the Architecture Act XXIII of 2023, emphasize the importance of prioritizing
brownfield rehabilitation, thereby paving the way for significant economic, social,
and environmental benefits. Through targeted investments and comprehensive
urban planning, Gy6r has successfully repurposed several former industrial sites, as
evidenced by the establishment of facilities for the European Youth Olympic
Festival and the conversion of these spaces into residential and community areas.
This integration of sports development into urban design not only addresses the
legacy of industrial decline but also enhances community cohesion, promotes health
and well-being, and contributes to environmental sustainability. However, as Gy6r
continues to navigate the challenges of redevelopment, it is essential to maintain

momentum in addressing the remaining brownfield sites without designated
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functions. Future urban planning should focus on transforming these areas into
functional spaces that support both recreational activities and green infrastructures,
ensuring a sustainable urban landscape for generations to come. By fostering
collaboration among stakeholders and adhering to EU directives, Gy6r stands as a
model for other cities aiming to leverage brownfield rehabilitation as a catalyst for

sustainable development in sport and beyond.
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As a new instrument of Cohesion Policy, the Just Transition Fund
(JTF) was introduced in the 2021-2027 programming period,
which is the part of the European Green Deal. Its main goal is to
make the European Union climate-neutral by 2050. The JTF
supports regions with high carbon emissions, and its aim is to
manage industrial transition and structural change. The study
examines how each region is implementing its Just Transition
Fund plans and what innovative funding systems have been
developed. In addition, through secunder research, we present
model projects that are moving towards a circular economy and
economic diversification and are relevant to the regions
concerned. Three similar coal regions have been highlighted
(Hungary - Baranya County, Czech Republic - Ust{ Region, Spain
- Asturias Region), which show similar economic and social
symptoms. Each of the three regions has approached the problem
with very different operational programmes and draft calls for
proposals, resulting in different pull projects to support their
economies. The aim of the study is to prove the hypothesis that,
despite the similarities in the economic environment, programmes
can be successfully implemented along the lines of the expected
effects of the Just Transition, even under different support

schemes.
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1 Introduction

The Just Transition Fund (JTF) was established by the European Union to
support regions disproportionately affected by the transition toward a climate-
neutral economy (BHuropean Commission, 2024a) within the 2021-2027
programming cycle, to slow down climate change The JTF is the first pillar of the
Just Transition Mechanism, which is part of the European Green Deal (European
Commission, 2024b), and its primary goal is to enable the European Union to
achieve climate neutrality by 2050. The Just Transition Mechanism (JTM) consists
of three pillars (European Commission, 2024c):

—  The Just Transition Fund (European Parliament and Council, 2021a),
— A dedicated Just Transition scheme within the InvestEU program
(European Union, 2024a).

— A public sector loan facility in cooperation with the European Investment
Bank (EIB) (European Investment Bank, 2024).

Compared to previous support mechanisms linked to the European Green Deal, the
Just Transition Mechanism introduces an entirely new approach. It does not solely
focus on the industrial transition of regions dependent on fossil fuels and/or regions
with high ETS (European Union Emissions Trading System) emissions. Instead, it
also secks to mitigate the negative social, economic, and environmental impacts of
climate neutrality measures through local interventions, combining grants and loan-
based financial support—not only for the private sector but also for the public

sector.

"The EU ETS is a key eclement of the EU’s climate action, aimed at reducing
greenhouse gas (GHG) emissions in a cost-effective manner." (Publications Office
of the European Union, 2024).

The Just Transition Fund supports regions that, for specific reasons, have
particularly high carbon dioxide emissions. To prevent regional disparities and in
line with the objectives of the EU's Cohesion Policy, the fund aims to facilitate
industrial transition and manage structural changes across all sectors, including

transportation, energy, agriculture, the built environment, and industry.
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Regions applying for support must demonstrate that their economies are heavily
dependent on fossil fuels (such as lignite, coal, peat, oil shale, heavy oil, or diesel)
and/or engage in carbon-intensive industrial activities (e.g., cement production).
While the Just Transition Fund does not directly finance the transition to climate

neutrality, it contributes significantly to its achievement.

In each country, the selection of the affected NUTS3 regions was based on statistical
analysis and an assessment of which areas are most impacted by carbon dioxide
emissions. This impact stems partly from coal and fossil fuel extraction, their use in
power plants, or high ETS (Emissions Trading System) emissions. The assessment
also included mapping potential economic and social challenges in the affected areas,

taking employment, economic, and environmental indicators into account.

We examined three coal regions struggling with similar fundamental problems, based
partly on their Just Transition Territorial Plans and partly with the assistance of
experts involved in local planning. All three regions have been classified by the
European Union as less developed regions under Article 108 (European Parliament
and Council, 2021b), meaning that, in addition to coping with the transition to
climate neutrality, they also face challenges arising from their weaker economic
conditions (Hungary — Baranya County, Czech Republic — Usti Region, Spain —
Asturias Region). These areas were coal regions before the 1990s, with economies

based on lignite mining.
2 Theoretical Background / Literature Review

The Just Transition Fund (JTF), established by the European Union, aims to provide
targeted support to those regions that are disproportionately affected by the
transition to a climate-neutral economy. This study explores how selected regions
are implementing their respective JTEF strategies, what innovative funding
mechanisms they apply, and which model projects support the shift toward a circular
economy. The research is based on secondary sources—including program
documents, operational plans, and policy analyses—and uses a comparative
approach to present the transition processes of three coal-dependent regions with
similar characteristics: Baranya County (Hungary), the Usti Region (Czech Republic),
and the Asturias Region (Spain).



9™ FEB INTERNATIONAL SCIENTIFIC CONFERENCE: SUSTAINABLE MANAGEMENT

38
IN THE AGE OF ESG AND AI: NAVIGATING CHALLENGES AND OPPORTUNITIES

It falls within the competence of the national government to designate which
institution patticipates in regional policy-making, and to determine the degree of
involvement granted to subnational actors in the planning and implementation of
development programs. Consequently, despite the strict regulatory framework of the
European Union, the institutional structures of territorial development vary
significantly across member states. These differences are closely linked to each
country's political and administrative systems, as well as to historically embedded

institutional traditions (Kengyel, 2016).

Although the three countries began from comparable economic and social baselines,
they adopted divergent planning mechanisms to approach the program (Huba-Varga
N., Pongracz A. Zadori 1., 2025). The three regions share several characteristics: the
gradual decline of previously dominant coal and heavy industries, aging
infrastructure, high unemployment rates, and low entrepreneurial activity. The aim
of this study is to demonstrate that although the socioeconomic context of these
regions provides a similar starting point, their respective operational programs offer
different responses to the challenges—yet all show evidence of the potential success

of a just transition.

Each of the three regions examined has developed its own development strategy and
JTF-related priority axes. These different financial mechanisms - calls for proposals,
indirect public support schemes, or even public risk capital funds - have been
tailored to the region. This underpins the objective of EU cohesion policy to reduce
territorial disparities while providing opportunities to test innovative, local
intervention models. In each of the three regions, projects aimed at circularising the
economy can be identified. Strong institutions and sound governance correlate with
higher fund uptake, whereas political instability or weak administration hinder
performance. The importance of institutional frameworks in program
implementation across Europe are high (Incaltarau, C., Pascariu, G. C., Surubaru,
N.-C. 2020).

3 Methodology
Each of the selected countries has integrated the Just Transition Fund (JTF) into

its operational programming framework in a distinct manner. The analysis is based

on the review of region-specific Operational Programs, from which the planned
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types of interventions, their respective target groups, and the anticipated impacts of

these measures were examined.

In Hungary, the JTF is not implemented through a stand-alone operational
program. Instead, it is embedded as a specific priority axis within the existing
Environment and Energy Efficiency Operational Program Plus (KEHOP
Plusz). Within this framework, dedicated calls for proposals are designed to support
transition-related activities. The Hungarian | TF-supported measures aim to promote
economic diversification, foster job creation, enable the re-skilling of workers,
and support the development of environmentally sustainable technologies and

infrastructures in the affected regions.

In Spain, the Just Transition Fund is implemented through a dedicated, stand-
alone operational program. In accordance with EU Regulation 1060 /2021, the
Managing Authority is the Directorate-General for European Funds under the
Ministry of Finance. In the Asturias Region, an administrative unit linked to the
Regional Ministry for Ecological Transition, Industry, and Economic
Development operates as an intermediate body responsible for the
implementation of the JTF Operational Program in that territory.

In the Czech Republic, the JTF is also implemented through a dedicated
operational program, namely the Spravedliva transformace Operational
Program (OPST). This program was specifically established to support regions
most severely impacted by the transition away from a coal-based economy, including
Usti nad Labem, Katlovy Vary, and the Moravian-Silesian regions. The OPST
sets out a coherent framework for project selection and investment focused on
regional restructuring, job creation, environmental restoration, and innovation-

driven development.

4 Results

Hungary (Baranya County)

In Hungary, the Just Transition Fund (JTT) is integrated into the national system as

part of the Environmental and Energy Efficiency Operational Programme Plus

(KEHOP+). Unlike other Member States, no separate regional chapters were
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created for each affected county. Priority Axis 5 addresses the social and economic
impacts of the transition to climate neutrality, targeting the counties of Baranya,

Heves, and Borsod, which are most exposed to these changes.

Although its focus is socio-economic, the priority also contributes to reducing
greenhouse gas emissions. It supports a wide range of interventions, including
economic diversification, environmental rehabilitation, and workforce reskilling.

Key intervention types include:

— Innovation and technology transfer

— Energy efficiency in enterprises

— Renovation of residential buildings

— Smart energy systems and storage. Developing smart grids and energy
storage solutions (e.g. hydrogen, battety systems).

— Brownfield rehabilitation. Cleaning up and repurposing contaminated
former industrial areas.

— Labour market adaptation. Supporting reskilling and job transition for
workers affected by the phasing out of fossil fuels.

Target groups include SMEs, workers in carbon-intensive industries, municipalities,
research institutions, energy sector actors, and households. (Hungarian
Government, 2022)

Spain (Asturias Region)

Asturias has its own regional priority under Spain’s stand-alone Just Transition
Programme (Programa Transicién Justa 2021-2027). The programme addresses the
socio-economic and environmental consequences of the climate transition, with a
focus on promoting economic diversification, job creation, renewable energy

deployment, and social cohesion.

Key thematic intervention areas include:

— Digital transformation (e.g., SME digitalisation, e-commerce)

— Business development (e.g., internationalisation, productivity)
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— Renewable energy (solar, biomass, energy efficiency)
—  Environmental remediation (polluted sites)
— Education and employment (reskilling, infrastructure)

—  Sustainable tourism and heritage preservation

Asturias was allocated €115.1 million in JTF funds, making it one of Spain’s largest
regional envelopes. Funding is co-financed at 50% by the EU and complemented by
national sources. Most support is provided as non-repayable grants, with future use
of financial instruments also foreseen. (Ministry for Ecological Transition and the
Demographic Challenge Spain, 2021)

Czech Republic (Usti Region)

In the Czech Republic, the Just Transition Programme 2021-2027 operates as a
separate OP, with distinct priorities for coal regions such as Usti nad Labem. Priority
2.1 addresses the negative impacts of coal phase-out, focusing on employment
transitions, economic restructuring, and territorial rehabilitation. Priority areas of

intervention:

—  Economic diversification (innovation, SME growth)

— New energy technologies (hydrogen economy, renewables, battery
production)

— Land rehabilitation (post-mining areas)

— R&D and digital transformation

—  Circular economy and waste management

—  Education and social inclusion

Support also targets hydrogen infrastructure, lithium-based battery production,
energy communities, digital applications, creative industries, and green

infrastructure.

Main target groups include SMEs (particulatly in energy, chemicals, glass/ceramics),
affected workers (through reskilling and support services), public institutions, and

vulnerable communities.
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Usti region is allocated over €232 million from the JTF and national co-financing,
enabling the implementation of regionally tailored transition strategies. (Ministry of
the Environment Czech Republic, 2021)

5 Discussion

The Just Transition Fund (JTF) programming architecture across the three examined
countries—Hungary, Spain, and the Czech Republic—reveals notable differences
stemming from institutional design, the degree of decentralisation, and the capacity
for regional differentiation. In Spain and the Czech Republic, the JTF is
implemented through standalone operational programmes. Within these, individual
regions—such as Asturias in Spain and Usti nad Labem in the Czech Republic—
possess dedicated priorities and earmarked budgets. This structure facilitates
alighment between programming and the socio-economic characteristics of each
region, enables region-specific performance tracking, and allows for greater
flexibility and strategic revision when needed. It also guarantees that financial
resources remain within the designated territories, thereby strengthening the role of

regional actors in programme execution.

In contrast, Hungary has opted to integrate the JTF into an existing operational
programme—the Environmental and Energy Efficiency Operational Programme
Plus (KEHOP+), under Priority Axis 5. Within this framework, the three concerned
counties (Baranya, Heves, and Borsod-Abadj-Zemplén) do not have separate
budgetary lines or priority structures. As a result, interventions follow a uniform
programme logic, limiting the ability to tailor actions to specific territorial needs.
One critical limitation of this approach is the lack of modularity; should regional
programme modifications become necessary, adjustments can only occur by

amending the entire priority axis.

Overall, the Spanish and Czech approaches provide regions with greater
programming autonomy, enhancing the effectiveness of the JTF by allowing for a
better fit with local transition challenges—such as economic diversification, the
social implications of phasing out coal, and sustainable labour market
transformation. The Hungarian model, by contrast, offers less flexibility and may be
less responsive to local variance, which could undermine the programme’s impact in

terms of territorial justice and targeted socio-economic resilience.
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6 Conclusions

The findings of the comparative analysis provide strong empirical support for the
initial hypothesis that, although the selected regions—such as Baranya (Hungary),
Usti nad Labem (Czech Republic), and Asturias (Spain)—share broadly similar
socio-economic legacies rooted in the decline of coal-dependent industries, the
implementation of regionally differentiated programming approaches does not
obstruct, but rather enables the successful realisation of the overarching objectives
of the Just Transition Fund (JTF). In fact, the observed variance in the design and
governance of JTF interventions across the cases reinforces the proposition that
context-sensitive policy frameworks can be more effective than uniform, top-down
models in addressing the complex and territorially embedded challenges of

economic and social transformation.

The study illustrates that each country has pursued its own Institutional
configuration and strategic logic in deploying JTF resources: Hungary embedded
JTF measures within the KEHOP Plusz operational programme as a dedicated
priority axis; Spain created a stand-alone operational programme at the national level
with decentralised implementation in regions like Asturias; and the Czech Republic
opted for a fully independent operational programme (OPST) to serve its most
affected coal regions. These configurations reflect distinct administrative traditions,
political economies, and multi-level governance structures, yet all demonstrate a high
degree of alignment with the Just Transition’s core objectives, such as

decarbonisation, job creation, and the revitalisation of vulnerable territories.

Moreover, the analysis underscores the value of territorial specificity and locally
adapted intervention logic as enablers of effective policy implementation. By
calibrating actions to the economic profiles, social needs, and environmental
conditions of their respective regions, programme authorities have been able to
design project pipelines that are both technically feasible and politically legitimate.
This affirms the theoretical proposition—frequently emphasised in EU cohesion
policy literature—that bottom-up planning, combined with funding flexibility and
multi-level coordination, enhances the responsiveness and legitimacy of structural

interventions.
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In sum, rather than constituting a batrier to coherent implementation, differentiated
programming mechanisms rooted in local institutional contexts contribute to a more
equitable and territorially just transition process. This highlights the importance of
maintaining decentralised governance arrangements and ensuring that future
funding cycles continue to allow for customisation and subsidiarity in programme

design and execution.
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Extant literature on remote work stress has yet to yield a reliable
scale. This study aims to refine the previously established 5-factor,
15-item Remote Work Stress Scale into a unidimensional
construct comprising 5 items. As part of the research, we
conducted a sutvey of 602 employees in Turkey who currently
actively work remotely. The results showed that the 5 item Short
form of the Remote Work Stress Scale is valid (X2/df= 4.91;
RMSEA=.08; SRMR=.02; NFI=.99; NNFI=.98; CFI=.99;
GFI=.99; AGFI=.95) and reliable (Cronbach’s Alpha=.88;
Guttman Split-Half Coefficient=.72). In addition, to examine how
the Remote Work Stress Scale differs according to demographic
factors, we used multiple correspondence analysis and found that
remote work stress is mainly affected by the sex, education and
job position. Accordingly, male employees in managerial
positions, working in private companies with university or lower
education experienced lower remote work stress whereas female
and non-managerial employees with master or higher education
experienced higher remote work stress.
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1 Introduction

Despite the growing body of research on remote work stress, there has been a lack
of a reliable measurement tool specifically designed to assess this phenomenon.
Remote work is defined as working outside of a traditional office setting, often
utilizing information and communication technology to perform tasks and
communicate with others (Beckel & Fisher, 2022). Remote work provides numerous
advantages, such as flexible hours and enhanced work-life balance; nonetheless, it
also entails specific disadvantages, such as isolation, increased workload, and
reduced communication (Ipsen et al., 2021). Costin et al. (2023) indicate that remote
workers encountered challenges related to work-life balance, emotional labor, job

burnout, and daily occupational pressures.

This study aims to make a significant contribution to the existing literature by
addressing two key objectives. First, it seeks to propose a valid and reliable
measurement instrument for remote work stress. Second, it aims to simplify the
Remote Work Stress Scale developed by the research group, which initially
comprises 5 factors and 15 items, into a more concise single-factor scale. By
achieving these objectives, the study intends to enhance the understanding and
assessment of stress experienced by remote workers. The primary objectives of this
research are to create a valid and reliable measurement instrument that accurately
captures the nuances of remote work stress while also condensing the original scale
into a more practical format, which aims to facilitate easier application and

interpretation of the scale in various organizational contexts.

This study also aligns with the United Nations’ Sustainable Development Goal 8
(SDG 8), which emphasizes the promotion of sustained, inclusive, and sustainable
economic growth, full and productive employment, and decent work for all (United
Nations, 2015). As remote work becomes a defining element of the modern labor
market, understanding and mitigating stress related to remote working conditions is
crucial for ensuring both productivity and worker well-being. Elevated stress levels
among remote employees can reduce job satisfaction, increase burnout, and hinder
overall performance, thereby threatening the goals of decent and inclusive work
environments (Eurofound, 2021; Wang et al., 2021). By developing a reliable and
valid instrument to measure remote work stress, this study contributes to global

efforts in advancing workplace practices that support employee mental health and
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promote sustainable economic participation. Furthermore, identifying vulnerable
groups who are more susceptible to remote work stress—such as women and highly
educated non-managerial employees—can inform targeted interventions that reduce

inequalities in work conditions and improve labor market inclusivity.
2 Methodology

For this study, we recruited white-collar employees with remote work experience
through LinkedIn, inviting them to participate voluntarily. We based our sample size
on the representative population size of 380 individuals at the 95% confidence level
with a 5% margin of error (Sample Size Calculator, 2025; Costello & Osborne, 2005).
The data collection tool consisted of two sections. The first section gathered
demographic information, including gender, educational status, marital status,
parental status, organizational type, job position, and age. The second section
contained the 15 item, 5 factor Remote Work Stress Scale developed by the research

group, which we aimed to shorten.

The study sample includes 602 participants. The majority are female (58.8%), have
a master’s degree or higher (52.2%), are married (55.6%), and do not have children
(61.3%). Most work in the private sector (82.9%) and hold non-managerial roles
(64.5%). The average age is 36 years (SD = 8).

3 Results

To develop a concise scale, we performed an exploratory factor analysis (EFA) on a
suitable dataset (KMO = .92; Bartlett’s Test x> = 6576.679, df = 105, p < .001).
Using Principal Component Analysis and Varimax rotation, we retained items with
factor loadings = .40 (Yong and Pearce, 2013), resulting in a single-factor scale
comprising items s4, s5, s6, s8, 89, and s12 (loadings: .76 —.79). This factor exhibited
an eigenvalue of 8.07, accounting for 53.80% of variance, surpassing the 50%

threshold typical in social sciences (Beavers et al., 2013).
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Table 1: Rotated Matrix Results (n=602)

Ttems Standard Factor
) Deviation Loadings
sl 2.82 1.30 -
s2 3.08 1.38 -
s3 3.07 1.45 -
s4 3.28 1.40 791
s5 3.44 1.35 767
s6 3.32 1.37 .799
s7 2.96 1.27 -
s8 3.18 1.29 765
s9 3.16 1.33 777
s10 2.74 1.31 -
s11 312 1.33 -
s12 3.00 1.30 764
s13 3.38 1.41 -
s14 2.98 1.34 -
s15 2.66 1.37 -
Eigenvalues 8.07
% of Variance 53.80

We conducted a confirmatory factor analysis (CFA) and found that item s9 had a
coefficient < .50 and a non-significant t-value (p > .05), leading to its exclusion.
After re-running the CFA, the final single-factor scale comprised 5 items with
coefficients ranging from .60 to .89, all significant at the 5% level (t > 1.96) (Hair et

al., 2010).
“
0.89
0.27
0.88,
&
0.89
0.20
0.58
0.60
f.ii
0.20
\,54 s12
Chi-Square=19.67, df=4, P-value=0.00, RMSEA=0.08 Chi-8quare=18.67, df=4, P-value=0.00, RMSEA=0.08

Figure 1: Standardized Coefficient Solutions and t-Values for the Scale

Goodness-of-fit indices supported an acceptable model: X2/df < 5, RMSEA = .08,
SRMR = .02, NFI = .99, NNFI = .98, CFI = .99, GFI = .99, AGFI = .95, validating
the short-form Remote Work Stress Scale (Comlekei & Basol, 2019; Ozkan et al.,
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2023). Reliability metrics included Cronbach’s Alpha (CA) = .88, Composite
Reliability (CR) = .88 (Basol & Comlekei, 2022), and Average Variance Extracted
(AVE) = .60 (Bagozzi & Yi, 1988). Split-half reliability showed an inter-form
correlation of .64 and a Guttman Split-Half Coefficient of .72 (Talli, 2019), with
corrected total-item correlations of .61-.80 (De Vaus, 2002). No item deletion
improved CA beyond .88, confirming the 5-item scale’s reliability (M = 3.25 + 1.11).
Correlations between the short and original forms ranged from .64 to .95, supporting
its substitutability (Table 2). Psychometric evaluations affirmed the short form’s
validity and reliability.

Table 2: Correlations Results Between Short and Original Form

SRWSS= Short form of Remote
Work Stress Scale; WILI = Work-Life
Imbalance; OWE= Overworking;
MIS= Miscommunication; INA=
Inactivity; INS= Insecurity; RWSS=
Remote Work Stress Scale

#p<.01

A multiple correspondence analysis (MCA) was conducted to examine typologies
among demographic variables and remote work stress levels (Figure 2). When
categorizing remote work stress into two groups (Low and High) and grouping
demographic variables into binary categories, four main axes emerged: remote work
stress, sex, education and job position. The results indicated that male employees in
managerial positions, working in private companies with university or lower
education experienced lower remote work stress; whereas female and non-
managerial employees with master or higher education experienced higher remote
work stress. This finding highlights the impact of sex, education and job position as

key determinants of remote work stress.
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Figure 2: Results of the Multiple Correspondence Analysis

4 Discussion and conclusions

The main objective of this study is to shorten the Remote Work Stress Scale. The
scales were shortened for several reasons, including time savings, reducing the
number of behaviors measured, and creating a short form with the same validity as
the long form (Kogar, 2020). Additionally, among its benefits are the ability to
eliminate challenges frequently encountered in empirical studies, reduce participant
burden, and provide efficiency, focus, and ease of implementation (Botes et al., 2021;
Kruyen et al., 2013). It also may be convenient for longitudinal studies, does not
intimidate participants when refilled at short intervals, and reduces the likelihood of
being left unfinished.
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This study aimed to condense the 5-factor, 15-item Remote Work Stress Scale into
a unidimensional, 5-item construct. In the first phase, data from 602 remote workers
were analyzed, yielding a valid and reliable shortened scale. In the second phase,
Multiple Correspondence Analysis assessed the relationship between the shortened
scale and six dichotomously coded demographic variables. Findings revealed that
male managers in private firms with university or lower education reported lower
stress, while female non-managers with master’s or higher education exhibited
elevated stress, highlighting the influence of gender, education, and occupational

status on remote work stress.

It is imperative that policymakers consider gender-sensitive and education-specific
policies when designing remote work regulations. Given that female and highly
educated non-managerial employees experience higher levels of stress, governments
and organizations should implement policies that promote work-life balance, mental
health support, and equitable work environments. Additionally, labor laws may need
to address remote work stress disparities to ensure fair working conditions for all

employees.

The present study makes a contribution to the existing literature on occupational
stress by providing a validated and reliable Short Remote Work Stress Scale
(SRWSS). The findings also lend support to the role of demographic factors—
particularly gender, educational attainment, and managerial status—in influencing
remote work stress levels. Future theoretical models on remote work stress should
integrate these factors to develop more nuanced frameworks for understanding

workplace well-being in remote settings.

Organizations should adapt remote work policies to address stress disparities among
different demographic groups. Furthermore, managers should implement targeted
interventions, such as flexible work arrangements, mentorship programs, and mental
health resources, to support highly educated non-managerial employees and female
workers. Additionally, HR professionals can use the shortened Remote Work Stress

Scale for quick and efficient stress assessments to improve employee well-being.

This study has some limitations. First, the sample consisted of remote workers from
a specific demographic, organizational and country context, which may limit the

generalizability of the findings. Second, the study relied on self-reported data, which
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may be subject to response bias. Third, while the shortened scale was found to be
valid and reliable, further validation across diverse industries and cultural settings is
needed. Future research should test the shortened scale in different occupational
sectors and geographical regions to enhance its applicability. Longitudinal studies
can explore how remote work stress evolves over time and whether interventions

effectively mitigate stress.
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1 Introduction

Enterprise Resource Planning (ERP) systems are critical tools that integrate business
processes to enhance efficiency and support decision-making processes. In today’s
rapidly changing business environment, companies must develop data-driven and
dynamic structures to maintain their competitive advantage. In this context, the
integration of artificial intelligence (AI) technologies into ERP systems offers
significant opportunities for businesses to manage operations more effectively,

optimize processes, and make strategic decisions (Haider, 2021).

For small and medium-sized enterprises (SMEs) in particular, which constitute the
backbone of many economies, Al-enabled ERP capabilities offer a chance to
accelerate digital transformation despite limited resources. SMEs are widely
recognized as key drivers of innovation and employment; thus, their successful
adoption of advanced technologies is vital for inclusive economic growth. By
harnessing Al within ERP systems, these smaller firms can overcome some of the
constraints in data analysis and decision-making that stem from their scale, thereby

narrowing the competitive gap between themselves and larger corporations.

ERP systems unify all operations of a business under one umbrella by integrating
various processes, ranging from accounting to supply chain management. However,
traditional ERP systems are limited in analyzing large and complex data sets. Al-
based methods overcome these limitations, making ERP systems smarter and more
autonomous (Hrischev & Shakev, 2022). For instance, predictive analytics enables
forecasting future demand and sales trends, natural language processing enhances
user experience, and process automation significantly reduces costs (Kunduru,

2023).

Al-powered ERP software provides numerous advantages, including integrated data
management, optimized processes, real-time access, more informed decision-
making, reduced operational costs, increased efficiency, high adaptability, superior
customer satisfaction, and enhanced collaboration. The integration of Al and ERP
systems facilitates businesses' adaptation to dynamic market conditions and plays a
critical role in digital transformation processes (Sevim & Biilbil, 2017). Predictive
analytics is one of the most critical advantages Al brings to ERP systems. It

accelerates decision-making in processes like demand forecasting, supply chain
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optimization, and cost analysis, providing businesses with a competitive edge (Sevim
& Bilbtl, 2017). Additionally, Al algorithms enable more effective use of the data
stored in ERP systems through big data analytics, thereby contributing to businesses

achieving their strategic goals.

This study explores the role of Al technologies in ERP systems, the advantages
offered by these technologies, and the challenges encountered. In particular, Al
applications that enhance predictive analytics, process automation, and user
experience will be examined in detail. Furthermore, the strategic contributions of
Al-supported ERP systems to businesses and their future potential will be evaluated.
In conclusion, the aim of this study is to highlight the innovations brought by Al-
supported ERP systems and the strategic advantages they offer to businesses,

contributing to the literature in this field.
2 Theoretical Background / Literature Review

The integration of ERP (Enterprise Resource Planning) systems and artificial
intelligence (AI) has become a prominent research area in recent years, attracting
attention at both academic and industrial levels. Most of these studies broadly
examine the impacts of Al-supported ERP systems on businesses. However, the
lack of in-depth sector-specific analyses and the limited number of practical studies
are notable shortcomings. Sevim and Bulbul (2017) made a study focusing on the
use of Al algorithms in the continuous auditing of ERP systems emphasized
significant benefits such as the automation of auditing processes and cost reductions.
However, sectoral differences and long-term effects were not addressed. Oguz and
Agtas (2024) has a study investigating the effectiveness of Al-supported ERP
systems in supply chain management discussing the contributions of predictive
analytics to decision-making processes. However, it lacked practical implementation.
Sarnic and Acar (2024) examined the potential benefits of integrating Al into ERP
systems. It did not include more specific applications. There is a study made by
(Bahssas et al., 2015) addressing innovative approaches in ERP systems and future
Al trends presented a theoretical framework but often lacked application details. (Jin
et al., 2022) has a study exploring the role of Al in the accounting module and the
benefits of automation discussed improvements in financial processes but did not

address applicability in different industries.
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Although the existing literature provides valuable insights into Al-supported ERP
systems, there are significant gaps. First of all, examining the impacts of Al-
supported ERP systems across different industries is missing. Secondly, there are
not many studies analyzing how small and medium-sized enterprises (SMEs) can
benefit from Al technologies. Finally, investigating the long-term effects of ERP
and Al integration and their contributions to digital transformation processes is not

thoroughly mentioned.

This study not only aims to fill these gaps in literature but also explains how modern
Al techniques, such as predictive analytics, natural language processing (NLP), and
deep learning, can be used within ERP modules. Overall, this study highlights the
potential of Al and ERP integration in the business world from both academic and

industrial perspectives and sheds light on future research.
3 Methodology

The integration of artificial intelligence (Al) into Enterprise Resource Planning
(ERP) systems has become a transformative element that elevates organizational
efficiency and performance. This section discusses the role of Al in ERP systems
and the applicable methods. Figure-1 illustrates various use cases and functions of

Al integration in ERP systems.

' o
Customer
Service
Advanced Production
Analytics ‘ process.
ERP

/‘

Figure 1: ERP Tools
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31 Use of Artificial Intelligence in Customer Services

Al-based applications such as chatbots, digital assistants, and automated response
systems significantly contribute to improving customer satisfaction while reducing
operational burdens. Specifically, natural language processing (NLP) technologies
excel in understanding customer demands and offering appropriate solutions. For
example, in the banking sector, Al-based assistants offer a wide range of services,
from credit applications to customer account inquiries (KORUMAZ, 2023); (Iseri
et al., 2021). The use of Al in customer services not only improves operational
processes but also enables businesses to build stronger connections with their
customers. These systems enhance customer satisfaction while providing businesses

with a strategic competitive advantage (Hargreaves et al., 2018; Li & Xu, 2022).
3.2 Optimization in Production and Inventory Processes

Al technologies integrated into Enterprise Resource Planning (ERP) systems enable
businesses to streamline their operations through real-time data analytics. Walmart
improves product projections by utilizing advanced computer vision and machine
learning technologies. In order to monitor the stock in real time and automatically
alert Walmart and its suppliers when their products are sold out, they receive data
from the robotic shelf scanner in addition to numerous other data signals. This
allows them to replenish their stores more quickly (Mostafa, 2020). Al algorithms
plan production processes, reducing raw material lead times and costs. In supply
chain management, Al contributes to improving logistics processes (Turgut, 2023).
Moreovert, the predictive analytics capabilities of Al algorithms allow businesses to

anticipate supply chain disruptions and take proactive measures (Yaziim, n.d.).
3.3 AI-Supported Automation in Financial Management

Al strengthens financial management processes by being utilized in credit risk
analyses and investment decisions (Masraff, n.d.). Advanced data analytics and
machine learning algorithms monitor and report unusual financial transactions in
real time, simplifying audit processes. For example, Al-supported ERP systems can
quickly identify fraud risks by analyzing large volumes of financial data and improve
regulatory compliance (CETIN & TIRYAKI, n.d.). Al-supported ERP systems are

redefining the standards of efficiency and accuracy in financial management. These
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technologies play a crucial role in helping businesses achieve their digital
transformation goals, creating significant value for both large-scale enterprises and

small to medium-sized businesses (Kestane & Kurnaz, 2019).

3.4 Use of Advanced Analytical Methods

Predictive analytics tools not only analyze existing data but also offer insights into
future market trends, creating significant opportunities for businesses to gain a
competitive advantage (Percin & cansu G6k, 2013). In patticular, advanced analytical
methods enhance operational efficiency in supply chain and production
management. Al is utilized to optimize logistics processes, predict delays, and
evaluate supplier performance (Rezki & Mansouri, 2024). The integration of
advanced analytical methods into ERP systems not only facilitates data analysis
processes but also strengthens strategic decision-making. Big data analysis and
predictive modeling significantly contribute to businesses gaining a competitive edge
and achieving long-term success (SAP., n.d.).

3.5 Sales Automation and Forecasting

Al-supported ERP systems analyze customers’ purchase histories and habits,
making cross-sell and up-sell strategies more effective (Celebi & Bulut, 2016). Al-
supported ERP systems support businesses in making strategic decisions by
predicting market trends. For instance, an automotive manufacturer could use Al
algorithms to analyze regional sales trends and determine which markets to
prioritize. Furthermore, machine learning applications such as price elasticity
analysis allow businesses to optimize product pricing according to market dynamics
(Ranganathan et al., 2024). In sales management, Al-supported ERP systems not
only improve operational processes but also provide businesses with strategic
advantages that enhance profitability. These technologies enable businesses to better

evaluate future sales opportunities while increasing customer satisfaction (Duzelten,

n.d.).
4 Results

The findings indicate that Al-driven ERP systems significantly enhance business
efficiency by automating routine processes, improving decision-making, and

optimizing resource allocation. AI-powered ERP software offers advantages such as



8. Ozean, C. Akturk, C. Cubuken Cerasi: The Role of Artificial Intelligence in Enterprise
Resource Planning (Erp) Systems

61

real-time data analysis, demand forecasting, and cost reductions, making enterprises

more adaptable to market fluctuations.

Table 1: Analyst Evaluations of ERP Software in 2024 (Hari, 2025)

ERP SOFTWARE ADVANTAGES OF ERP SOFTWARE

Modern interface

Wide range of features
Scalability and flexibility
Imtegration with Oracle products
Security and compliance

ORACLE

ORACLE
CLOUD

Scalability
Real-time information

SAP 54 HANA

ACUMATICA

Maobile access
Streamlined workflows

Less maintenance

Flexible and customizable

Scalable

Mobile access and user-friendly
Powerful features and integrations
Strong community support

Acumatica 85

User-friendly interface

MS DYNAMICS 365

e o2

ORACLA NETSUITE

Flexible customization
Seamless integrations

Powerful analysis tools
Scalahility

Enhanced visibility
Easy to use
Real-time data
Scalability and flexibility

ORACLE

NetSuite 80

Scalability and flexibility
Security

INFOR
4 Global solution
I n for w Supports core business processes
Supports multiple business models
User-friendly interface
Access to innovation

According to Table 1 and the report of Hari (2025), a comparison of leading Al-
driven ERP solutions, including Oracle Cloud, SAP S/4 HANA, Acumatica,
Microsoft Dynamics 365, Oracle NetSuite, and Infor, reveals that while these
platforms provide powerful Al capabilities, their effectiveness varies based on cost,

customization flexibility, and implementation complexity.

Oracle Cloud excels in machine learning and NLP applications but poses financial
constraints for SMEs. SAP S/4 HANA is strong in predictive analytics but has high

implementation costs. Acumatica supports automation but has limited community
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support. Microsoft Dynamics 365 offers advanced anomaly detection but features a
complex user interface. Oracle NetSuite specializes in big data analytics but presents
cost-benefit concerns for mid-sized enterprises. Infor is effective in cost analysis but

has scalability limitations for large enterprises.

Overall, Al-driven ERP systems enable businesses to improve operational efficiency
and gain a competitive edge. However, their successful adoption depends on
company size, industry-specific needs, and financial capabilities. While Al enhances
ERP functionalities, businesses must evaluate software suitability based on strategic
goals and resource availability (Hari, 2025).

5 Discussion

This study has explored the impact of Al-based ERP systems on business processes
and their role in digital transformation. The integration of Al technologies into ERP
systems provides significant advantages in areas such as efficiency improvement,
cost optimization, process automation, and the enhancement of strategic decision
support mechanisms. The effects of Al usage are particularly evident in ERP sub-
modules such as customer setrvice, finance, production and sales. The successful
implementation of these technologies requires robust technical infrastructure,
trained personnel, and appropriate management policies. Businesses must consider
factors such as cost, time, and organizational change management during the
transition to these technologies. For small and medium-sized enterprises (SMEs),
these considerations are often particularly challenging given their constrained
budgets and limited specialized personnel. Many leading Al-driven ERP platforms
entail high implementation and maintenance costs, which can be prohibitive for
smaller firms (Hari, 2025). Furthermore, SMEs may lack in-house expertise to
manage complex Al integrations, and they have fewer resources to absorb the risks
and disruptions associated with major technological changes. These obstacles can
slow down SME adoption of Al-supported ERP systems despite the clear potential
benefits. Therefore, developing cost-effective and scalable AI-ERP solutions
tailored to the needs of SMEs is critical to accelerating their digital transformation
processes. The findings of this study offer valuable insights by highlighting practical
approaches that smaller enterprises can employ to harness Al within their ERP
environments. By identifying key areas—such as using predictive analytics for

demand forecasting or deploying process automation for routine tasks—where Al
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integration yields immediate efficiency gains, this research provides a roadmap for
SME:s to prioritize investments that deliver high impact. In doing so, even resoutce-
constrained businesses can leverage Al-driven ERP capabilities to streamline their
operations and enhance their competitiveness. In addition to the SME-focused
insights, there are broader considerations for the successful integration of Al and
ERP systems. Investigating the effects of Al algorithms on data security, regulatory
compliance, and regional differences remains a critical step toward ensuring the
widespread applicability of AI-ERP solutions. For example, assessing the impact of
regulations such as the European Union’s General Data Protection Regulation
(GDPR) on the functionality of Al algorithms is crucial to guarantee that Al-
empowered ERP systems remain effective and compliant across different
jurisdictions. In conclusion, Al-supported ERP systems play a strategic role in
optimizing business processes and providing a competitive advantage for businesses

of all sizes.
6 Conclusions

Al-supported ERP solutions provide significant advantages in areas such as selecting
the right resources in supply chain management, optimizing procurement processes,
and rapidly resolving related issues. The integration of Al technologies such as
machine learning and natural language processing (NLP) into ERP systems enhances
customer services, analyzes consumer behavior, generates feedback, and supports
sales forecasting, delivering substantial benefits. Additionally, AI-supported systems
that provide real-time information enable businesses to quickly adapt to changing
market conditions. This study has examined the organizational benefits of
integrating Al into ERP systems in detail, aiming to contribute to literature. The
research results indicate that Al-supported ERP systems hold great potential in areas
such as error-free data management, simultaneous integration of all departments,
and sales and demand forecasting. Future studies could conduct a comparative
analysis of ERP solutions in terms of Al usage, and they can also conduct case
analyses on the applications of Al-supported ERP systems across different

industries.
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1 Introduction

In this research, we will analyze how financial intermediation affects economic
growth in the Western Balkan countries. We will focus on the importance of
financial institutions, capital markets, and financial market infrastructure in
promoting investment, developing important economic sectors, and improving
sustainable conditions and inclusive economic growth in this region.This study aims
to provide an in-depth analysis of the complex links between financial
intermediation and economic development in the Western Balkans, highlighting the
challenges and opportunities for the future of these countries in the context of
regional integration and the global impact of financial markets.The role of financial
intermediation in economic growth has been widely recognized in many different
research studies. The main engines of economic growth, capital and total factor
productivity, can be stimulated and influenced by finance. Financial intermediaries
favor savings and reduce the transaction costs associated with capital accumulation.
By allocating funds to the most productive initiatives and keeping an economic eye
on them, financial intermediaries play a critical role in increasing total factor
productivity (Yusifzada & Mammadova, 2015).

The paper is divided into four sections. The first part includes the literature review,
the second part includes the scientific methodology and the specification of the
econometric model. The third part includes the statistical analysis and findings of
the study, while the last part includes the conclusions and discussions of this study.

2 Literature review and meta-analysis

Financial intermediation has been the subject of study for many years. It has been
said many times that financial intermediation plays a very important role in the
economic development of a country because it is crucial in channeling funds to
productive users, promoting economic development and improving opportunities
for income distribution and poverty reduction. Credit is a large amount of money
that a bank gives to a citizen, or society, etc., at their request, on condition that it is

returned in installments within a certain time (Hadéri, 20006).
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A financial intermediary acts as a middleman between two parties to a financial
transaction, such as a commercial bank, an investment bank, a mutual fund, or a
pension fund. Financial intermediaries provide a number of benefits to the
consumet, including security, liquidity, and economies of scale inherent in banking
and asset management. While in certain areas, such as investing, advances in
technology threaten to eliminate the financial intermediary (Chen, 2020). Author
(Pagano, 1993) explains three channels through which financial development can
affect economic performance. First, financial intermediaries improve the efficiency
of investment. Second, efficient financial systems reduce transaction costs and
increase savings as a result. Third, financial sector development can increase or
decrease savings. Much of the literature on economics has addressed how financial
institutions can influence the acceleration of economic expansion. Several years
eatlier, (Schumpeter, 1934) used the function of the banking industry as an
intermediary to identify how it finances technological advances. Schumpeter
explained how this goal could be achieved by identifying and financing business
owners who have innovative concepts and creative production techniques to
efficiently distribute savings. Levine (1997) and Schumpeter (1934) argued that
economic progress resulted from the interaction between financial and real
advances. The importance of financial markets and financial intermediaries for
economic growth was emphasized by Schumpeter. This view was supported by
(Hicks, 1969) who argued that financial resources were necessary for developing

countries to industrialize.

Table 1: Meta-analysis of research

Author Year Methodology Finding
The Impact of Based on data, approximately
Financial 30% of Nigeria's GDP growth
1970- Intermediation Correlation over the years has come from
(Azege, 2004) 2003 on Economic lvsi the banking sectot's credit
) Growth: An anatysis allocation to the economy,
Analysis for according to data analysis in
Nigeria this research.
Financial The eYldence suggests that
. . financial development
intermediation .. . .
(Seven & 1991- | and cconomic positively impacts economic

Yetkiner, 2011 cowth: Docs Panel data growth in low- and middle-

2016) 1%1 come' income countries. In high-

matter? income countties, the effect is
) detrimental.
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Author

Methodology

Finding
The comprehensive results of
the study show that financial
intermediation contributes to
economic growth in Nigeria.

Financial Time series This study shows that the years
. Intermediation 2004 to 2007 were considered
(Ibrahim, 1970- . Data .
2012 2010 and Economic anomalous during the last ten
) Growth in years of the study. During this
Nigeria period, credit to the private
sector grew at high rates, while
the capacity utilization rate
grew at the slowest average
annual growth rate.
Based on the results, we see
that for all financial factors
Financial considered, there is no causal

(Atindéhou., intermediation relationship between economic

Jean Pierre, & | 1961- | and economic VAR analysis development and any of the

Edoh Kossi, 1997 growth: three countries analyzed.

2005) evidence from Mauritania shows some
West Africa elasticity because economic

growth seems to be affected by
all financial factors.
Both channels of financial
intermediation are important in
Financial developing counttries; financial
(Orenuga & intermediation depth, which is the ratio of
ug 1970- and economic financial aggregates to GDP,

Oyedokun, . Panel data . .

20“22) 1980 growth in only stimulates economic
developing growth in low-income
countties developing counttries; in high-

income countries it has no
effect.
According to econometric
findings, the development of
financial intermediation in
The . .
China has two impacts on the
development of \ -
financial country's economic growth:
. . The GMM first, it replaces state budget
1985- | intermediation . . .
(Hao, 20006) . model allocations with credit and
1999 and economic . .
second, it mobilizes household
growth: The .
Chinese savings. However, because
i credit is distributed inefficiently
experience through financial
intermediaries, credit growth
does not stimulate growth.
. . The study finds a cointegrated
Financial relationship between financial
(Sebuhuzu & | 1996- | Intermediation relationship between tnancia
. Panel data intermediation and economic

Harold, 2017) | 2010 and Economic . . .

Growth: growth in Rwanda, with private

sector credit and liquidity
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Author Year Methodology Finding
Evidence from shocks driving output
Rwanda fluctuations. Strengthening the

financial sector can boost
economic growth.

From the research we say that
lending to the private sector

The Effect of does not stimulate economic
Financial . growth. The reason for this
Intermediation Autoregressive may be interest rates that can
(Emmanue & | 1986- Distributed Lag Y b .
Odum. 2019) | 2017 on the (ARDI) negatively affect economic
s ) Economic ’ growth. Therefore, it is

technique. .
Development of 4 suggested to reduce interest

Nigeria rates to increase the
performance of the productive
sectors of the economy.

Source: Data analyzed by authors (2025)

3 Methodology

The purpose of this study is to analyze the impact of financial intermediation on
economic growth in the countries of the Western Balkans. To carry out the research,
it will use secondary data provided by reliable sources from the World Bank, the
International Monetary Fund and others. Also, in the literature review part, we will
focus on the works of different authors on the determinants of financial
development, together with relevant books by experts in the fields of finance,
economics and management. Also, we will focus on wvarious international
conferences, numerous reports and safe resources from the Internet. The study will
use panel data covering a 10-year period (2013-2022). For data processing we will
use the STATA software program. The importance of the paper lies in its aim to
provide real and consistent results that can shed light on financial intermediation
and economic growth. The data will be processed in the STATA program and to
prove the validity of the hypotheses of this study, we will apply the following
statistical tests: descriptive statistics, linear regression, random effect, fixed effect,
Hausman - Taylor regression, GMM, Arellano Bond Valuation Model, Generalized
Valuation Equations (GEE Model).

The research questions of this research are:

1. How does credit, deposits, inflation and interest rate affect the GDP of
Western Balkan countries?
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2. How does credit affect the economic growth of the countries of the
Western Balkans?

3. How does the interest rate affect investments and the economic

development of the countries of the Western Balkans?
The hypotheses of this paper are constructed in this way:

HO: Financial intermediation does not affect economic growth in Western Balkan countries.

H71: Financial intermediation affects economic growth in Western Balkan countries.

Table 2: Description of the variables included in the econometric models

Variables Description of variables Data source
1 ()
Dependent variable (Y) g]rS)Is)z Domestic Product (% égrlngg é{ZCZI;OItS of the BankWorld
Independent variable Domestic credit to the private Annual Reports of the BankWorld
X1) sector (% of GDP) (C) (2013-2022)
Independent variable Inflation, consumer prices Annual Reports of the BankWorld
(X2) (annual %) (I) (2013-2022)
Independent variable Real Interest rate (annual %) Annual Reports of the BankWorld
(X3) (IR) (2013-2022)
Independent variable Bank deposits to GDP Annual Reports of the BankWorld
X4 (annual %) (D) (2013-2022)

Soutce: Data analyzed by the authors (2025)

The econometric model that will be used in this study is specified as follows:
GDP = Bo + BiC + BoI+ + IR + B4D + it

4 Results

In the chapter, the results will be presented through econometric analysis, where in
this part the hypotheses presented in the research will be tested and we will try to
get answers to the research questions presented earlier. Initially, descriptive statistics,
linear regression, fixed effect model, random effect model, Hausman Taylor
Estimation, GEE Model and GMM Model will be analyzed in this part. All these
results will be extracted through the STATA program.In the following table,

descriptive statistics will be presented for the variables included in the research,
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where the part of observations, the average, the standard deviation, the minimum
and the maximum of the variables will be analyzed.

Table 3: Descriptive statistics for the variables included in the econometric model

Variables . Mean Std.Deviation Minimum Maximum
GDP 70 2.957143 4.192905 -15.3 13.8
Loans 70 48.53857 8.591693 33 68.3

Inflation 70 2.095714 3.249278 -1.1 14.2

Deposits 65 4.002646 171474 3.634951 4.347694

Interestrate 43 1.399159 7407248 -1.203973 2.433613

Soutce: Authot's calculations in Stata (2025)

Based on the data obtained from descriptive statistics, we can observe that the
sample of our work is of 70 observations, as for the average, we see that the variable
with the highest average is credit. If we analyze the part of the standard deviation,
we can notice that we have the highest value of the standard deviation in the credit
variable as well, in the part of the minimum value is the inflation variable, and as for

the maximum value, again the loan has the highest value.

Normal P-P Plot of Regression Standardized Residual
Dependent Variable: GDP

Observed Cum Prob

Histogram
Dependent Variable: GDP

]
EH

Frecuency

& 4 2 0 2

Regression Standardized Residuel

Figure 2: Graphic representation of the histogram
Source: Authors' calculations in Stata (2025)
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Based on the graphical representation of the histogram, we see that between the
dependent variable of GDP and the independent vatiable there is a normal

distribution of these variables included in the analysis.

GDP = B48.06739 + B;-.0987749+ 8,.8647457 + B3-1.560745 + 8,9.810035 + yit

Table 4: Econometric results and empirical findings of the study

Random Fixed Hausm:
Variablat Linear Effects — E;tLect: a nfm - GEE GMM
S Regression GLS . e Model Model
. Regression Regression
Regression
GDP - - - - - -
Loans -.0987749 -.0987749 _(8%%2&33 _(gz)%‘;lff -.0614614 | -1.045368
(0.144) (0.1306) ' ' 0.077)* (0.000)***
Infion | SOATAST | 8647457 | 1203724 | 1258286 '1((2)0798%2 201(};79)2
(0.152) (0.143) (0.039)** (0.035)** ' '
Interest -1.560745 -1.560745 -1.370628 -1.505059 -.5019236 | -.5130925
rate 0.071% | (0.063)% (0.156) (0.101) (0.478) (0.498)
Depogits | —-810035 9.810035 -12.25491 -14.15431 -3.713612 | -13.63079
P (0.027)** (0.022)** (0.227) (0.128) (0.050)** (0.149)
Const ?58597)12 ?(?(?06()7)22 86.38403 86.71609 20.92214 30.12865
' ' ’ (0.030)** (0.022)** (0.020)** (0.002)**

Soutce: Authors' calculations in Stata (2025)
Explanation: P-values are shown in brackets: *** indicates statistical significance at the 1% level; ** indicates

statistical significance at the 5% level and * indicates 10% statistical significance.

Based on the econometric results in the table above, we can conclude that some of
the independent variables are significant at the 1%, 5% and 10% levels. For
interpretation purposes we will base on the Random Effects GLS model, where in
this regression the results are better.

B0 - If all other factors are constant, then GDP will be 48.06739 units.

B1 — If private sector credit increases by one unit holding all other variables constant
then GDP will decrease by -.0987749 units. This statement is not correct as it is not
within the 5% confidence interval, because (p-value = 0.136>0.05). If we analyze it
from an economic aspect, we can say that the increase in credit for the private sector
can stimulate investment and consumption, allowing businesses to expand and

improve their production capacities, as well as consumers to increase their spending
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on goods and services. This increase in investment and consumption can lead to

increased economic activity and job creation, contributing to overall GDP growth.

B2 — If inflation increases by one unit, holding all other variables constant, then GDP
will increase by 0.8647457 units. This statement is not correct as it is not within the
5% confidence interval, because (p-value = 0.143>0.05). If inflation increases, GDP
can be negatively affected. Increased inflation leads to higher prices for goods and
services, which can reduce consumer purchasing power and reduce consumption.
In addition, increased costs for businesses can reduce profits and reduce new
investment. This combination of reduced consumption and investment can slow

economic growth and lead to a decrease in GDP.

B3 — If the interest rate increases by one unit, holding all other variables constant,
then GDP will decrease by -1.560745 units. This statement is correct because the
significance value is within the 10% confidence interval, because (p-value =
0.063<0.10). Increasing interest rates makes it more expensive for consumers and
businesses to obtain credit, reducing consumer spending and business investment.
This reduces aggregate demand in the economy, slowing economic activity. In

general, increasing interest rates tends to slow economic growth and reduce GDP.

B4 - If deposits increase by one unit, holding all other variables constant, then GDP
will increase by 9.810035 units. This statement is correct since the significance value
is within the 5% confidence interval, because (p-value = 0.022<0.05). An increase
in bank deposits improves the liquidity of financial institutions, enabling them to
provide more credit to businesses and consumers. An increase in credit can
encourage businesses to invest in expanding production capacities and increasing

individual consumption, leading to an increase in economic activity.
5 Conclusions and discussion
The topic of the impact of financial intermediation on the economic growth of the

Western Balkan countries is important for understanding how to improve the

tinancial infrastructure and stimulate economic development in the region.
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From the analyses conducted and the results obtained, we can conclude that financial
intermediation has a positive impact on economic growth and that the base
hypothesis (H1) in this case is accepted and HO is rejected. From the tests conducted
through the STATA program, we noticed that some of the variables were related to
each other and some of them were not. Credit and inflation were two of the vatiables
that did not have much impact on economic growth. This is as a result of various
economic factors. Credit for the private sector has not had much impact because
those loans that businesses receive do not directly affect economic growth because
most businesses receive those loans to justify to the state that they are in credit and
should not burden us with many obligations. While the interest rate and the deposit
rate had a positive impact on the economic growth of the Western Balkan countries.
Overall, the results were acceptable for the period analyzed, given that there was also
a lack of data in some countries.In the Western Balkan countries, financial
intermediation has played an important role in facilitating access to financial
resources for businesses and individuals. Intermediation has improved access to
credit and stimulated economic activity by supporting investment and consumption.
However, there are major challenges that hinder the full potential of financial
intermediation in these countries, such as the lack of financial market infrastructure,
low property registration, and weak financial management standards in financial
institutions. Investments in the development of financial infrastructure and
increased transparency in financial systems will help address these challenges and
increase the impact of financial intermediation on the long-term economic growth

of these countties.

During this research, we also encountered some limitations such as the lack of data
for some countries which affected the reduction of the sample of the work and the
lack of tresearch of this nature for the Balkan countries. But we conclude that the
results of our work are original and reliable,through the obtained results, we say that
the results of this study will serve as good scientific and empirical evidence for future
studies that will be carried out in the field of financial economics. The results of this
study will serve as practical evidence for the governments of different countries of
the world regarding the part of financial development and financial intermediation
of a country, how to design strategic macroeconomic policies that will positively
affect the financial development of economies. of the countries of the Western
Balkans.
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1 Introduction

The paper connects relatively autonomous considerations of agriculture as a sector
of the national economy that influences the performance of the economy and rural
simplicity, without which the various functions of agriculture cannot be realized.
Agriculture and the countryside are seen as complements that cannot be viewed
separately if sustainability aspects are to be fulfilled. Sustainability and the
complementarity of agriculture and rural areas in the EU countries are two important

interlinked concepts that are part of the European Union's Common Agricultural

Policy (CAP).

Agriculture is a key part of the rural economy and society, but rural areas also include
other aspects such as services, forestry or local business. It is, therefore, a matter of
ensuring that economic policy supports not only food production and agricultural
activities but also the development of other rural activities that can help to diversify

the rural economy and improve living conditions in these areas.
2 Theoretical Background / Literature Review

For more than two decades, the relationship between agriculture and the countryside
has been intensively studied. Cairol et al. (2009). This relationship can be examined
in a wide range of aspects, including, among others, social, economic and
environmental. Kasimis (2010), Kalantaryan et al. (2021) not only in the context of
economic and social have analysed the migration process and integration in the
context of rural and agriculture. Kusio et al. (2022) analysed the positive functioning
of rural communities in relation to support by way of social and structural policy

instruments and measures, using the example of five European rural regions.

The links between economic and environmental through the analysis of the
relationship between multifunctionality and agricultural sustainability were explored
by Casadevall (2016) using Burobarometer reports. The role of environmental
aspects in rural development was highlighted by Take Barbier (2025). Papadopoulos
(2015) explored the promotion of the functioning of rural areas and agriculture
through CAP instruments and measures. According to some studies, the public,
consumers and researchers (Hart and Bas-Defossez, 2018; Lakner and Pe'er, 2018;

Recanati et al., 2019) have long criticised CAP and called for a paradigm shift
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towards more environmentally, socially and economically sustainable policies (Rac,
Erjavec and Erjavec, 2015). Similarly, with a focus on food security, Volyk et al.
(2023) examined farm competitiveness.

The increasing role of digitalisation and its impact on rural life, based on the use of
rural development tools and measures, has been explored by Ferrati et al. (2022),
Preston et al. (2007), Koutridi, E., & Christopoulou, O. (2023), Ma et al. (2023). A
critical perspective on the use of some of these tools is offered by Prusa et al. (2022),
with an emphasis on the possibilities of increasing rural resilience by harnessing its

endogenous potential.

The Common Agtricultural Policy (CAP) is the most important common policy of
the European Union and is one of the few areas funded mainly by the European
Union. Although the share of the CAP in the EU budget has decreased from 66%
in 1980 to 35% in 2020 (Lillemets, Ferté and Viira, 2022), it still constitutes a
significant part of total EU spending. It can, therefore, be expected to substantially
impact the economic, environmental, and social aspects of agriculture and life in

rural areas.

According to the most recent change to the CAP, member states are supposed to
have increased subsidiarity in the planning and implementation of the CAP. Each
Member State has drawn up a CAP strategic plan, which includes interventions for
Pillar I (direct payments) and Pillar II (rural development). The preparation of the
plan is based on quantitative and qualitative current information that will provide a
thorough analysis of the current situation in the country, actively involve all related
economic and social partners, and will be connected to a set of common economic
and biophysical indicators defined in the regulation (Kremmydas and Tsiboukas,
2022).

3 Methodology

The paper has two aims. From a macroeconomic perspective, taking into account
the degree of urbanisation, the aim is to assess the economic performance of selected
EU countries in terms of labour productivity in rural areas and to provide a more
detailed view on labour productivity in sector Agriculture, forestry and fishing. From

a microeconomic perspective, the aim is to assess the economic situation of the EU
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countries in terms of labour productivity of average farms and the impact of CAP
on the development trends in the agricultural sector as one of the foundations for
the sustainability of the rural area. The examination of the broader socio-economic
framework was carried out in relation to the population of rural households in each
EU Member State. Furthermore, the examination focused on the analysis of a purely
economic category, which is labour productivity. This was first examined as the level
of gross domestic product generated in the rural area per 1 employed person in the
rural area (LP_R) and then, in more detail, this labour productivity was examined at
the level of value added generated in the agricultural sector in the rural area per 1

employed person in the rural agricultural sector (LP_RA).

The data were taken from the Eurostat database. Due to the lack of data on the
share of RH in 2005 in the Netherlands, Romania and in 2020 in Sweden, these data
were replaced by the closest published data. In addition, Cyprus, Malta and
Luxembourg were excluded from the analysis due to missing data. The analyses

examined were carried out using Statistica software.

Labour productivity (LP_R) in rural regions was calculated as a share of GDP in
million EUR (GDP) on thousand employed persons in rural areas (EPR).

LPR = GPP/ppp
The other indicator is labour productivity in rural areas (LP_RA) in the sectors of
Agtriculture, forestry and fishing. It was calculated as Gross value added in the sector
of Agriculture, forestry, and fishing at basic prices (GVA) on thousand employed
persons in Agriculture, forestry and fishing (EPRA) predominantly in rural areas.

Tables 1 and 2 below show descriptive statistics for variables LP_R and LP_RA in
the years 2005 and 2020.
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Table 1: Descriptive statistics for variable LP_R

Variable
LP_R_2005
LP_R_2020

Source: Eurostat (2025), authors calculation.

Descriptive Statistics LP_R

Mean
36,41026

Minimum
5,95765

Maximum
68,7418

Std.Dev.
22,61550

53,05480

14,54034

138,2938

30,53757

Table 2: Descriptive statistics for variable LP_RA

Variable
LP_RA_2005
LP_RA_2020

Descriptive Statistics (RH_LP_RA)

Valid N

Mean
17,07923

Minimum
2,091008

Maximum
35,30056

Std.Dev.
11,88636

24

32,54304

4,165072

84,73684

22,67565

Soutce: Eurostat (2025), authors calculation.

For the analysis of the economic results of agricultural holdings, data from the public
database The Farm Accountancy Data Network (FADN) in the EU in the years
2014-2022 (2025, European Commission) was chosen. The standard output of
FADN is a set of indicators (SE) - results of agricultural holdings officially published
for individual types of holdings within the FADN system. The purpose of the EU
methodology is to allow the evaluation and comparison of the economic results of
agricultural holdings in individual EU countries according to a uniform
methodology, which is not influenced by differences in tax accounting records. The
following indicators were selected as the indicators to be assessed: Total labour input
(AWU = annual labour unit indicating the amount of labour input, which is derived
from the number of hours worked, 2000 hours = 1 AWU, SE 010); Paid labour
input (AWU - SE 020); Total Outputs (TO, € - SE 131); Total subsidies - excluding
on investments (TS, € - SE 605); Total Utilised Agricultural Area (ha - SE 025):

Lp= (TO+TS)

The relationship of the analysed indicators with the CAP subsidy policy is
demonstrated by calculating labour productivity in two variants, including and
without subsidies. Based on the data, processed by cluster analysis, a multi-variable
statistical method dividing the large groups of observation into smaller and more
homogeneous groups could be carried out. The clustering process can be roughly
divided into three categories — hierarchical, non-hierarchical and a two-stage

category. Ward’s method was used in this article (Rencher (2002).
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4 Results

The average increased in both years, but much more dynamism was recorded in the

LP_RA indicator, where there was almost a2 100% increase.
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Figure 1: cluster analysis — variable LP_R (2005 and 2020)
Source: Eurostat (2025), authors calculation.
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Figure 2: Cluster analysis — variable LP_RA (2005 and 2020)
Source: Eurostat (2025), authors calculation.
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Figures Number 1 and 2 show the results of a cluster analysis examining labour
productivity in rural areas across 24 European countries. Two separate analyses are
shown, likely representing data from different years or using different productivity
metrics. The difference in the results of the analyses probably reflects the fact that
other sectors that are more productive contribute to higher productivity in (PL_R)
rural areas. There is a special structure of economic activities in rural areas, where
agriculture is one of the most significantly represented sectors. Other sectors are not

as strongly dependent on natural and climatic conditions.

The analyses reveal substantial heterogeneity in agricultural labour productivity
across BHuropean countries. The differing clustering patterns between the two
analyses underscore the importance of carefully defining and measuring
productivity. The data likely reflects variations in factors such as technological

advancement, agricultural practices, land quality, and government policies across the

(AT) Austria
(IE} Ireland
(HUZ) unga
[9(': ) Czech
( @Slovak
EE) Eston

countties.

=

E(L
IE)El ) Belgium
(DE) Germany
R RK)_France
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ML) Metherlands
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(DK) Denmark
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Figure 3: Cluster analysis — variable LP EU (2004 - 2022)
Source: FADN (2025), authors calculation.

The expected fact is probably indicated by two main clusters (Figure Number 3),
which reflect the division of EU countries according to accession to the EU — i.e.,
the original Member States and the newly acceding states since 2004. For further

evaluation, 7 clusters were chosen, which best represent the groups of countries with
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similar development of the monitored indicators and are evaluated from the most
productive countries. Denmark was evaluated as a stand-alone cluster, which
achieves the highest average labour productivity of about 255 thousand € in the EU.
Its number of employees measured by AWU is slightly above the EU's of 1,9, but
its average revenues are the second highest in the entire EU, at 491 thousand €,
which have been growing enormously in the last 5 years or so. Denmark is the largest
exporter of pork products in the EU. In addition, there is also important cattle and
poultry breeding, as well as sea fishing. At the same time, cereals (wheat), potatoes,

and sugar beet are grown here.

The second cluster consists of Sweden, the Netherlands, Luxembourg, and Finland,
with an average value of labour productivity of about 155 thousand €. When
evaluating the sub-indicators, it is worth emphasizing that the Netherlands achieves
the most total yields here, almost twice as much as the other countries in the cluster,
which achieves the highest AWU, which is again about twice as high. The reason is
that the Netherlands uses its land resources very intensively and, at the same time,
has favourable climatic conditions that guarantee high production. The average
growth rate of this group is about 5%. In the third cluster, the United Kingdom,
France, Germany, and Belgium can be traced — the value of labour productivity per
average enterprise is about 117 thousand € with a growth rate of 3,5%. These
countries have very balanced yield values and AWU (slightly over 2). A typical
feature of the fourth cluster for Czechia and Slovakia is a significantly above-average
production (Slovakia 803 thousand €, which is the highest in the EU, Czechia 442
thousand €) accompanied by a high AWU value (Czechia — 6,3 and Slovakia 13,5).
The high production volume is due to the historical development in these countries
and the preservation of the type of farms with the highest area in the EU. When
converted to labour productivity, Estonia is also part of the cluster; this cluster has
about 1,5 times the EU average —i.e., 71 thousand € and achieves the highest growth
rate of 9,5%.

The fifth cluster is Hungary, Austria, and Ireland, which have relatively balanced
values in terms of both revenues and AWU. The average productivity here is 60
thousand €, with a growth rate of 4,8%. With an average labour productivity of about
37 thousand € and a growth rate of 5,8%, Latvia, Italy, and Spain are in the sixth
cluster. Latvia has the highest yields here (about 1,5 times higher than Italy). The last

cluster, which includes the most significant number of countries, is characterized by
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a mix of newly joined countries to the EU (Romania, Croatia, Poland, Slovenia,
Lithuania, and Bulgaria) and original countries that have a specific position due to
their natural conditions, these are island states such as Malta, Cyprus, Greece, and
Portugal also fall into this group. Agricultural enterprises have a labour productivity
of about 22 thousand € but a higher growth rate of about 7%. A common feature is
a lower AWU value below 2 (except for Bulgaria, with 2.7 AWU, which has the
highest yields).

From the point of view of AWU, it is appropriate to add an important fact typical
for the area of agricultural enterprises or farms — namely, the share of paid labour.
It is about 27% in the EU and is related to the historical development of the
countries in question and the overall relationship to rural areas and regional policies.
The highest share of paid power is held by large companies in Slovakia (92%) and
in Czechia (78%). Furthermore, the share decreases by around 55%, such as
Hungary, Estonia, and Denmark. On the other hand, the lowest share of paid AWU,
with 10%, is in Malta, Austria, or Ireland, and the lowest of the entite EU is

employed in Slovenia, with about 4%.
5 Discussion

In terms of labour productivity, both in the rural area as a whole and in the
agricultural sector in the rural area, there has been an increase in the period under
review. The dynamics of increase was more moderate in rural areas, irrespective of
sectoral focus. Significant productivity increases were recorded in the agricultural
sector, with the initial level of labour productivity in rural areas (53,1 thousand €)
almost double that of agricultural productivity in rural areas (32,5 thousand €). It can
thus be concluded that there has been a narrowing of the gap in the level of labour
productivity in rural areas. Productivity is reflected in the income situation of the
rural population (Shucksmith et al., 1994, Davis et al., 1997, Karlsson et al., 2005,
Chmielinski and Chmielewska, 2015, Bernard, 2019).

Thus, examining the dynamics of agricultural labour productivity is crucial to
understanding the development and transformation of agriculture within a country
or region (Balezentis et al., 2021). Based on the 2014-2022 time series in EU
countries, an average labour productivity of 49.5 thousand € was found per average

farm with a growth rate of about 4%. In determining the labour productivity
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indicator in relation to the subsidy policy, productivity was adjusted for operating
subsidies, which are accounted for as part of revenues. The reduction in revenues,
therefore also led to a lower productivity of EUR 41,8 thousand €. The impact of
the subsidy policy was not reflected in the different cluster structures.

Many studies have addressed the issues of subsidy efficiency and overall profitability.
To date, there is no common consensus on whether the economic impact of
subsidies is positive or negative, mainly due to the incomparable approaches used
by researchers in empirical research (Bernini & Galli, 2024). Cost-effectiveness is
evaluated in a similar way as profitability (e.g. Svoboda, 2020). The impact of
piecemeal approaches to rural and agricultural support is reflected in the quality of
life of rural residents (Shucksmith et al., 2009; Baldwin et al., 2023).

6 Conclusions

Rural areas and agriculture are complementary because they form a mutually
supportive and interconnected system. This relationship is important in the broader
social, economic and environmental context. Agriculture has traditionally been a
major producer of agricultural commodities, and for rural communities, agricultural
production is often a key economic pillar that provides jobs and supports local
businesses. At the same time, agriculture can contribute to maintaining the landscape
by protecting it from erosion, promoting biodiversity, looking after water resources,

etc.

Labour productivity on the average EU farm has risen by 50% in almost 20 years of
monitoring to 75,000. The main differences are seen between the original EU
member states and the newly acceded countries since 2004. The link to the Common
Agricultural Policy in terms of subsidies showed a 15% reduction in productivity,
but the distribution of countries using cluster analysis remained the same. The
findings are substantially influenced by the price level in the only countries
examined. Similarly, the observed differences are influenced by the degree of

urbanisation and the share of Rural area in these countries.
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1 Introduction

This research paper examines the impact of environmental, social, and governance
(ESG) performance on the economic growth of Central European countries during
the period 2014-2023. In contemporary discourse, sustainable development
emphasizes the necessity of addressing both social and environmental priorities to
safeguard the long-term welfare of all participants within the economic system. ESG
indicators, encompassing non-financial metrics, play a pivotal role in this context.
These indicators cover environmental dimensions (such as resource management,
greenhouse gas emissions, and sustainable energy use), social aspects (including
workforce diversity, inclusivity, and ethical supply chain practices), and governance-
related factors (such as leadership autonomy and balanced boatrd representation).
Increasingly, these dimensions are recognized by economic actors as fundamental
drivers of sustainable and resilient growth (Boffo & Patalano, 2020). Effectively
managing ESG risks through responsible and forward-looking business strategies
can significantly contribute to enhanced economic development. In this regard,
businesses are increasingly required to realign their strategic objectives and
transform their organizational cultures to foster sustainable progress and ensure the
long-term welfare of employees, consumers, and other key stakeholders ( Jolevska,
et al,, 2024). Over the past decades, ESG considerations have evolved into some of
the most impactful and transformative forces shaping corporate practices and
broader economic landscapes (Li, et al., 2021). Existing literature presents mixed
tindings regarding the relationship between ESG performance and economic
growth. Broadly, three perspectives can be identified: (1) a mutual and reinforcing
relationship between economic growth and ESG performance; (2) a partial or
conditional relationship depending on specific factors; and (3) no significant
relationship observed between the two dimensions. Despite growing academic
interest, the exploration of how national-level ESG metrics interact with economic
performance remains a relatively nascent field. As such, further research is essential

to provide deeper and more comprehensive insights into this evolving relationship.
2 Literature review
In 2004, ESG was created as a tool to help investors identify and communicate long-

term risks that have a significant impact (Hearn, et al., 2022). The assessment of

environmental, social and governance (ESG) factors has gained increasing
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importance, becoming increasingly present in academic literature and business
practices (Clément, et al., 2023). ESG can be described as a broader classification
that defines the non-financial objectives of an organization (Krishnamoorthy, 2021).
The performance of ESG factors has a significant impact on the efficiency of
markets, the development of new investments and the use of innovative
technologies, bringing significant benefits to overall growth and development.
Implementing an ESG framework is essential for building a sustainable business
model (Sibarani, 2023).

Some scholars suggest that economic growth can serve as a catalyst for improving
ESG performance, claiming that accelerated economic expansion can lead to
significant improvements in ESG indicators. They argue that rapid growth
strengthens a country’s ability to sustain high levels of investment, which helps
advance technology and encourages innovation. Sustainable growth requires
investments that are socially responsible, which deserve in-depth assessment (Syed,
2017). Ambitions for sustainable development are closely linked to improving an

organization’s competitiveness and innovative capacity (Starks, 2021).

Revelli and Viviani (2015) argue that sustainable finance, including ESG
investments, can contribute to improving performance by integrating business
practices with investor values and societal expectations. According to Shahrour et
al. (2023), ESG initiatives play an important role in reducing risks and promoting
sustainable development. Stroebel and Wurgler (2021) emphasize that climate
finance, especially through green bonds, is essential for the transition to a low-
carbon economy, as it enables the mobilization of private funds for large and

sustainable projects.

Adopting ESG practices can lead to productivity improvements, cost reductions,
and better risk management, which can positively impact economic development
(Khan, et al, 2016). Furthermore, Abate et al. (2021) suggest that strong ESG
practices have a significant impact on an economy’s financial performance, by
encouraging higher levels of foreign investment and promoting more responsible

business behavior.
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(Friede, et al, 2015) show that, in the long run, strong ESG practices can have a
positive impact on economic development through higher financial performance.
This outcome can be achieved through increased brand value, better risk and
reputation management, ot improved operational efficiency. Also, the possibility of
securing lower costs of capital can encourage investment in sustainable initiatives,

which contribute to overall economic development.

Nicoletti et al., (2020) show that the integration of ESG factors into the investment
decision-making process by companies that have a competitive advantage leads to
reduced investment risk, improved governance, and increased company engagement
in good social and environmental practices. On the other hand Pesaran et al., (2019)
argue that the dissemination of ESG information is mainly used to increase the
acceptance of improving a company’s reputation among investors. Some companies
also use the dissemination of ESG information as an opportunity to ease regulations
from regulatory authorities regarding their investment portfolios. According to
research conducted by Shkura (2019), it was observed that European countries
dominated as those with the highest dissemination of ESG information globally. A
key factor for this high level of dissemination in Europe is the imposition of

regulations by the governments of the respective countries and stock exchanges.

According to recent studies, investors are increasingly giving importance to ESG
factors in the investment selection process (Gangi et al, 2022). It has also been
observed that companies that adopt ESG practices manage to generate higher
profits compared to those that do not use them (Alda, 2021). One of the main
reasons for this is that, nowadays, a growing number of consumers are interested in
environmentally friendly products and services, as well as greener production
techniques (Hole, 2019).

3 Methodology

The purpose of this paper is to analyze the impact of environmental, social and
governance (ESG) performance on economic growth in Central BEuropean
countries. To conduct the empirical analysis, we rely on secondary data published in

the World Bank's annual reports.



L. Nikgi: Environmental, Social, and Governance (Esg) Performance and Economic Growth:

. . . 93
An Econometric Analysis for Central European Countries

The research question of this study is:

1. How has environmental, social and governance (ESG) performance influenced

the economic growth of Central European countries?
While the hypothesis is:

H1: Environmental, social and governance (ESG) performance has positively
impacted the economic growth of Central European countries.

This study includes data for a 10-year period (2014-2023), the number of countries
included in the analysis is 8 (which are: Austria, Czech Republic, Germany, Hungary,
Poland, Slovenia, Slovakia and Switzerland). The data are processed with the
econometric program STATA. To verify the validity of the hypotheses of this study,
we applied the following statistical tests: descriptive statistics, correlation analysis,
linear regression, random effect, fixed effect, Hausman — Taylor Regression, GEE
Model and GMM Model.

Table 1: Definition and description of econometric model variables

Variables Data source

World Bank Annual Reports
(2014 — 2023)
World Bank Annual Reports
(2014 — 2023)
World Bank Annual Reports
(2014 — 2023)

Variable description

GDP (Dependent variable) GDP growth (annual %)

CO2 (Independent variable)

Carbon dioxide (CO2)

REC (Independent
variable)

Renewable energy
consumption

GEC (Independent
variable)
CHE (Independent
variable)

CC (Independent variable)

GE (Independent variable)

To verify the validity of the hypotheses of this study,

model was constructed:

Government expenditure on
education, total (% of GDP)

World Bank Annual Reports
(2014 — 2023)

Current health expenditure (%
of GDP)

World Bank Annual Reports
(2014 — 2023)

Control of Corruption

World Bank Annual Reports
(2014 — 2023)

Government Effectiveness

World Bank Annual Reports
(2014 — 2023)

Source: Data processing by the author (2025)

the following econometric
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GDP;; =y + 51 COZ; + B2REC;: + B3 GEC;: + B4 CHE;: + 85 CC; + Bs GEir +
Vit

Where:

GDP - GDP growth

CO2 - Carbon dioxide

REC - Renewable energy consumption

GEC - Government expenditure on education

CHE - Current health expenditure

CC - Control of corruption

GE - Government effectiveness

y — Stochastic variables (other factors not taken into account in the model)

1— code and € — time period.
4 Results

In this part of the study, the validity of the hypotheses presented and the
interpretation of the study findings will be verified through statistical tests for the

variables incorporated in the econometric model.

Table 2 summarizes all descriptive statistics for all variables included in the

econometric model.

Table 2: Summary of descriptive statistics for the econometric model variables

Variable Std. Dev.
(€10) 80 2.36 2.80 -6.31 8.38
(610 80 7.20 1.76 4.11 10.37
REC 80 19.43 7.11 11.1 36
GEC 80 4.84 0.44 3.80 5.75
CHE 80 8.83 2.05 6.28 12.93
CC 80 0.93 0.69 -0.10 2.14
GE 80 1.07 0.53 0.22 2.13

Source: Data processing by the author in Stata program (2025)

The following will present the empirical results for the econometric model of this
study, which analyzes the impact of CO2, REC, GEC, CHE, CC, GE on the GDP

growth of Central European countries.

GDP; =y + 1 COZ; + B2 REC; + Bs GECi + B4 CHE;: + 85 CCie + Bs GEie + yie
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GDP;; = 25709 — 1.8535C0O2; + 0.0393REC;; + 1.1738§GEC;; + 3.4965CHE;; +

8.4967CCi + 0.8792GEje * Vi

Table 3: Results from the econometric model analysis

Random

Variabl Linear Effects — bl 12 EUG T
ana . Effects Taylor GEE Model
e Regression GLS R . .
R q egression Regression
€gression
kk
e ) ] _ ) _ 8962009
(0.000)
o -120645* 110605 | 4.420111%% | 4.406293%% | 1935857+ | -1.85359%*
(0.074) (0.057) * * * (0.016)
(0.001) (0.000) (0.000)
kk kK
PR 0410251 | -0102051+ '1071*9 “ 2686499+ | 11 3*5 7 0393677%*
(0.021) (0.049) 0.007) (0.030) 0.000) (0.040)
kk kk Skok
PR 01025 | apgoses | voosiny | PR 0T 1g5g5ge
(0.009) (0.010) (0:339) (0.004) (0.000) (0.028)
Kok kok Kk
PRTEl 8784762 '8784*7 62 6442646% | 540498 | B0 3399 3 '49(’3 1
(0.172) 0005 (0.051) (0.014) 0.000) 0002
Skok ek
e seas2aex | 1 45*246 7.792253%% | 6.080416% | .1237373%* 8'496*7 1
(0.080) 0.001) (0.011) (0.064) (0.049) (0.000)
kok kk
GE 2.294132* 1.214132%* | 1.515735** 3.29021** '9461:}83 '8792*935
(0.061) (0.022) (0.035) (0.031) 0.000) 0008
*ok *ok Kok
Const [ '7793 o > '179*5 o 36450174 | 2 1'89f3 3 2.57094 7% _
(0.002) (0.000) 0.021) (0.004) 0.017)
o 1498 1498 0206 . - .
quare
Adj. R? 0603 - - - - -

Source: Data processing by the author in Stata program (2025)
Explanation: P-values shown in brackets: *** indicates statistical significance at the 1% level; ** indicates statistical
significance at the 5% level and * indicates statistical significance at the 10% level.

According to the econometric results presented in Table 3, it can be concluded that
all independent variables are statistically significant at the 1%, 5%, and 10%
significance levels. For the purposes of interpreting the econometric model, we will
base ourselves on the GMM model.
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Bo— Assuming all other variables remain constant, the GDP is expected to be 2.57
units when the independent vatiables are zero (P-value = 0.017 < 0.05).

B1— An increase of 1 unit in CO2 emissions, while holding other variables constant,
is associated with a decrease of 1.85 units in GDP (P-value = 0.016 < 0.05). With
increasing temperatures and increasing diseases caused by increasing CO2 levels, the
efficiency of workers is reduced, which affects the reduction of productivity and
GDP. The increase in CO2 also affects climate change, increasing the intensity of
natural disasters such as fires, floods and hurricanes, damaging buildings, roads,
bridges, etc. From these damages, more funds must be allocated for repair and
reconstruction, which reduces investments in economic development. So, with
increasing CO2 levels, GDP decreases through economic and environmental

mechanisms.

B2— A 1-unit increase in renewable energy consumption (REC), assuming other
variables remain constant, leads to an increase of 0.039 units in GDP (P-value =
0.040 < 0.10). Renewable energy consumption increases productivity and economic
efficiency, reducing dependence on fossil fuels and ensuring a more sustainable
supply at a lower cost. The trade deficit is reduced and economic stability is

improved as dependence on oil and gas imports is reduced.

Bs— An increase of 1 unit in GEC, while keeping other variables constant, results in
a 1.17 unit rise in GDP (P-value = 0.028 < 0.05). GEC has a significant impact on
GDP growth. Human capital is improved by education, increasing the productivity
and skills of the workforce, which affects economic growth. The more educated the
population, the higher the wages tend to be, contributing more to the economy and
bringing innovations that can increase a country's competitiveness in the global
market. Also, investments in education reduce economic inequality and increase

social mobility.

Ba— A 1-unit increase in CHE, assuming other variables remain unchanged, leads to
a 3.49 unit increase in GDP (P-value = 0.002 < 0.01). CHE affect the well-being
and productivity of the population, representing an important component of GDP.
Financing for investment in health care reduces future costs for treatments that can

be much more costly, thus making the system more financially sustainable.
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Bs— An increase of 1 unit in CC, while keeping other factors constant, results in an
8.49 unit rise in GDP (P-value = 0.000 < 0.01). CC affects investment, public sector
efficiency, and economic stability, which play an important role in GDP growth.
Countries that have lower levels of corruption and countries that struggle to reduce
corruption as much as possible, increase investor confidence by attracting more
foreign capital, tend to have stronger institutions, use public funds better, by
investing in health, education, infrastructure, etc., all of which help improve the

productivity and competitiveness of the economy.

Bs— A 1-unit increase in GE, assuming all other factors remain constant, leads to a
0.87 unit increase in GDP (P-value = 0.008 < 0.01). GE determines the ways in
which public policies are implemented and how efficiently economic resources are
managed, which affect GDP. The effect of government affects: improving
infrastructure, education and health, maintaining fiscal and monetary stability,
promoting investments, increasing tax revenues, better distribution of public funds,

etc., which guarantee a sustainable and positive impact on GDP.
5 Discussion

This scientific paper focused on analyzing the impact of environmental, social, and
governance (ESG) performance on the economic growth of Central European
countries during the period 2014-2023. In recent years, several studies ( Jolevska, et
al., 2024), (Norocel & Vierescu, 2024), ( Diaye et al, 2021), (Algarhi & Karimazondo,
2024), have investigated the role of ESG factors in promoting sustainable economic
growth across various regions. The empirical findings of this study demonstrate that
ESG practices contributed positively to economic growth in Central European
countries during the observed period, underscoring the importance of ESG

integration into national development strategies.

Our findings align with previous research. For instance, Jolevska et al. (2024),
identified that renewable energy consumption and CO, emissions significantly
influenced annual GDP growth in Western Balkan countries, while life expectancy
at birth and labor force participation rates were key drivers of GDP growth in
Southeastern Europe. Their study highlights the growing importance of the green
transition as a strategic pathway toward sustainable economic development, despite

its accompanying social and economic challenges.
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Similarly, Norocel and Vierescu (2024), found a positive correlation between
country-level ESG outcomes and economic growth, both in the short and long term.
However, they noted that increased financial intermediation by the banking sector,
often interpreted as a proxy for green lending activities, does not automatically
translate into higher economic growth—a nuance that highlights the complexity of
the ESG-growth nexus.

Diaye et al., (2021) further support this positive relationship, revealing a long-term
connection between ESG performance and GDP per capita across OECD countries
between 1996 and 2014, although such a relationship was less evident in the short
term. Notably, exceptions such as Iceland and South Korea displayed a positive
short-term relationship between ESG performance and GDP growth, suggesting

country-specific dynamics.

Additionally, the study by Algarhi and Karimazondo (2024), also confirms a long-
term positive relationship between ESG and economic growth, strengthening the

argument that ESG integration is crucial for sustainable economic development.

Overall, the consistency between our empirical findings and previous studies
reinforces the theoretical and practical significance of this research. By situating our
results within the broader academic landscape, this study contributes to a deeper
understanding of how ESG practices can serve as a catalyst for economic growth in

Central European economies.
6 Conclusions

In accordance with the study objectives, theory, methodology, data analysis results
and study findings, it can be concluded that governance effectiveness determines the
ways in which public policies are implemented and how efficiently economic
resources are managed, which affect GDP. Corruption control affects investment,
public sector efficiency and economic stability, which play an important role in GDP
growth. The consumption of renewable energy contributes to increased productivity
and economic efficiency, reducing dependence on fossil fuels and ensuring a more
sustainable supply at lower costs. The trade deficit is reduced and economic stability
is improved as dependence on oil and gas imports is reduced. Higher investments in

education have a significant impact on GDP growth. Human capital is improved by
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education, increasing the productivity and skills of the workforce, which affects
economic growth. Investments in health affect the well-being and productivity of
the population, representing an important component of GDP. While, the increase
in CO2 emissions affects: increasing temperatures, increasing diseases, climate
change, increasing energy demand from extreme temperatures, etc., all of which
negatively affect economic growth. So, according to these results, we conclude that
the implementation of ESG factors positively affects GDP growth in Central
European countries for the analyzed period 2014-2023.

Through this study, we recommend improving ESG regulations and standards,
supporting businesses in implementing ESG practices, and organizing training and
information campaigns for citizens and companies on the benefits of integrating
ESG practices into the economy. Also, including ESG in academic programs and
professional training can help create a workforce prepared for the challenges of
economic sustainability. Policymakers, institutional investors, and regulators must
play vital roles in assisting the Government in supporting ESG practices to create a

sustainable ecosystem.
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1 Introduction

Quality assurance is one of the key factors for the competitiveness and success of
companies, especially in the engineering sector of the construction industry, where
accuracy, efficiency and compliance with standards play a central role. In this
context, the international standard EN ISO 9001 provides a comprehensive
framework for establishing and maintaining a quality management system (QMS) to

improve processes, increase customer satisfaction and optimize business.

ISO 9001 is an internationally recognized standard that provides for the
implementation of a structured quality management system (QMS) to improve
customer satisfaction and meet applicable legal and regulatory requirements. Its
implementation leads to more consistent quality, improved operational efficiency
and higher customer satisfaction. It generally applies to any organization, regardless

of size, industry or sector.

For an engineering company, the introduction of the ISO 9001 standard is important
because it enables a systematic approach to business management and control, which
leads to more efficient provision of services and preparation of documentation
(spatial, investment, technical and others). All this requires a well-thought-out
management and organization method, appropriate control mechanisms and
efficient working methods. Unfortunately, many service companies in the
construction industry, especially design offices and engineering companies, do not
have a QMS. They list and manage their business processes in a unique way for

which efficiency and effectiveness cannot be measured (Hozjan, 2024).

The aim of the paper is to present the introduction of a QMS in the company ZEU
druzba za naértovanje in inzeniring d. o. o. (ZEU) and to analyze the effects of the
introduction. The theoretical part presents the basic quality concepts and the
philosophy of quality management, which are important for the company's business
policy. The main part focuses on the introduction of the SIST EN ISO 9001:2015
standard in the ZEU and on the evaluation of the impacts of the introduction of the
standard. The paper thus contributes to understanding the importance of systematic

quality management in engineering companies.
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2 Theoretical Background

There ate several definitions of the term "quality", and different authors in different
literatures cite it in different ways. The internationally recognized definition comes
from the ISO 9000 standard, where the first part of the definition refers to the
concepts of the overall properties and characteristics of a product or service, also

known as the mix of characteristics (Bravi, Murmura, & Santos, 2019).

ISO 9000 is a set of basic principles and terminology related to QMS. It contains the
basic concepts, definitions and guidelines for understanding quality management
and is not intended for certification. ISO 9001 is the standard that specifies the
requirements for a QMS, it is more detailed and prescriptive than ISO 9000 and is
used for certification purposes. ISO 9001:2015 follows the standardized framework,
which consists of ten clauses related to the following areas: Scope, Normative
references, Terms and definitions, Context of the organization, Leadership,
Planning, Support, Operation, Performance and evaluation, and Improvement.
Organizations must implement processes, document them, and measure their
effectiveness (ISO, 2015).

In order to achieve effective quality control and quality improvement, companies
today often use the following modern quality management tools: TQM, 8D method,
Deming circle, Ishikawa diagram, brainstorming, Pareto diagram, FMEA, 5 Why,
Six Sigma, BSC (Balanced Score Card), benchmarking and others.

This paper focuses on Total Quality Management (TQM) and the associated QMS.
The basic principle of TQM is based on emphasizing the importance of people,
processes and results achieved. Theoretically, TQM focuses on three key areas:
customer focus, continuous process improvement and extensive employee
involvement (Andoljsek, 2003). In the service sector, employees are a key production
factor, usually working in an interdisciplinary team with different skills and abilities.
The right combination of knowledge and personality traits of team members

contributes to the success of the entire team.

QMS is a system for the management and control of an organization in the area of
quality. It represents a part of the organization's operational and business activities

that ensures that processes are carried out in accordance with quality. Thus, it forms
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the basis for the production of a quality product or the provision of a comprehensive
service (Skukan & Katjusa, 2008).

3 Implementation of EN ISO 9001:2015

The quality of services is the result of comprehensive management that is customer-
oriented as an organisation's management system and promotes the full involvement
of all employees in continuous improvement. It is important for the company that
chooses EN ISO 9001:2015 quality management to establish, document, implement
and maintain a QMS and strive to continuously improve its performance in
accordance with the standard's requirements. Top management must demonstrate

their commitment to the development and implementation of a QMS (ISO, 2015).

As part of establishing a QMS, the company must define the processes and their
application throughout the company and the sequence of processes and their
interdependencies; establish methods, including criteria, for the successful operation
of the processes; ensure the availability of resources or information to support the
processes; monitor, measure and analyze the processes; implement measures to
achieve the planned results; and implement continuous process improvement
activities (ISO, 2015).

Quality management in work processes comprises planning, controlling,
maintaining, and creating product or service quality. It can be divided into three
levels: quality control (QC), quality assurance (QA), and quality management (QM).
QC is the basic process of checking the conformity of products or services through
observation and assessment using methods such as measurement, testing or
comparison. Even if QC does not add value, it prevents the continued use of
unsuitable products or the provision of unsuitable services. The control results can
be used as feedback for previous processes or information for future processes
(Suman, 2020). The introduction of the ISO 9001 standard is limited in the paper to
engineering companies in the construction industry, which are defined as micro and
small enterprises under the Companies Act (The Official Gazette of the Republic of
Slovenia, 2021).
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4 Implementation of EN ISO 9001:2015 in ZEU
4.1 Description of the engineering company

ZEU was founded on April 3, 1974, and is headquartered in Murska Sobota. The
company's services include a wide range of professional tasks, i.e. preparation of
documentation in the field of geodesy and spatial informatics, project
documentation, spatial planning and urban planning documentation, professional
bases for spatial planning needs, investment documentation and related land
acquisition, obtaining administrative approvals and permits, regulation of real estate
ownership, real estate valuations and professional consulting in real estate
transactions. ZEU is a multi-project company structured as a functional project

management organization (Hozjan, 2024).
4.2 Impact of introduction of EN ISO 9001:2015 in ZEU

In order to implement the standard effectively, a structural analysis was first carried
out in which the organizational structures, business processes and market segments
that influence the company's activities and business were identified. This gave us an
insight into the internal workflows, the dynamics between the different parts of the
company and their impact on performance and competitiveness in the market. While
introducing the standard, umbrella, main and support processes and their owners,
workflows and interrelationships were identified. In addition, criteria and methods
for effective process management were defined. The implementation activities were
also aimed at establishing a system for measuring, monitoring and analyzing
processes and defining measures to achieve the set goals. In addition to the
identification and documentation of processes, ZEU also took into account the
commitment of management to implement and maintain the QMS, the
understanding of the requirements of the standard, the perceived need for employee
training to acquire appropriate knowledge and skills and the promotion of employee

participation in the implementation.

The changes in the company's business activities and an evaluation of the impact of

the introduction of the standard are described in more detail below.
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4.2.1 Changes in the company's operations

The introduction of the SIST EN ISO 9001:2015 quality standard entails a number
of changes in the company's operations, including the adaptation of existing
activities, the training and awareness-raising of employees and the establishment of

a continuous improvement system.

One of the most important changes is the need to plan and document processes.
This includes defining clear instructions and responsibilities for carrying out the
processes and setting up a monitoring and measuring performance system. The
company defined an umbrella process (management, planning and acquisition), four
main processes (spatial planning, development of project and technical
documentation, engineering services in the preparation and execution of
investments and regulation of property relations) and a support process (common

functions), which were presented with a process flow and a definition of resources.

In addition, the company has made the necessary adjustments to existing working
practices and systems to ensure compliance with the requirements of the standard,

including reviewing and updating existing documents and procedures.

A new organizational chart of the company was also created, namely, the
introduction of a quality management manager as a joint function (Figure 1).
Together with the management, this person is primarily responsible for making
employees aware of the importance of quality assurance in providing their services

or preparing documentation.

In addition, with the introduction of the QMS, a system of continuous improvement
was also established at the level of the quality system manager, which aims to identify
opportunities for improvement and measures for their implementation. However,
the result of all changes is an improvement in the quality of services, a commitment
to continuous progress and the adaptation of processes to changing market

conditions and customer needs.
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Figure 1: New organizational chart of ZEU

4.2.2 Evaluation of the impact

The impacts of the introduction of EN ISO 9001:2015 are generally divided into

financial (impact on company revenues, assets, costs, etc.) and non-financial (impact

on customers, employees, company performance, organization of processes, etc.)

and are as follows for the ZEU:

- improving process synchronization (coordination, structuring and

efficiency), which leads to an increase in the quality of services and their

projects;

- by focusing on meeting the needs and expectations of customers, their

satisfaction increases, which is the key to attracting new customers and

retaining existing ones;

- as the number of customers increases and the quality of services improves,

the company's revenue increases;

- ENISO 9001:2015 promotes the analysis and continuous improvement of

processes and thus increases the efficiency of design, planning and project

implementation services;

- QMS helps to identify and manage risks, reducing the occurrence of

potential negative impacts on projects;
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- the introduction of EN ISO 9001:2015 helps a company to work
systematically and in accordance with professional rules, legislation and
other regulations;

- the QMS enables greater transparency and a clear definition of
responsibilities within the company, which contributes to better internal
communication and easier decision-making;

—  clearly defined processes and responsibilities enable better management of
projects;

— the quality assurance system reduces the possibility of errors and
irregularities in projects, which helps to reduce the number of complaints
and/or the need for corrections, which in turn means lower costs for the
company;

- the regular and organized training and further education of employees leads
to greater work efficiency and satisfaction, which has a positive effect on
employee motivation and lower staff turnover;

- the increased bureaucracy associated with the introduction of the standard
can lead to lower employee satisfaction;

- the introduction of EN ISO 9001:2015 and certification will enhance the
company's reputation and improve its competitive position;

- the QMS introduced and the certificate obtained demonstrate that the
company operates in accordance with the standards and procedures, which
strengthens customer confidence in the company's ability to provide a high

level of service quality.

In general, the introduction of EN ISO 9001:2015 has numerous positive effects,
which are primarily reflected in improved service quality, higher customer
satisfaction, better project management and greater transparency of processes and
responsibilities within the company. However, it is also important to understand the
potential challenges that arise for the company, such as additional workload for
employees, higher implementation costs, changes in working habits and limited

flexibility and creativity in some processes.
5 Discussion

A well-prepared QMS resulting from the implementation of the EN ISO 9001:2015
standard has a significant impact on the engineering company by reducing the

occurrence of errors, weaknesses and deficiencies in the design, planning and project
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implementation services. At the same time, the obtained certificate can be a good
marketing tool for companies to create a good image and expand the company to
other markets. Table 1 summarizes the basic characteristics of introducing a QMS

in an engineering company in general, based on a SWOT analysis.

Table 1: SWOT analysis of the introduction of QMS in an engineering company

STRENGTHS WEAKNESSES

—  better ability to comply with legal| —  costs for the introduction of a QMS and
requirements and regulations, certification,

—  Dbetter participation in public| —  increased bureaucratic effort due to more
procurement, extensive documentation,

—  Dbetter access to advanced technological | —  need for additional education and training
knowledge, of employees,

—  better risk management and planning, — inconvenience for employees due to

—  lower costs (rationalization), changes in working habits.

—  greater competitiveness,

—  interoperability between new and old
services and processes,

—  better management of processes,

—  continuous quality improvement,

—  better management of documentation.
OPPORTUNITIES THREATS

—  strengthening the company's reputation | —  hesitation in the introduction of
and position on the market, standards,

—  increase of the business influence, —  unmotivated employees,

—  increasing the satisfaction of employees, | —  lack of understanding of the QMS,
customers and partners, —  unusable QMS documentation,

—  easier expansion into new markets and the | —  adverse impact on the business than
development of new market niches, expected,

—  competitive advantage, —  possible extension of time to complete a
—  opportunity to innovate processes and task or project due to the need to
approaches in design and construction (IT implement procedures consistently,

tools, BIM approach, Industry 4.0 tools). — increased workload of employees.

Overall, we can conclude that the implementation of the ISO 9001:2015 standard in
engineering companies brings numerous benefits, which are reflected in improved
service quality, higher customer satisfaction, more efficient project management, and
greater transparency and accountability within the organization. The system ensures
compliance with the standards, but also represents an opportunity for the
organization to take a leading role in the market and leverage competitive

advantages.
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Despite the tangible positive effects, it is also important to recognize the challenges
that the introduction of the standard can bring. These include additional burdens for
employees, new costs due to implementation, changes to working practices and

restrictions on flexibility and creativity in some processes.

Implementation may also lead to inadequately prepared documentation of the
quality system, an extension of the implementation time of the task or project, and
even the occurrence of effects that are opposite to what is expected of the business.
Therefore, it is important for small and medium-sized companies, where most
engineering and consulting companies operate in the field of construction, to be

aware of all the benefits but, above all, the challenges.
6 Conclusions

Quality assurance is crucial to the successful operation of engineering companies,
especially in the construction process. Quality of service must be integrated into all
phases of the project lifecycle, with the key being the eatly detection and correction
of errors. In addition, it is important to meet market and client requirements,
considering the fundamental requirements of the construction industry. A well-
established quality assurance and management system in an engineering company,
resulting from the introduction of the EN ISO 9001:2015 standard, has a significant
impact on the quality-of-service delivery (design, planning, supervision) and thus
creates the customer's trust that the ordered services will achieve the planned

(expected) quality.
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1 Introduction

The circular economy (abbreviation: CE) has gained significant attention in recent
yeats as a potential solution to the environmental and economic challenges posed
by traditional linear production and consumption models (Geissdoerfer et al., 2017).
This popularity stems from its capacity to bridge production and consumption at
the system, technological, and product levels (Morseletto, 2023). This approach
primarily aims to maintain products, components, and materials at their highest
utility and value for as long as possible, thereby minimizing waste and maximizing
the efficient use of resources throughout their lifecycle. By promoting the circularity
of materials and products, this approach seeks to reduce reliance on virgin resources
and enable a more sustainable and regenerative economic model. The central aim of
the CE is to develop innovative approaches that sustain products, components, and
materials at their optimal utility and worth throughout their entire lifecycle, while
generating long-lasting and sustainable economic, environmental, and social benefits
for the wider societal system (Ranta et al., 2020). By adopting CE principles,
businesses and communities can minimize waste, conserve natural resources, and
create closed-loop systems that continuously recycle and reuse materials (Bédizs,
2022), thereby reducing their environmental impact and contributing to a more
sustainable future (Ranta et al., 2020). Implementing the CE can catalyze relevant
social, technological, institutional, and economic changes that intersect with various
aspects of the sustainability transition, such as business model innovation,
institutional roles, and governance rules and instruments (Urbinati et al., 2017). As
the CE concept continues to evolve, it is essential to understand its impacts on the
Environmental, Social, and Governance (abbreviation: ESG) metrics that are
increasingly used to evaluate the sustainability and responsible business practices of
organizations (Kyriakopoulos, 2021). Although the CE has been extensively
examined from an environmental and economic standpoint (Garcia-Barragan et al.,
2019), its integration within the broader Environmental, Social, and Governance

framework remains a topic that has received relatively less scholarly attention.
2 Theoretical Background

Corporate efficiency, or the CE, and ESG disclosures are two interconnected
concepts that have gained significant attention in recent years (Khamisu & Paluri,
2024; Nyantakyi et al., 2023). The CE, which emphasizes the efficient use and reuse
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of resources, is closely aligned with the environmental aspect of ESG, as it aims to
reduce waste, emissions, and environmental impact (Khan, 2024; Sanchez-Garcia et
al., 2024). At the same time, the social and governance components of ESG, such
as corporate social responsibility and ethical practices, can serve as enablers for the
transition to a more CE (Santiago et al., 2025). The CE, which emphasizes the
efficient use and reuse of resources, is closely aligned with the environmental aspect
of ESG, as it aims to reduce waste, emissions, and environmental impact (Khan,
2024). At the same time, the social and governance components of ESG, such as
corporate social responsibility and ethical practices, can serve as enablers for the
transition to a more CE (Palea et al., 2024). One key aspect of the relationship
between CE and ESG is the issue of "greenwashing", where companies may
misrepresent their environmental practices to appeatr more sustainable than they
truly are (Abouarab et al., 2024). This can undermine the credibility of both the CE
and ESG disclosures and highlights the importance of transparent and verifiable
reporting on sustainability measures (Dempere et al., 2024). The transition from a
linear "take-make-dispose" model to a more circular approach is not without its
challenges (Chirumalla et al., 2024). Small and medium-sized enterprises may face
barriers in adopting CE practices, such as a lack of resources or knowledge (Mishra
et al, 2022). However, the potential benefits of the CE, both in terms of
environmental impact and economic gains, make it an increasingly attractive
proposition for businesses of all sizes (Knible et al., 2022). As research on the CE
continues to evolve, it will be important to consider the broader context of ESG and
how these two concepts can be mutually reinforcing in driving sustainable business
practices (Sanchez-Garcia et al., 2024). This includes examining the ways in which
the environmental, social, and governance factors that comprise ESG can enable
and support the transition to a more circular economic model (Khan, 2024). For
instance, strong corporate governance and transparency around sustainability
metrics can help build trust and credibility in CE initiatives, while social
responsibility programs that prioritize community engagement and worker welfare
can facilitate the adoption of circular practices (Zhang & Hao, 2024). Ultimately, a
comprehensive understanding of the linkages between CE and ESG will be crucial
in developing holistic strategies for achieving long-term sustainability in business
operations (Garcia-Saravia Ortiz-de-Montellano et al., 2023). ESG factors are all
crucial components of the CE, and a holistic approach that considers the interplay
between these elements will be key to realizing the full potential of this shift towards
a more sustainable future (Kyriakopoulos, 2021; Yu et al., 2020).
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3 Methodology

The paper employed a methodological approach that leveraged Eurostat's existing
circular economy indicators to analyze the interplay between circular economy
principles and environmental, social, and governance performance. Instead of
creating new composite indicators, the research focused on exploring the
relationships between the circular economic utilization rate and individual countries'
ESG index values, providing valuable insights into their interconnections and

interactions.
3.1 Data

This research employs Eurostat's comprehensive CE indicators (Eurostat, 2025),
with the circular material use rate as a key measure incorporated in the study. By
incorporating the most up-to-date data available, spanning multiple years, the study
ensures a robust and relevant analysis of the prevailing trends and conditions. The
utilized ESG Index (Risk Watch Initiative, 2025) assesses the environmental, human
rights, and health & safety performance of 183 countries using 65 variables.
Countries are scored on a scale from 0 to 100, with 0 representing the lowest risk
and 100 the highest. This index helps organizations implement effective CSR
policies and align with ESG regulations.

3.2 Methodology for analysing interrelationships

The methodology centers on evaluating the interrelationships between circular
economy indicators and ESG index values across European Union (abbreviation:
EU-27) member states. By comparing the circular material use rate with ESG
performance metrics, the study identifies synergies and trade-offs within and
between the environmental, social, and governance dimensions. These relationships
were analyzed using statistical tools and data visualization techniques, offering a
comprehensive framework for assessing the impact of circular economy practices
on ESG outcomes. The study explores how the implementation of circular
economic principles can influence and shape the environmental, social, and
governance aspects of business operations and national policies within the EU-27.

Through in-depth analysis, the researchers provide insights into the potential
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synergies and tensions that may arise as organizations and governments strive to

achieve both operational efficiency and sustainable, responsible practices.
4 Results

The analysis of circular material use and ESG indices across various countries reveals
intriguing insights regarding the relationship between these two metrics and their
potential impact on sustainable development. The countries with the highest circular
material use ratios are Holland, Italy, and Malta. These nations also show relatively
strong ESG indices, with Holland scoring 22.61, Italy at 25.73, and Malta at 26.10.
The correlation between high circular material use and robust ESG indices indicates
a potential synergy between material circularity and overall sustainability
performance. This synergy suggests that a focus on circular material use may
contribute to the achievement of broader environmental, social, and governance
objectives, leading to more holistic and impactful sustainability initiatives. On the
other hand, countries with low circular material use rates such as Finland, Ireland,
and Romania present a paradox in their ESG indices. Finland, with a modest circular
matetial use rate, exhibits a notably low ESG index, while Ireland's ESG index is
higher despite a similar circular material use. Romania, while having the lowest
circular material use rate, has a relatively higher ESG index, suggesting that the
country's broader sustainability initiatives may not yet be fully reflected in its circular
economy performance. This discrepancy highlights the need for further
investigation into the factors influencing the disparity between circular economy
metrics and ESG indices. Specifically, this discrepancy suggests that ESG indices
may not fully capture the nuances of a country's circular economic efforts, and that
a deeper examination of the relationship between circular economy metrics and
broader sustainability indicators is warranted. By understanding the complex
interplay between these factors, policymakers and researchers can gain a more
comprehensive view of a country's environmental, social, and governance
performance. Analysis of the countries with the highest ESG scores, such as
Hungary, Bulgaria, and Romania, reveals a mismatch between their ESG
performance and circular material use. Despite having notable ESG scores, Hungary
and Bulgaria exhibit very low circular material use rates of 5.9% and 4.9%,
respectively. This indicates that while these countries excel in other areas of
sustainability, their circular economy strategies may be underdeveloped, potentially

hindering their progress towards comprehensive sustainability goals.
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Figure 1: Relationship between ESG index and circular material use rate for EU-27.

The countries with the lowest ESG indices, such as Finland, Sweden, and Portugal,
represent some of the best ESG performers globally. Finland, despite its relatively
low circular material use rate, excels in other key sustainability measures, likely due
to its strong environmental policies, high levels of innovation in sustainable
technologies, and effective waste management strategies. Sweden's low ESG index
further supports this notion, as the country is widely recognized as a leader in
renewable energy generation and sustainable business practices, although its circular
economy metrics may still be gradually improving. Similarly, Portugal, with a modest
ESG score of 19.87, demonstrates that a country can achieve notable ESG success
through comprehensive efforts across social, environmental, and governance

dimensions, even if its circular economy practices are still evolving and maturing.
5 Discussion

The relationship between ESG performance and circular economy is complex and
multifaceted. Circular material use can have a positive impact on economic
development and resilient growth, reducing dependency on resource markets and
exposure to resource price shocks (Garcfa-Barragan et al., 2019). However, the
transition to a circular economy model necessitates profound transformations in

existing production and consumption patterns, which can have far-reaching social
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implications that must be carefully considered and addressed. However, it is
important to recognize that high ESG performance is not solely contingent on
circular economy metrics, as a multitude of other factors, such as a country's
commitment to innovation, the strength of its governance structures, and the
comprehensiveness of its environmental policies, also play a pivotal role in shaping
overall sustainability outcomes. Countries with high circular material use tend to
have stronger ESG indices, as circular economy principles can promote
environmental protection, social responsibility, and robust governance practices (De
Pascale et al., 2021). However, the connection between circular material use and
ESG indices is not entirely linear. As highlighted in the literature, countries with high
circular material use, such as Hungary and Bulgaria, tend to have stronger ESG
indices. This suggests that improving circular material use could enhance ESG
performance, leading to improved environmental protection, social responsibility,

and robust governance practices (Garcia-Barragan et al., 2019).
6 Conclusions

In conclusion, while there is some correlation between circular material use and ESG
indices, the relationship is complex and not entirely linear. Countries with high
circular material use do tend to have stronger ESG indices, but other factors, such
as innovation, governance, and environmental policies, also play a significant role in
shaping these outcomes. For countries like Hungary and Bulgaria, improving their
circular material use could further enhance their ESG performance, potentially
leading to improved environmental protection, social responsibility, and robust
governance practices. On the other hand, nations like Finland and Sweden
demonstrate that hich ESG indices are achievable through holistic sustainability
strategies, even with lower circular economy metrics, by prioritizing a diverse range
of sustainability initiatives beyond just material circularity. The interplay between
circular material use and ESG performance is multifaceted, with various
socioeconomic, political, and environmental factors contributing to the overall
sustainability outcomes of a country. A comprehensive approach that addresses not
only material circularity but also innovation, governance, and environmental policies
is crucial for achieving meaningful and lasting progress in environmental, social, and
governance practices. The paper is limited by its reliance on secondary data,
constraining the ability to establish causal relationships; addressing this through the

integration of primary data and a deeper exploration of indicator relationships and
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standardization challenges could provide a more holistic understanding of the

interplay between circular economy practices and ESG performance.
play yp p
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Artificial intelligence (AI) has become an instrumental technology
in the fight against climate change, especially in industrial and
corporate settings. This study specifically explores how
businesses within the facilities management sector have
integrated Al technologies to mitigate and adapt to climate
challenges. Four expert interviews with corporate leaders who
have successfully deployed Al solutions were conducted to
identify key challenges, barriers, and success factors in
implementing Al-driven climate solutions, and develop
recommendations for businesses secking to leverage Al for
climate action. The findings of this study highlight the significant
potential of Al in addressing climate change challenges within the
facilities management sector, including demand response
management, predictive  maintenance, smart  building
optimization, and supply chain decarbonization. Demand
response management has effectively reduced peak load stress
and significantly lowered annual CO; emissions, while predictive
maintenance has contributed to a noticeable reduction in energy
waste and an extension of machinery lifespan. Key results include
the substantial environmental benefits achieved through targeted
Al interventions in energy management and the risk mitigation

gained from gradual implementation strategies.
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1 Introduction

This study investigates the integration of artificial intelligence in corporate climate
strategies, addressing the dual challenge of global warming and technological
adaptation through Al-driven solutions in energy and resource management.
Another challenge is the proper use of Al applications in addressing climate change,
including demand response management, predictive maintenance, smart building
optimization, and supply chain decarbonization. These two fields together show the
urgent need to articulate new solutions by academics and professionals. For instance,
July 2023 was recorded as the hottest month in human history, with the nine
warmest years ever documented occurring within the last decade (Moustafa et al.,
2023). Severe storms, droughts, floods, and wildfires — all amplified by global
warming — have caused extraordinary damage worldwide, while sea-level rise
threatens coastal communities globally (Varga & Csiszarik-Kocsir, 2023). Despite
the Paris Agreement's call to limit global temperature increases to well below 2°C
above pre-industrial levels, the world remains on track for approximately 3°C
warming by 2100 (Warren et al., 2022). Not to mention that around 4 billion people
already live in areas highly susceptible to climate change, and there are many areas
with weak health infrastructure — mostly in developing countries — that will be the
least able to cope without assistance to prepare and respond (WHO, 2025).

Climate change affects our health in many ways. It can cause death and illness by
disrupting food systems and contributing to mental health problems. Additionally,
it weakens important factors for good health, such as jobs, fairness, access to
healthcare, and support from our communities (Figure 1). These impacts tend to hit
the most vulnerable people the hardest, including women, children, ethnic
minorities, poor communities, migrants or those displaced, older adults, and people
with existing health issues (McMichale et al., 2011; Rawat et al., 2024).
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Figure 1: An overview of climate-sensitive health risks, their exposure pathways and
vulnerability factors
Source: WHO (2025), Available at: https:/ /www.who.int/news-room/ fact-sheets/detail/ climate-
change-and-health

Figure 1 shows that climate change is presented as a main factor influencing health
outcomes through several interconnected elements. Vulnerability factors — such as
demographics, geography, socioeconomics, and health system capacity — increase
the risk of climate-related hazards like extreme weather, heat, and air pollution.
These hazards, in turn, affect people, systems, and communities, creating various
exposures and leading to a broad range of health issues, including injuries, illnesses,
malnutrition, and mental health challenges. Additionally, the figure also shows how
health systems are both impacted by environmental threats and essential in
addressing these risks. Disruptions to health facilities can worsen existing
inequalities, since vulnerable groups often face greater challenges in accessing care.
This highlights the need for stronger and more adaptable healthcare structures.

Based on the abovementioned examples, it can be stated that climate change affects
humanity both physically and mentally (Szeberényi, 2023). Hence, this trajectory
demands urgent, innovative solutions that transcend conventional approaches. On
the technological side, however, artificial intelligence has experienced unprecedented

growth and advancement. Many scientists — Fauville et al., 2020; Jain et al., 2023;



9™ FEB INTERNATIONAL SCIENTIFIC CONFERENCE: SUSTAINABLE MANAGEMENT

126
IN THE AGE OF ESG AND AI: NAVIGATING CHALLENGES AND OPPORTUNITIES

Sundberg, 2024; Berde et al., 2025 — mention the urgent need of Al tools and models
to tackle the heavy climate change issues. This indeed will be mandatory soon, and
we agree with the idea of Lim (2019, p. 814), who said “Al has become a cornerstone of
innovation that will be the defining technology of our time". In 2025, these words could not
be more pertinent because Al has begun transforming nearly every major industry
through its capacity to analyse vast datasets, identify complex patterns, and generate
novel solutions. The convergence of these two global phenomena — climate crisis
and technological revolution — presents both significant challenges and extraordinary

opportunities for addressing one of humanity's most complex problems.
2 Theoretical Background

Artificial intelligence offers unique capabilities particulatly suited to addressing
climate change challenges. Climate science inherently involves complex systems
analysis, vast data processing requirements, and multivariable prediction — all areas
where Al excels. The technology's ability to process enormous datasets and identify
non-obvious patterns makes it especially valuable for climate modelling, emissions

tracking, and optimization of resource-intensive systems.

Recent advances in Al have enabled significant improvements in climate forecasting,
greenhouse gas monitoring, and energy optimization. For instance, Al is improving
climate model performance, providing advanced warning of extreme weather events,

and helping attribute such events to atmospheric changes.

In the domain of emissions monitoring, Al systems now draw on data from
satellites, aircraft, drones, and ground-based sensors, offering sharper insight into
greenhouse gas sources than ever before. Meanwhile, these same technologies can
measure the melting rates of glaciers and icebergs and identify exactly where melting
is occurring (WEF, 2023). Such capacities are remarkable: Al can track iceberg
changes up to 10,000 times faster than a human analyst, thereby enhancing our
understanding of how much meltwater these ice masses release into the oceans —an
issue growing more urgent as climate change warms the atmosphere Scientists at the
University of Leeds in the United Kingdom, according to the European Space
Agency, report that their Al tools can map large Antarctic icebergs in satellite images

in as little as one-hundredth of a second. By contrast, human efforts remain slow
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and prone to error, especially when distinguishing icebergs from the surrounding
whiteness of clouds and sea ice (ESA, 2023).

Another notable area where Al demonstrates exceptional utility is in the precise
mapping of environmental changes. Al significantly enhances environmental
monitoring by enabling the precise mapping of deforestation. By combining satellite
imagery with the ecological expertise of researchers, Al systems effectively delineate
deforestation areas and assess its impact on the climate crisis. This integrated
approach allows for the accurate measurement of both the extent of forest loss and
the quantification of carbon dioxide stored within forest ecosystems (WEF, 2024).
Moreover, Al demonstrates considerable potential in the realm of waste recycling,

and debris detection — a field critical to mitigating climate change (Figure 2).
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Figure 2: Categories of plastic debris analysed by Al and their impact on the environment
Source: Ocean Cleanup (2023). Available at: https://theoceancleanup.com/updates/lasting-damage-
why-cleanup-is-essential-to-tackle-microplastics/

The United States Environmental Protection Agency identifies waste as one of the
largest sources of methane emissions, contributing approximately 16% to global
greenhouse gas outputs. In response, Greyparrot, a London-based software startup,
has developed an Al-driven system to analyse waste processing and recycling
facilities (Greyparrot, 2025). This system aids in recovering materials that would
otherwise be lost to landfills. In 2022, the company monitored 32 billion waste items
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across 67 categories and reported that, on average, it could identify 86 tonnes of
recyclable material that might otherwise have been discarded (Greyparrot, 2022).
These developments demonstrate Al’s capacity to enhance the efficiency and

precision of environmental monitoring and waste recovery processes.
3 Methodology

Despite growing recognition of Al's potential contributions to climate mitigation
and adaptation, substantial gaps remain in understanding how these technologies are
being implemented in ‘real-world business’ contexts. While theoretical capabilities
have been extensively documented, less research exists on the practical challenges,
financial implications, and operational realities of deploying Al for climate solutions
within corporate environments. This research addresses this knowledge gap by
investigating how businesses are integrating Al technologies into their operations
specifically to address climate-related challenges. Through four expert interviews
with corporate leaders who have successfully deployed Al solutions, we examined
the practical applications, implementation challenges, and measured outcomes of
these technologies. This study aims to provide insights beyond theoretical potential,
offering a grounded perspective on Al's current and near-future contributions to

corporate climate action.

The main objective of this research was to identify key challenges, barriers, and
success factors in implementing Al-driven climate solutions, and develop
recommendations for businesses seeking to leverage Al for climate action.

To achieve this objective, we addressed the following research questions:

Q1: What are the primary applications of Al being deployed by businesses to address climate
change?

Q2: What best practices can be identified for organizations seeking to implement similar solutions?
4 Results

To find our answer to the first research question (Q1), the expert interviews revealed

four dominant Al applications in corporate climate strategies:
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1. Demand response management emerged as a critical tool for energy-
intensive industries. A utility sector executive noted: “Our Al system analyses
weather patterns, grid loads, and bistorical consumption data to dynamically adjust energy
distribution. This reduced peak-load stress by 27% and cut annnal COg emissions by
7,500 metric tons”.

2. Predictive maintenance showed significant adoption in manufacturing. One
of the interview participants who is an automotive leader mentioned that
“By deploying vibration sensors and machine learning, we predict equipment failures 48
hours in advance. (...) This lowered energy waste from unplanned downtime by 26%
while extending machinery lifespan by 33%".

3. The other interviewee was a property tech CEO, who specialized in smart
building optimization. In the interview he mentioned that “Owur Al-driven
HVAC systems adjust in real-time to occupancy sensors and external temperatures,
achieving an estimated 20% energy savings across 60,000 square feet of commercial
space”.

4. The fourth participant was a logistics director who is an expert in supply
chain decarbonization. He mentioned related to our preliminary stated
research question that “The new route optimization Al-algorithms reduced fleet
emissions by 14% without compromising delivery times, while material selection Al cut

packaging waste by 48%”.

It was also necessary to ask these experts about the best strategies that they believe
have proven vital for success. Related to our second research question (Q2) we can

summarize their thoughts as follows:

— “Starting small with a single production line before company-wide rollont can reduce the
technical risks. (...) Al helped in that too.”,

— “Keep your workforce and enbance their knowledge (...) training existing engineers in
Al literacy rather than wholesale replacements can improve not only the system, but the
adoption rates by a high degree”.

—  “If possible, collaborate with climate startups as early as possible. (...) They know best
the key leading problems in macro levels”.

— “Share the operational data with external Al developers and experts (...) In onr case
this method accelerated the solution tailoring by 4 months which is very long timeframe
when we talk about Al technology”.
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Summarizing the most relevant results, it can be concluded that the questioned
experts mentioned four different Al application possibilities in corporate strategies
which are analysation with Al, use of Machine Learning to predict equipment
failures, use of Al-driven HVAC system and Al-algorithms in route optimization.
In their opinion the best strategies for success are to starting small with a single
production line, enhance the knowledge of the workforce, collaborate with climate

startups and share operational data with Al developers.
5 Discussion

The findings of this study highlight the significant potential of Al in addressing
climate change challenges within the facilities management sector. The identification
of regulatory compliance and responsible supply chain as key drivers aligns with
previous research emphasizing the role of governance in promoting sustainable
practices (Jain et al., 2023; Pap et al.,, 2025). However, the emergence of policy
constraints and energy crises as major barriers underscores the complex interplay
between technological adoption and contextual factors, particularly in developing
nations (Vinuesa et al., 2020; Berde et al., 2025). The multiple pathways identified
for achieving high levels of technological transformation and policy adaptation
through Al commitment dimensions resonate with the configurational perspective
proposed by Gazzotti et al. (2021). This suggests that a nuanced, context-specific
approach is necessary when implementing Al solutions for climate action, rather
than a one-size-fits-all strategy. And it should not be forgotten that not only the
business, but other sectors, like higher education, is also facing new challenges
regarding how to effectively exploit the AI’s potential (Folmeg et al., 2024). The
critical role of digital skills and climate policy readiness across successful pathways
emphasizes the need for comprehensive capacity-building programs. This finding
aligns with the growing body of literature on the importance of human capital and
institutional readiness in leveraging Al for sustainable development (Rolnick et al.,
2019).

6 Conclusion
This study has effectively fulfilled its objective of identifying and analysing the roles

of Al in corporate responses to climate change. Based on four expert interviews with

leaders from diverse industries, the findings reveal four primary applications:
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demand response management, predictive maintenance, smart building
optimization, and supply chain decarbonization. These strategies have yielded
tangible outcomes, including reduced CO, emissions, improved energy efficiency,
and extended equipment longevity. The utility sector executive emphasized the
proactive nature of Al in energy management, saying “our Al platform doesn’t just
respond to peak loads, it can forecast them. (...) Allowed us to reduce grid stress and cut emissions
during high-demand periods”. From the automotive industry, the expert highlighted
efficiency and reliability, mentioning ‘predictive maintenance using Al fundamentally
changed our downtime strategy”. The property tech CEO shared insights into smart
infrastructure highlighting that “%he used Al-driven building systems are helping to respond
in real-time to occupancy and environmental inputs, improving sustainability metrics and occupant
satisfaction”. Lastly, the logistics director pointed out that “(...) by integrating Al into
both routing and packaging logistics, we not only reduced fleet emissions but also cut packaging
waste significantly”. These firsthand accounts underscore Al’s diverse role as a
technological enhancement and strategic enabler for climate resilience. The best
practices identified — for instance: phased implementation, workforce upskilling,
carly collaboration with climate-focused startups, and open data exchange — provide
actionable pathways for organizations seeking to adopt Al for environmental goals.
Future research should investigate Al deployment across additional sectors such as
agriculture, public infrastructure, and urban planning, where diverse operational
contexts may reveal unique challenges and opportunities. Additionally, longitudinal
studies tracking Al’s environmental performance over time could help refining the

best practices and create comparisons to adaptive policy frameworks.
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1 Introduction

In recent months, a significant need has emerged in the field of sustainability
reporting for the assessment of the existing CSRD ruling which defined and
standardized the reporting of corporate sustainability information. Since 2017,
considerable efforts have been observed to establish harmonized and
comprehensive sustainability reporting. This has been reflected in the
implementation of the Non-financial Reporting Directive (hereinafter NFRD) and
afterward the Corporate Sustainability Reporting Directive (hereinafter CSRD).
CSRD also introduced the reporting standards ESRS, which define in greater detail
the format and types of information that companies must report. These standards
provide companies with guidelines and definitions on the direction they should take
and the information they must disclose. In this respect, a significant step has been
taken towards ensuring standardized sustainability information re-porting. However
considering the current development of global events, these changes have been
identified as a potential cause of uncompetitive business in the EU. Therefore, the
EU has witnessed initial efforts related to the so-called Omnibus regulation, which
foresees legislative changes and a partial easing of existing CSRD requirements. This
paper aims to assess the extent to which selected companies report CSRD
information in their annual reporting (based on a predefined research model) and to
reassess to what extent the upcoming Omnibus regulation could change corporate
governance and the reporting of sustainable information practice (Cufar & Primec,
2022; Papathanassiou & Nieto, 2025; Saam & Rosenstein, 2024).

2 Theoretical Background/Literature review

The CSRD is designed to enhance the transparency and quality of sustainability
reporting. Compared to its predecessor, the NFRD, it introduces stricter measures,
standardized reporting, and the disclosure of additional sustainability-related
information, such as business models, strategies, risks, and opportunities. The CSRD
implements standardized reporting and the audit of reported data while also
introducing the double materiality concept and other improvements. The double
materiality concept requires companies to report both on how sustainability factors
impact their financial performance and on how their business activities affect the
environment and society. The CSRD came into effect on January 5, 2023, and EU

Member States were required to transpose it into national legislation by July 6, 2024.
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The main objective of the directive is to improve transparency and comparability in
sustainability data reporting. It enhances and addresses the shortcomings identified
in the NFRD directive. The disclosutes that companies must report relate to ESG
information following the ESRS reporting standards. The standards are divided into
12 standards, categorized into three ESG areas. Additionally, detailed sectot-specific
standards will be prepared for global consolidated reporting of companies outside
the EU, as well as simplified standards for SMEs and smaller, less complex
institutions. Economic entities will also be required to report on their entire value
chain, including both indirect and direct business relationships within the supply
chain and distribution network. The main purpose of the directive relates to the
high-quality collection of data (Cufar et al., 2024; Primec & Belak, 2022).

The EU has initiated a debate on simplifying sustainability reporting regulations with
the Omnibus regulation. The proposals are based on reasons arising from
geopolitical pressures and the enhancement of the competitiveness of European
companies. It assumes and proposes that the mandatory reporting required by the
standardized reporting framework under the CSRD should be reduced, introducing
a transition to voluntary disclosure of information. The Omnibus regulation suggests
postponing reporting obligations and introduces new rules where companies would
be required to report only if they have more than 1,000 employees, annual revenue
exceeding EUR 50 million, or a balance sheet total above EUR 25 million. This
would significantly reduce the number of companies subject to mandatory reporting
under the CSRD. The Omnibus regulation further proposes that, alongside the
mandatory ESRS standards, VSME standards be introduced, which would provide
voluntary reporting standards that are less detailed than the ESRS. Such measures
are intended to reduce the burden on companies while, at the same time, increasing
their competitiveness. The Omnibus regulation represents a new legislative
framework that introduces amendments to several different legislative acts. The
main objective of the new Omnibus regulation is to enhance competitiveness and
mobilize new financial capacities. It aims to implement changes in areas, such as
sustainable finance reporting, due diligence processes, the EU taxonomy, the carbon

border adjustment mechanism, and EU investment programs.

The Omnibus regulation comprises multiple documents and legal acts. Among the
proposed legal acts included in the Omnibus regulation is the Proposal for a Directive
of the European Parliament and of the Council amending Directives 2006/43/EC,
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2013/34/EU, (EU) 2022/2464 and (EU) 2024/1760 as regards certain corporate
sustainability reporting and due diligence requirements. Another is the Proposal for a Directive
of the European Parliament and of the Conncil amending Directives (EU) 2022/ 2464 and (EU)
2024/1760 as regards the dates from which Member States are to apply certain corporate
sustainability reporting and due diligence requirements.

(Pasqua, 2025).

Past research highlights that CSR is based on two methodological approaches. The
first approach, descriptive studies, focuses on the nature of disclosure while the
second approach focuses on explanatory studies of factors influencing sustainability
reporting. Research reveals that corporate reporting differs between countries and
confirms that the quality of sustainability reporting following CSRD requirements is
influenced by corporate characteristics, governance mechanisms, and external
factors (Khan et al., 2013; Primec & Belak, 2022).

Legislation and corporate governance play an integral role in the implementation of
CSR in companies and information disclosure. Past research suggests that legislation
and governance structure influence CSR engagement (Webb, 2004; Jo & Harjoto,
2012) and that the size and independence of the board of directors are often
associated positively with sustainability reporting (Kaymak & Bektas, 2017; Cucari
et al, 2018). Previous research indicates that legislation impacts the quality of
sustainability disclosures. With the implementation of legislation, companies are
assigned responsibility for reporting information while also providing key
stakeholders with additional information on risks and opportunities for decision-
making. Past research shows that countries implementing stricter measures in
auditing reported data and financial disclosures would increase transparency and the
reporting of disclosed data (Brammer & Pavelin, 2000). In countries where the
CSRD and, previously, the NFRD have been implemented, the level of reporting is
often higher than in countries where such legislation has not been introduced
(Anlesinya & Abugre, 2021; Cufar et al., 2024). Sustainability reporting in the EU
has improved over the years with the implementation of the NFRD and later the
CSRD. This indicates the impact of sustainability reporting legislation on corporate
governance, leading to the gradual integration of sustainability measures within

companies' management and governance processes (Cufar et al., 2024).
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3 Methodology

The research will be conducted using the multiple case study method. This method
was applied to analyze corporate sustainability reporting in practice and to further
analyze the impact of legislation on reporting in practice. It was selected because it
enables a detailed analysis, understanding, and examination of the studied
phenomenon. It allows for the analysis of the phenomenon based on a specific
company, which facilitates a better understanding of the subject and the factors
influencing it. With this method, it is possible to analyze various aspects using data
and analytical approaches. The research analyzed sustainability reports and annual
reports (Breijer & Orij, 2022; Magbool et al., 2022).

For data collection and analysis, the content analysis method was used. The content
analysis method has previously been applied in similar studies. This method is
suitable for this type of research because it allows for the comparison and
examination of qualitative data obtained from sustainability reports of selected
companies. The selected method is suitable for the present analysis because it allows
for the examination of qualitative reporting by companies and its interpretation. The
sample on which the research was conducted includes nine companies from
Slovenia, Germany, and France operating in the sectors of insurance. The analysis
was conducted based on the annual report or a separate sustainability report
published by the selected business entities for the chosen reporting year (Breijer &
Orij, 2022; Krippendorff, 1989; Shieh & Shannon, 2005).

The study examined the level at which companies report sustainability information
following CSRD requirements. For the study, a research model was developed based
on the requirements of the NFRD, CSRD, and ESRS.

4 Results

The research results showed how companies reported in various areas. Based on
these results, it can be concluded that the level of reporting was highest for social
information, followed by governance information and, afterward, environmental
information. In the environmental area, companies reported information related to
climate change, pollution, water and marine resources, biodiversity and ecosystems,

and circular economy. In these areas, companies reported on more than half of the
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requirements set by the CSRD. The most detailed disclosures were related to climate
change, followed by pollution, water and marine resources, biodiversity, and circular
economy. In the social area, companies achieved the highest level of reporting on
information related to their workforce, followed by reporting on stakeholders and
employees within the supply chain, local communities, and information related to
customers and end consumers. On average, the analyzed companies reported more
than half of the required social information following the CSRD. At the management
level, companies, on average, achieved the highest level of reporting by disclosing
information about the business model and sustainability strategies of enterprises.
This was followed by data on the management board and supervisory board,
followed by information on managing business partners, internal risk management,

and fair business practices.

Based on the research results, companies reported on average more than half of the
information required by the CSRD across all three examined areas: environmental,
social, and governance. However, these disclosures were not always comprehensive,
and many companies did not report on all factors and criteria prescribed by the
CSRD. Nevertheless, the results indicate a clear trend toward sustainability reporting
and a more comprehensive overview of corporate management from a sustainability

perspective.
5 Discussion

Based on the research results, it is evident that companies report data required by
the CSRD in their annual reports and sustainability reports. It can be observed that
greater emphasis is placed on factors within the social domain, particularly
concerning their own workforce and supply chain due diligence. This was followed
by reporting at the governance level where companies primarily disclosed
information about their business model concerning sustainability, as well as
strategies and plans for sustainable development and management. A high level of
reporting was also observed in disclosures related to the management and
supervisory boards of companies. In the environmental domain, companies
achieved the highest level of reporting in the areas of pollution and climate change.
The research results indicate that companies are committed to and progressing

toward full compliance with CSRD reporting requirements.
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The research results also indicate that companies do not report all the information
required by the CSRD. Consequently, the findings suggest that there is still
significant room for improvement and more comprehensive reporting. Enhancing
reporting would not only increase the scope of disclosed information but also better
integrate sustainability into corporate governance and management processes.
Previous studies have demonstrated that legislation on sustainability reporting
influences the disclosure of information by companies in practice (Cufar et al., 2024).
Due to regulatory changes in this direction, sustainability reporting has improved
over time, showing that legislation has had a positive impact on sustainability

reporting in practice.

With the EU proposal and Omnibus regulation, the question arises as to the future
direction of sustainability reporting and sustainable corporate governance in
practice. Due to the reduction of reporting requirements and the increase in the
reporting threshold for companies, it is expected that the level of sustainability
reporting may decline slightly or may not progress as significantly as in previous
years. Legislative measures serve as incentives for companies to comply with
sustainability measures and report sustainability-related information. However, with
the relaxation of such measures and a more lenient reporting framework, the
question arises as to how this will impact sustainability in practice. On one hand, it
is expected that companies will experience greater flexibility due to more lenient
reporting requirements. On the other hand, there is a risk that, as a result of reduced
reporting obligations and voluntary reporting, companies may not implement
sustainability measures proactively within their management and governance
processes but instead limit them to the minimum required level. In the long run, this
would likely mean gradually moving away from achieving the sustainability goals set
by the EU.

6 Conclusions

Based on the research results, it is evident that in practice, companies report
information as required by the CSRD legislation. Such legislative measures impact
sustainability within companies positively and contribute to the pursuit of the EU’s
sustainability goals. This represents a significant step toward a circular economy and
sustainable management of companies, ensuring that, in the long run, businesses

operate efficiently without causing harm or exploiting their environment or other
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stakeholders. With the evolution of the economy and global trends, the Omnibus
regulation proposal has been introduced at the EU level. This proposal would soften
the sustainability reporting requirements set by the CSRD and narrow the scope of
companies subject to mandatory reporting. If such legislation is implemented, many
open questions and areas of uncertainty will arise regarding the future development
of sustainability within companies. Nevertheless, these open questions present an
open opportunity for future research. In future research, it would be recommended
to analyze the level of sustainability reporting after the potential adoption of the
Omnibus regulation and compare it with the sustainability reporting results under
the existing NFRD and CSRD frameworks.
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In the era of ESG and Al, industrial symbiosis (IS) represents a : 1Ke3“"°*d“
Circular economy,

key strategy for achieving sustainable management. This paper Croatia,
. . . ESG,

presents a comparative analysis of two national approaches, ] s
Croatia’s traditional, material-based IS model and Slovenia’s Slovenia
digitally supported e-Simbioza platform, to explore how analogue JEL:
and digital pathways can both contribute to ESG goals. Through Qo1,

Q57

qualitative analysis of secondary data and case studies, the
research highlights how digitalization, including the use of ICT
and potential applications of Al, can enhance symbiotic networks
through improved coordination, transparency, and predictive
analytics. While Croatia demonstrates strong industry-led
practices, Slovenia’s approach emphasizes digital facilitation. The
findings reveal a complementary relationship between traditional
and digital models of IS, suggesting that Al and digital tools can
gradually augment established IS practices. Despite regulatory
and infrastructural barriers, this study offers insights for
policymakers and businesses aiming to scale circular economy
practices in the context of the green transition and digital

transformation.
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1 Introduction

Industrialization and urbanization have significantly increased carbon dioxide
emissions and require solutions that balance economic growth and environmental
sustainability. Industrial symbiosis has proven to be an effective strategy as it enables
companies to exchange materials, energy, water and by-products, thereby reducing
waste, lowering emissions and optimizing resource use. Recognized by the European
Commission as a key component of the circular economy, industrial symbiosis

supports both economic and environmental sustainability.

In Croatia and Slovenia, industrial symbiosis plays a crucial role in promoting
Environmental, Social, and Governance (ESG) objectives by integrating
environmental innovation into industrial processes. This paper examines how cross-
industry collaboration promotes sustainable economic models and strengthens
regional resilience. This paper explores how industrial symbiosis contributes to
ESG-oriented sustainability through two distinct approaches: a traditional material-
exchange model (Croatia) and a digitally enhanced coordination model (Slovenia).
The central research question is: “How do different models of industrial symbiosis,
one analogue and one digital, support the achievement of ESG goals and what

lessons can be drawn from their comparison?”

The paper is structured as follows: The first chapter of this paper is the introduction.
The second chapter provides an overview of the relevant literature on industrial
symbiosis and its ESG implications. The third chapter outlines the research
methodology, data sources, and analytical approaches. The fourth chapter presents
the findings, focusing on case studies from Croatia and Slovenia, while the fifth and
the sixth chapter discuss the key findings, challenges, and potential solutions. The
conclusion summarizes the research contributions and suggests directions for future

studies.
2 Theoretical Background / Literature review

A system of production and consumption known as the circular economy (CE)
encourages the long-term use of products, boosts resource efficiency, and decreases
waste (Erceg et al., 2024). In contrast to the linear model (produce, use, throw away),

CE promotes recycling, repairing, and reusing materials in order to reduce the
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consumption of natural resources and the negative impact on the environment. CE
is applied in various sectors including consumer goods, electronics and textiles, and
is based on five models: 1) circular supply, 2) resoutce recovery, 3) product life

extension, 4) sharing, and 5) product service models.

As Erceg et al. (2024) state, the collaboration between industrial businesses, when
waste or by-products from one company become raw materials for another, is
known as industrial symbiosis (IS), which is a subset of industrial ecology (IE). This
model improves resource efficiency, decreases waste, and generates financial gains.
In order for companies to reduce the costs of raw materials and waste disposal,
companies located close to each other work together in IS and exchange resources
(materials, energy, water). The most important goals of IS include increasing
competitiveness, extending the life of materials in the economic cycle, and
maximizing the use of natural resources. The “3-2 heuristic” is often used to
distinguish IS from other types of exchange where at least three entities and at least
two types of resources are involved in the exchange (Chertow, 2000).

The most common definition of industrial symbiosis (IS) comes from Chertow
(2000), who describes it as the collaboration of traditionally separate entities through
the physical exchange of materials, energy, water and by-products, where
cooperation and synergy, often enabled by geographical proximity, are key elements
(Erceg et al., 2024; Martin, 2020). Lombardi & Laybourn (2020) have proposed a
more recent definition of IS, which has been adopted by the Journal of Industrial
Ecology. The same definition is summarized by Eomenech et al. (2019), stating that
IS is a systematic approach to a more sustainable industrial system that identifies
business opportunities through the use of unused resources (materials, energy, water,
capacity, know-how, etc)). IS involves organizations from different sectors
exchanging resources for the reuse of waste and by-products in order to optimize

the value of remaining materials in production processes (Castiglione, 2021).

Industrial symbiosis (IS) involves cooperation between industrial companies
through the exchange of materials, energy, water, and by-products, as well as the
shared use of services and infrastructure (Van Eetvelde, 2018). An important
prerequisite for successful IS is the identification of opportunities for such exchange.
The types of resources achieving synergy in the exchange of materials and waste can

be raw materials, by-products, waste materials, energy, and water (Erceg et al., 2024).



148 9™ FEB INTERNATIONAL SCIENTIFIC CONFERENCE: SUSTAINABLE MANAGEMENT
IN THE AGE OF ESG AND AI: NAVIGATING CHALLENGES AND OPPORTUNITIES

W
I}
[}
o4
N5
M5
Ho
12

H 20

Figure 1: Examples of Country-Specific Numbers of European Industrial Symbiosis
Source: Erceg et al. (2024)

The best-known example of IS, mentioned by Bili¢ et al. (2024), Al-Quradaghi et al.
(2020), and Gulipac (2016), is the Kalundborg Eco-Industrial Park in Denmark.
Kalundborg Symbiosis (see Figure 2) includes both world-leading and smaller
companies, but regardless of size, the benefits of industrial symbiosis are clear: cost
reduction and lower emissions, growth with fewer resources, more competitive

companies, and more resilient societies and businesses.

Figure 2: Simplified View of the Kalundborg Symbiosis
Source: Danielsson (2017)
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2.1 Industrial symbiosis in Croatia

The model of industrial symbiosis in the Republic of Croatia, illustrated by a
concrete example of the use of wood biomass ash (WBA) from power plants in the
construction industry (Stirmer et al., 2020), represents a modern form of sustainable
management based on the principles of the circular economy. It is a collaboration
between the energy sector, which produces WBA as a by-product, and the
construction sector, which uses this waste as a substitute raw material in the
production of concrete. In this way, the ash, which would otherwise end up in
landfill sites and cause environmental pollution, is converted into a valuable
resource. From an economic point of view, this model of industrial symbiosis has
numerous advantages. On the one hand, power plants save money by not having to
pay for waste disposal, while the construction sector saves money by not needing
costly primary raw materials like natural sand. On the other hand, new prospects
enhance the creation of inventive and eco-friendly building materials, increasing the
competitiveness of the home sector. Industrial symbiosis encourages the
development of new market niches, boosts local employment, and aids in regional
growth. Furthermore, as is the case with the project to create new construction
products using PDBs, these models make it easier to secure money from national
grants and European funds meant for sustainable development initiatives. The
implementation of industrial symbiosis improves resource utilization efficiency
while lowering environmental and regulatory expenses. The Republic of Croatia’s
long-term sustainable development is based on this model, which not only helps the
EU achieve its environmental protection and renewable energy goals, but also
demonstrates how cross-sectoral cooperation can produce tangible economic and

environmental benefits.
2.2 Industrial symbiosis in Slovenia

In Slovenia, urban strategies are being used to explore the potential of industrial and
urban symbiosis. Momirski et al. (2021) highlight issues such as a lack of regulations,
inadequate waste-to-energy conversion, and low by-product reuse. However, there
are chances for better waste management and brownfield redevelopment. The two
most crucial elements are greater awareness and the alignment of laws with EU
regulations. According to Momirski et al. (2021), industrial symbiosis in Slovenia is

an integrated model of collaboration between various industrial sectors and urban
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areas that permits more economical resource use and a smaller ecological footprint.
This model turns waste, water, energy, and by-products from one production
process into valuable inputs for other processes inside linked organizations. This
directly supports the objectives of circular economy by reducing the need for new
raw materials and creating closed material flows. The creation of the e-Simbioza digital
platform, which connects various businesses to share resource information, is one
of the most significant instances of industrial symbiosis in Slovenia. This platform
provides a useful tool for symbiosis implementation at the territorial and industrial

zone levels.

From an economic point of view, this model has a number of advantages. Firstly, it
makes it possible to reduce companies’ operating costs, as the use of by-products or
waste as raw materials reduces expenditure on the purchase of primary resources.
Secondly, industrial symbiosis increases the competitiveness of companies as it
enables them to develop innovative products and business solutions that meet
market demand for sustainable practices. Thirdly, companies will have the
opportunity to access funding from European and national funds that promote
green transitions and sustainable projects. In addition, new space is created for the
development of business models based on reuse, remanufacturing, and recycling,
which further strengthens the economy’s resilience to resource and energy crises.
Ultimately, industrial symbiosis in Slovenia not only contributes to sustainability and
the reduction of environmental impact, but also creates economic added value
through more rational management of resources and new development

opportunities for entrepreneurship.
3 Methodology

This paper uses a qualitative methodology based on a descriptive and comparative
analysis of secondary data. The aim is to analyse and compare industrial symbiosis
models in Croatia and Slovenia in the context of sustainable management, with a

particular focus on ESG principles and the concept of circular economy.

The analysis is based on scientific articles, official EU documents, national reports,
and case studies, including the application of wood biomass ash in Croatia and the
development of the e-Simbioza digital platform in Slovenia. A comparative approach

was used to explore similarities and differences in institutional, technical, and
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regulatory aspects while analysing potentials and challenges, especially in the
application of digital technologies to optimize resource flows and connect industrial
enterprises. The research question is: How can industrial symbiosis, supported by
digital tools, contribute to the achievement of ESG goals in the industry of Croatia
and Slovenia? The application of digitalization was analysed qualitatively, as its role
in industrial symbiosis is still at an early stage of development and the available data

is mostly descriptive and conceptual, which makes quantitative analysis difficult.

Limitations of secondary analysis include the inconsistent methodological
approaches of sources, limited access to internal company data, and the possibility
that the latest trends and innovations are not yet adequately documented. Despite
these challenges, the qualitative approach enabled a deeper understanding of
digitalization in industrial symbioses, the identification of key barriers and
opportunities, and laid the groundwork for future empirical research that could
include quantitative methods and primary data.

4 Results

The research results show that industrial symbiosis is an effective tool for achieving
the goals of sustainable management within the framework of ESG in Croatia and
Slovenia. Although the two case studies from this paper represent different national
and sectoral contexts, they illustrate complementary stages of IS evolution. The
Croatian case, on the one hand, exemplifies a conventional, material-based industrial
symbiosis model in which industries work directly together to reuse resources. The
Slovenian case, on the other hand, is a prime example of the shift to a more digitally
integrated model, where ICT support allows symbiotic exchanges to be mapped and
activated through platforms like e-Simbioza. This distinction is consistent with recent
research that acknowledges the digitization of IS as a step in the direction of more
intelligent and adaptable symbiotic systems (Lombardi & Laybourn, 2012;
Domenech et al., 2019). These cases offer insights into how digital tools can
gradually improve traditional IS models rather than reflecting disjointed efforts.
Successful industrial symbiosis practices are already in place in both countries,
according to an analysis of theoretical sources, industry practices, and case studies.
The use of wood biomass ash (PDB) as a substitute raw material in the production
of concrete in Croatia highlights the synergy between the energy sector and the

construction industry, which has both economic and environmental benefits. One
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notable outcome in Slovenia is the digital platform e-Simbioza, which links industrial
businesses and makes it possible to find possible symbiotic partnerships. Through
the reduction of waste, CO, emissions, and primary resource consumption, the
promotion of local production and employment, and the enhancement of resource
management efficiency and transparency through digital tools and technologies,
industrial symbioses directly contribute to ESG goals. Digitalization and the
application of digital solutions increasingly contribute to the optimization of IS
models and enable improved resource coordination, predictive analytics and real-
time decision making. Economic benefits include lower operating costs, the
development of new market niches for green products and access to funding from
EU funds and national sustainable development programs. However,
implementation challenges have also been identified, such as a lack of standardized
procedures and regulations, limited awareness and knowledge in the industry, and

technical and infrastructural barriers, especially for smaller companies.
5 Discussion

This research confirms that industrial symbiosis (IS) plays a key role in achieving
ESG goals, with a particular focus on digital technologies as tools to increase

efficiency and operational integration of symbiotic models.

From an environmental perspective, IS enables the reduction of waste, emissions,
and the consumption of primary resources through the reuse of by-products, energy,
and water. The example of the use of ash from wood biomass in the Croatian
construction industry confirms the environmental value of IS by reducing the need

for primary raw materials.

From a social point of view, IS stimulates employment, strengthens local production
chains and enables the revitalization of industrial areas, which is particularly evident
in Slovenian urban strategies. Linking different sectors such as energy, construction,
and utilities opens up new opportunities for cooperation and sustainable

development.

From an administrative perspective, the information society contributes to more
transparent and efficient resource management. Digital platforms, such as the

Slovenian e-Symbiosis, facilitate the identification and exchange of resources
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between companies, improving compliance with ESG requirements and EU

regulations.

The role of digitalization further strengthens IS models and enables predictive
analytics, logistics optimization and the identification of hidden synergies. Digital
systems can support sustainable decision-making and the development of intelligent

symbiotic networks that will automate and customize the exchange of resources.

Although IS brings numerous benefits, the main challenges include the lack of
regulatory requirements, the low level of digital maturity of companies, limited
awareness of the benefits of IS, and resistance to changing business models. Slovenia

shows greater institutional support through strategic documents and digital tools.

This comparative perspective reveals that industrial symbiosis evolves along a
continuum—from physical, analogue interactions between companies, as seen in
Croatia, to more digitally enabled frameworks, as exemplified by Slovenia. While
digital platforms do not replace traditional IS models, they enhance them by
facilitating faster identification of synergies and enabling data-driven decision-
making. Thus, the integration of ICT and Al in IS practices should be viewed as a

means of strengthening and scaling up existing symbiotic relationships.

It can be concluded that industrial symbiosis, supported by digital solutions, has
significant potential to achieve ESG goals, but requires an interdisciplinary
approach, strong political will and active collaboration between industry, regulators,

and academia.
6 Conclusions

The paper concludes that industrial symbiosis in Croatia and Slovenia contributes
significantly to ESG goals by enabling the reduction of waste, emissions, and
business costs. In Croatia, industrial symbiosis practices are industry-led, while
Slovenia focuses on digital platforms such as e-Symbioza. Artificial intelligence (Al)
has the potential to optimize resource flow and decision-making, but its application
in industrial symbiosis is still limited due to a lack of regulatory support, standardized

procedures, and awareness in the industry.



9™ FEB INTERNATIONAL SCIENTIFIC CONFERENCE: SUSTAINABLE MANAGEMENT

154
IN THE AGE OF ESG AND AI: NAVIGATING CHALLENGES AND OPPORTUNITIES

The main limitations include the lack of primary data and the variability of
methodological approaches in the available literature, making quantitative analysis
difficult.

Future research should focus on empirical verification of the role of Al in industrial
symbioses and comparative analysis with other EU countries to identify best

practices and enable wider adoption of sustainable industrial models.

These findings provide a practical contribution to understanding how sustainable
management practices can be enhanced in the age of ESG and Al, aligning with

broader European green transition goals.
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1 Introduction

Robotic process automation (RPA) emerged as a significant assistive tool in the
business sphere in 2012, with its potential to automate rules-based processes that
were previously performed manually (that is a simple definition of RPA). The RPA
was primarily designed to automate repetitive, rule-based tasks such as data
extraction, data entry, and transaction processing. RPA aims to improve operational
efficiency by reducing manual effort, minimizing human error, and speeding up task
completion (Huang & Vasarhelyi, 2019). By mimicking human interactions with
digital systems, RPA enabled businesses to streamline workflows, improve accuracy,
and reallocate human resources to more strategic, value-added activities (Gotthatdt,
Koivulaakso, Paksoy, Saramo, Martikainen & Lehner, 2020). However, RPA
developments went beyond their original scope, resulting in the birth of Intelligent
Process Automation (IPA). IPA uses advanced technologies such as artificial
intelligence (AI), machine learning and cognitive computing to automate more
complex processes that were previously beyond the capabilities of traditional RPA
(Nunes, Leite & Pedrosa, 2020). RPA is a component of IPA and is used for
repetitive activities, whereas IPA is utilized for complicated end-to-end workflows.
RPA is rules-based, meaning it uses human-set rules to do activities such as email
answering. IPA, on the other hand, combines Al technology, enabling it to handle
jobs requiring judgment and analysis without human interaction. It can handle errors
and constantly learn from data patterns to enhance efficiency. RPA can only process
structured data, but IPA can handle unstructured data (Vanner, 2021).

Advances in technology, especially in the area of process automation, have
contributed significantly to the evolution of the corporate world. These
technological advances have enabled organizations to increase their productivity and
efficiency, resulting in increased profitability and competitive advantage (Gotthardyt,
Koivulaakso, Paksoy, Saramo, Martikainen & Lehner, 2020). Among these advances,
IPA has emerged as a transformative force. The innovative services offered by IPA
are cognitive data processing, automated decision-making, process orchestration,
etc. (Zhang, 2019). Thus, as a successor (IPA) to its predecessor (RPA), IPA is
beneficial for companies. Auditors' analyses and reporting procedures are
predominantly based on historical data, specifically financial records and
transactions from the preceding business year. Given the substantial volume of data

that must be processed throughout the audit process, there is a significant delay in
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the timeliness of reporting. This lag can impede the ability to identify risks and
inefficiencies in a proactive manner (Lombardi, Bloch & Vasarhelyi, 2014). To
address these challenges, IPA plays a crucial role by enhancing data processing
efficiency, improving accuracy, and enabling real-time analysis. By integrating
automation with advanced analytics, IPA facilitates a more responsive and dynamic
auditing process, thereby mitigating the limitations associated with traditional
methods (Zhang, 2019). That is why sustainable management that focuses on
balancing economic growth, environmental responsibility, and social well-being is
needed to ensure long-term success. Such sustainable management is offered by
artificial intelligence, which is a key part of the IPA toolkit (Mendelsohn, 2024).
Organisation’s sustainable management practice must provide employees with an
answer to the following dilemma: on the one hand, employees are expected to adapt
to this technological transition; on the other hand, they may face certain
consequences, including potential dismissal. But what if they adapt? Do they risk
becoming devalued as workers, which will eventually turn them into becoming a
technical surplus in a society where technology increasingly replaces human roles, or
will it make them a necessary asset of the organisation because only they can manage
that advanced type of technology? Therefore, the research question for this paper is:
Will the integration of IPA into day-to-day audit operations diminish the
professional value and expertise of junior auditors and newcomers to the field? In
our paper, we use an analytical approach as we analyse previous studies by other
authors in search of an answer to our research question. We briefly highlight some

concepts that are key to understanding the content of the IPA and auditing.

This paper aims to provide a comprehensive overview of IPA in relation to auditing
and auditors. It examines the key contributions of IPA. Furthermore, the analysis
delves into the potential challenges and constraints that businesses may encounter
in implementing IPA. We discuss the issues related to the use of IPA in auditing and

its impact on the workforce.
2 A brief literature review

IPA is the use of several technologies to automate larger, end-to-end business
processes. It is the extension of simple, rules-based task automation to the
management and automation of complete business processes comprised of several

tasks. At its foundation, IPA combines RPA, Al, and machine learning to automate
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bigger decision-based business processes that previously required an individual to
intervene and execute (Kospompoulos, 2021). IPA mimics human behaviours and,
with time, learns to do them even better. Advances in deep learning and cognitive
technologies have enhanced traditional rule-based automation mechanisms with

decision-making capabilities (Berruti, 2017).

One of the biggest reasons why organizations are warming to IPA is its combination
of Al and RPA. Additionally, the benefits it offers are far more advanced than either
the use of RPA or Al alone. The results of such a unique combination are as follows.
(1) By incorporating advanced technologies such as machine learning and Al, IPA
can handle more complex and cognitive tasks that RPA cannot. This enables
businesses to automate a broader range of processes, resulting in deeper cost
reductions across multiple operational areas (Kospompoulos, 2021). (2) By
leveraging Al, IPA systems can learn from data, make decisions, and even predict
outcomes, reducing errors and inconsistencies in process outputs (Polner, Wright,
Schaefer & Thopalli, 2022). (3) IPA enhances efficiency by automating both routine
and complex processes, streamlining workflows across various departments
(Kospompoulos, 2021). (4) By automating a wider range of tasks, IPA enables
employees to focus less on routine, repetitive activities and more on high-value,
strategic projects (Polner, Wright, Schaefer & Thopalli, 2022).

The benefits that many different industries have experienced are the following: the
automation of 50-70% of tasks translating into 25-35% annual run-rate cost
efficiencies; a 50-60% reduction in straight-through process time; and return on

investments in the triple-digit percentages (Kospompoulos, 2021).

While IPA offers a range of transformative benefits to the business landscape, these
advantages come with their own set of challenges. The following outlines some of
the most critical challenges organizations encounter as they strive to harness the full
capabilities of IPA (Hardware Secrets, n.d.):

1. Integration with legacy systems. The term "legacy systems" desctibes
outdated technology that businesses continue to use for essential
operations. It is difficult and takes careful planning to integrate IPA into
existing systems. In order to minimize disruptions and maximize the

benefits of automation, particularly for organizations with older
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technologies and established processes, IPA tools and existing software
must communicate seamlessly.

2. Data security and compliance. Data security is complicated and involves
discussions about government regulation, law enforcement's access to data,
and what data businesses may gather. Strong security measures are required
to guard against any breaches or illegal access.

3. Employee resistance. Presenting IPA employee opposition to automation
may stem from concerns about job instability. Companies could address
these issues by communicating clearly, implementing training programs, and
stressing that technology complements human skills rather than takes their

place.

Addressing this type of challenges is complex and requires a nuanced approach.
Simply implementing communication strategies or training programs for selected
employees does not fully resolve the underlying concerns that drive resistance.
Employees often express apprehension and uncertainty due to a fundamental fear
that IPA may render their roles redundant. This concern is compounded by a
perception that company leadership views IPA primarily as a means to reduce

operational costs, potentially through workforce reductions (Szwed, 2023).
3 Auditing workforce

Junior auditors are entry-level employees who are essential to the auditing and
accounting industries. They often assist in a variety of auditing tasks in auditing firms
while working under the direction of senior auditors. Their efforts are seen to be
crucial in order to guarantee that audit procedures are comprehensive and meet the
necessary requirements (Chan, n.d.). They are usually in charge of carrying out the
preliminary audit procedures, which involve obtaining and assessing financial data,
verifying the correctness of documents, and making sure that pertinent
pronouncements are being followed. This practical work is essential for spotting
anomalies and possible risk areas. They often evaluate financial accounts and do
substantial testing as part of their daily tasks. These tasks need a systematic approach
to problem-solving and acute attention to detail (Accountinglnsights Team, 2024).
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According to projections by the U.S. Bureau of Labor Statistics, employment for
accountants and auditors is expected to increase by 4% between 2022 and 2032,
potentially creating 126,500 job vacancies per year. However, jobs involving
repetitive duties, like data entry and bookkeeping, might decline by more than 20%
(Thomson Reuters's team, n.d.). On the other hand, a significant challenge cutrently
faced by audit firms is the shortage of skilled professionals, with vacancy rates
reaching as high as 58% (Thomson Reuters's team, n.d.). The other challenge faced
by audit firms is recruiting new auditors, which is up by 27%. The dynamic regulatory
environment requires continuous adaptation and upskilling, placing additional
burdens on both aspiring and existing auditors. This complexity further exacerbates
the shortage of qualified professionals in the field, making it increasingly difficult for
firms to attract and retain new talent (Thomson Reuters's team, n.d.). Another
problem for audit firms is also a low 41% employee retention rate. One of the key
factors impacting recruitment is the integration of new technologies into existing
work systems, accounting for 27% of the challenges firms face when hiring new
audit professionals. Adopting advanced digital tools and automation requires
auditors to develop new technical skills, further complicating the hiring process by
requiring technological skills and limiting the pool of qualified candidates available

to meet industry demands (Thomson Reuters's team, n.d.).

Al in auditing is extensively utilized for data extraction and entry, enhancing
efficiency in the collection and input of large volumes of information. Additionally,
automated reporting has emerged. Al can generate reports with minimal human
intervention, thereby improving accuracy and reducing the time required for manual
report preparation (Thomson Reuters's team, n.d.). Al also plays a crucial role in
identifying anomalies and irregularities, thereby enhancing the accuracy of audits by
detecting unusual patterns in financial transactions. Furthermore, Al is widely
employed for analytical insights, facilitating data-driven decision-making in audit
practices. Predictive analytics enables auditors to forecast trends based on historical
data (Thomson Reutets's team, n.d.). The integration of Al in audit functions
underscores its potential to enhance efficiency, accuracy, and risk management

capabilities (Thomson Reuters's team, n.d.).
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4 Discussion

Integrating process automation in audit practices presents both opportunities and
concerns regarding the roles of junior auditors and new entrants to the field. While
automation offers efficiencies by handling repetitive tasks, such as data entry and
simple reconciliations, it shifts the skill requirements for junior auditors, making
adaptability and analytical skills essential to their roles (Accountinglnsights Team,
2024). This trend encourages junior auditors to focus on high-value tasks, such as
critical analysis and strategic insights, rather than routine checks, ultimately

enhancing their expertise in complex areas of the field.

One of the major reasons why audit firms are facing a shortage of new junior
auditors is the implementation of newer technology. In addition to the many
advantages that we mentioned above from IPA as a tool that it offers to companies,
we cannot ignore the fact that it also replaces human power and causes additional

challenges and risks for companies.

One of the major risks is in change management and consequent workforce
implications. Change management itself refers to a new structured approach in the
organization that is used in order to change the individual, teams, and entire
organization from the state in which they are into the desired future state. Change
management itself involves initial planning, implementing the plan, and just
following it up to see if it is going in the right direction in order to ensure that the
organization is effectively adopted and integrated. All of these changes in the
organization have implications for employees, i.e. the workforce (O’Sullivan,
Raymeent, O’Shannassy & Boland, 2016).

The implementation of IPA can result in a gradual loss of process knowledge among
employees, i.e. forgetting the steps of performing an audit. As automated systems
take over repetitive, rule-based tasks, human auditors and financial professionals can
become less engaged in the detailed execution of these processes. Over time, this
can lead to a decline in their understanding of the underlying workflows,
dependencies, and decision-making criteria involved in audit procedures.
Furthermore, the implementation of IPA can introduce significant control and

security challenges if not managed propetly. One of the primary security concerns is
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that IPA bots often require privileged access to systems and databases to perform
their tasks (Bulerich, Waddoups, Wagener & Wood, (2024).

Given all of the potential advantages that the IPA tool itself offers as well as the
difficulties that audit firms already have when putting IPA into practice, it is clear
that the instrument presents difficulties for both novices and junior auditors. There
is a clear danger that it may limit entry-level professionals' access to practical training.
Junior auditors have historically developed their skills through manual procedures
that call for critical thinking, problem-solving, and a thorough comprehension of
financial data. Since IPA manages a large portion of the everyday work, new auditors
would not have as many opportunities to hone their core competencies, which might
impair their capacity to evaluate intricate transactions, spot anomalies, and utilize
professional judgment. This may eventually hinder their ability to advance in their
profession as they do not have the breadth of knowledge required to take on more
complex auditing duties. However, IPA also provides chances to improve some
skills, like junior auditors may concentrate on more analytical, strategic, and value-
added responsibilities, including analyzing data trends. Organizations must take a
balanced stance to guarantee that IPA integration does not reduce junior auditors'
professional worth. Automation initiatives should be supported by mentorship,
structured training programs, and active participation in challenging audit tasks.

Based on our brief analysis, we, therefore, believe that the implementation of IPA
or any other advanced technologies gradually jeopardizes the auditing industry,
particularly by slowly contributing to the development of a workforce with a limited
skillset in basic auditing tasks that are usually repetitive but enable junior auditors’
growth in skills and experience. The use of IPA in auditing (i.e. in day-to-day
operations) is encouraged, but junior auditors must acquire basic knowledge, skills,
and experience in auditing. Sole reliance on IPA in auditing is questionable and
should be further elaborated.

5 Conclusion

Overall, automation is reshaping the learning landscape for junior auditors by
limiting their exposure to core tasks and hands-on practice. As a result, junior
auditors may experience skill gaps in data management, risk assessment, and

analytical insights—areas critical to their advancement in the field. We are of the
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opinion that the value of future auditors is gradually diminishing due to the increased
use of technology in auditing (i.e. IPA). Their lack of practical knowledge and
reduced practical experience can contribute to dissatisfaction, leading some junior
auditors to leave the profession in search of roles that provide greater opportunities

for skill development and professional growth.
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Technological development in recent years — increasingly focused
on computer science — has seen innovative solutions based on
Artificial Intelligence (AI) and the Internet of Things (IoT)
pervade every aspect of human knowledge. In the economic
sphere, the need to include digital technologies in business
processes has led to a radical change in the way companies
operate, introducing a whole range of tools that can redefine their
decision-making and organizational models. From the
perspective of sustainability — a central theme for today’s
enterprises — the advent of digital would seem to have led to
significant benefits, through the optimal use of resources and
constant monitoring of production activities and operational
processes. However, while environmental and economic
sustainability seem to be favoured by the automation of
processes, the sense of inclusiveness of the human resources
involved in the enterprise is increasingly diminished due to a
progressive ‘de-empowerment’ of stakeholders with respect to
decision-making dynamics. Using the Viable Systems Approach
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centred approach is essential for the sustainable development of
modern companies.

process ma ‘gement.

knowledge management,
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1 Introduction

The issue of sustainability has been, for years now, a top priority for companies in
every sector. Growing concerns about climate change and rapid technological
progress have, in fact, reaffirmed the central role of social responsibility and
environmental impact in strategies for implementing sound and sustainable business

models.

If, on the one hand, the advent of digital technologies — Artificial Intelligence (Al)
and the Internet of Things (IoT), above all — has introduced a whole series of
innovative tools capable of improving efficiency through the automation of
processes, on the other hand, it has forced companies to radically reorganise their
management models and operational processes, with the aim of including intelligent

systems in business dynamics.

Although technological advancement — offering opportunities for innovation,
efficiency and competitiveness — has historically been an engine of growth for
businesses, it is evident how the integration of digital innovations brings with it
challenges linked to a physiological aversion to change — especially when so rapid —
and a common sense of distrust towards Al. The latter stems from the thought —
casily shared — that the implementation of fully automated strategies could exclude
the human being from processes, limiting the role of intuition, emotions and social

responsibility in decision-making dynamics (Bassano, 2024).

The objective of companies is, therefore, to try to reconcile economic growth with
social equity and environmental protection in the context just described, which sees
the entry of new variables into the system and, inevitably, the emergence of new
challenges. To all the obstacles to sustainability that traditionally plagued businesses
before the advent of digital technologies — e.g. the intensive exploitation of natural
resources and the protection of workers' rights — further difficulties are added,

related to new issues — data security and the impact of automation, above all.

The phenomenon of stakeholder de-empowerment — that is, the alienation of
humans with respect to business processes — is the main negative effect of the
digitisation of enterprises. Even though it is now perceived as a particularly worrying

reality — especially within companies, where different stakeholders see their decision-
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making impact increasingly compromised — the literature in this field seems to focus
exclusively on the operational advantages offered by Al, without considering the
side effects. Recent studies, in fact, have shown that among companies that have
implemented cutting-edge digital solutions, only a small fraction declare themselves
concerned about the progressive reduction of human involvement in strategic
decisions (Paniccia, 2018).

Starting from the highlighted issues, this paper proposes to analyse — using the
Viable Systems Approach (aSv) — the role that the emotional state plays in decision-
making processes, in the light of the digital transformation underway. The aim is to
legitimise the importance of emotional contribution with respect to automated
processes, which equally require active human-centred management. The focus of
the research is on the aspects of sustainability that deal with the involvement of
different stakeholders in company operational processes, at whatever level. The key
aspect to be analysed is, therefore, the impact of digitisation on Corporate Social
Responsibility (CSR), with the aim of understanding how an emotionally aware

approach can still be essential for sustainable business management in the digital age.
2 Theoretical Background
2.1 The complexity of business operational processes

The role of business decision-making and operational processes has been
profoundly analysed in scientific literature. Studies on the subject, in fact, highlight
how the optimisation of business processes is the key to achieving planned
objectives and creating value (Calabrese et al., 2024). Closely linked to these is the
deployment of resources and, therefore, of the skills and competences instrumental
to the generation and affirmation of a company's competitive advantage: only if the
various operational phases are managed appropriately will the results obtained be

consistent with the set objectives (Calabrese et Al, 2024).

This premise highlights how the presence of a decision-making body — capable of
selecting the most appropriate strategies according to specific operational contexts
— is crucial for companies in any sector, both in the analysis phase of ‘as-is’ processes
and in the subsequent implementation of new ones. What we wish to convey here

is that decision-making mechanisms underpin the proper functioning of the
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enterprise in all its operational processes and, as such, are indispensable even in a

fully automated business environment.

What makes it particularly difficult to imagine separating the dynamics of business
decision-making from the role of the human being is the concept of complexity,
which is intrinsically connected to both our nature and that of businesses — and the
processes characterising them. According to Daft, in fact, the complexity of
processes is linked to the degree of interconnection between the resources involved
and the different tasks envisaged: in other words, as will be better discussed below,
it is a mirror of the systemic relationship between internal stakeholders and the
external environment. From this perspective, the connectivity between the parties
can be facilitated and supported by digital technologies, but the human decision-
making role remains irreplaceable (Daft, 2005).

The goal of sustainable enterprises in the digital age should be, in essence, to be able
to adequately reconcile the connection between technological and human resources,
fostering an operating environment in which the digital workforce is employed in
the production of value by exploiting the shrewd choices made by the human

counterpart.
2.2 The role of emotions in the digital age

The human resources involved in operational flows play a fundamental role in the
functioning of processes and the determination of their results. Skills, motivations
and emotions directly influence organisational performance (Barbagallo, 2012). In
particular, the emotional component of human resources deputed to making
decisions can be a determining factor in strategic and operational choices: for
example, positive emotions can broaden the perspective of decision-makers in
making a choice; on the other hand, negative emotions can — even unconsciously —

lead to more conservative choices (Damasio, 1994).

Reasoning outside the corporate context, it can be said that the emotional
component has, therefore, a correlation with the outcomes of processes — easily
found in everyday experience — and is intrinsically linked to their complexity. The

emotional aspect, in fact, is undeniably the main element characterising the
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complexity of human nature, even before that of business processes — of which the

human actor is in any case an indispensable part.

Well before the overbearing advent of digital, emotional intelligence had on several
occasions been identified as a tool for dealing with business dynamics, facilitating
conflict resolution between operational actors and improving internal collaboration.
Several studies have, in fact, shown that the presence of leaders with high emotional
intelligence within organisations was the key to improved performance (Goleman,

1998).

With the digital transition of businesses, the way business processes are managed is
undergoing a transformation. The complexity of the dynamics is reduced ot
amplified depending on the ability of companies to adapt the new tools to their
existing processes (Barile, 2023). Several studies have shown that without an
adequate human-machine combination within processes, digital transformation
projects can fail and contribute to an increase in complexity, rather than a reduction
of it (Brown, 2019). In this perspective, the emotional elements of the people
involved in organisations represent that essential component for the success of
digital strategies, which aim at maximising the performance of organisations
(Williams & Davis, 2020).

The real challenge for management — especially from the perspective of CSR aimed
at the well-being of internal human resources and customer relations — is, therefore,
to embrace technology without imposing constraints on the creative and emotional

expression of decision-makers.
3 Methodology
31 Viable Systems Approach and Corporate Social Responsibility

CSR is a business model encouraging companies to integrate social and
environmental concerns into their business operations and decision-making
dynamics. In the context of sustainable process management, CSR focuses on the
needs of stakeholders — both internal (employees, managers, owners) and external

(customers, suppliers, society) — with an eye towards community engagement.
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A cutting-edge CSR strategy cannot therefore avoid implementing practices aimed
at protecting workers not only from a legal and ethical point of view, but also with
respect to their decision-making role within the company, their responsibility and
their right to take an active part in decision-making processes. Furthermore, a
company's ability to extend its empathetic approach to the public can positively
influence consumers' perception of the brand, improve employee satisfaction and
well-being, and ensure that the management of processes is guided by ethical

principles.

In any case, the link between digitisation and CSR — by virtue of what was said above
— cannot disregard the role that emotions play in corporate decision-making
processes: the advent of Al while in some ways favouring sustainable practices, risks
detaching companies from fundamental human values. Emotions thus become a key
factor in maintaining a balance between technological progress and social
responsibility, as they represent the link between innovation and the well-being —

based on trust and a sense of belonging — of stakeholders.

The relationship of coexistence of the human element (decision-maker) and the
technological element (implementer) in business processes can be explained in a
straightforward manner by taking up some fundamental concepts of aSv. The
structure/system dichotomy, for example, allows us to understand the crucial role
of operational processes in the life cycle of the enterprise: it is precisely these that
dynamically make a system — aimed at a specific objective — emerge from a ‘static’
structure (Barile, 2009). It is as if the will to pursue a purpose enables the
relationships between resources, bringing out the internal capabilities (general
patterns) and specific competences (specific patterns) necessary for the creation of
value (Calabrese et Al., 2024).

In other words, there is a relationship between technological/digital structure and
human resources, which is realised in processes. These play a key role in the
combination of resources and their integration within the organisation, in order to
achieve ‘organisational consonance’ between the parties (Barile, 2008). Going back
to the concept of the relevant supra-system, it is as if the strategic directions traced
by the decision-making processes allowed the enterprise, in its systemic wholeness,
to adapt — asserting its competitive advantage — to the external context in which it

operates (Sciarelli, 1999). In this way, the ‘enterprise system’ — through its internal
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operational processes —manages to establish a consonant relationship with its supra-

systems, ensuring its survival.
3.2 The role of emotions in decision making dynamics

The relationship of interaction between viable systems and their supra-systems —
both in the context of business management and in everyday human relations — is
described by one of the fundamental principles of aSv, that of ‘isotropy’ (Barile S.,
2023). According to this principle, the system is called upon — whenever its
equilibrium is disturbed by the occurrence of a problem — to make choices that allow
it to modify itself, readjusting to its relevant supra-systems. This modification takes
place on the basis of decision-making patterns, derived from value categories — the
set of strong believes that characterises every viable system from birth — which

represent the filter through which each individual acquires new information.

Translated into a business perspective, the role of the decision-making body within
companies is to ensure that the principle of isotropy is respected through a series of
choices that readjust strategies and reorganise processes according to the needs —
from inside or outside — of the system itself. It follows from what has just been said
that business processes are strongly linked to the value categories of the decision-
makers, since the choices of the latter directly determine the adaptation of the
processes themselves to the various operational contexts of reference. According to
this perspective, the digital transition represents a need that the various ‘company
systems’ could not pursue without the action of one or more human decision-makers
capable of rearranging the pre-existing structure through their decisions (Lerner,
2015).

Once we are convinced of the inalienability of the human role in business
management — whether traditional or digitised — we need to discuss how the
emotionality that characterises each individual intervenes in the determination of
choices. The role of value categories in this regard is well formalised by the
Information Variety Model IVM):

Ving (k) = flUinr k), Sine (k), Cpai (F)],
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according to which the information variety (Vip¢) — i.e. the mental conformation of
the decision maker at the moment of choice — of a given system ‘k’ is a function of
the value categories (Cyq) of the decision maker, of the interpretative schemes (Sipe)
derived from them and of the information units (Uyy¢) available to the system (Barile
S., 2023).

Observing the mathematical formalisation of the IVM, the aSv would appear to give
no weight to the role of emotions in decision-making processes; however, the fact
that emotions do not appear explicitly in the writing of the information variety
function does not prevent us from believing — as found in everyday experience —
that a causal principle nevertheless exists between them and the choices made by the
life system. This principle can easily be traced back to the relationship between
emotions and value categories, represented by a kind of dynamic interweaving,
whereby — in a cyclical sense — values influence our emotionality and emotions, for
their part, accompany value categories in their process of defining interpretative

schemes.
4 Discussion

What has just been analysed — through the interpretative tools offered by the aSv —
suggests how emotionality has a significant weight in decision-making dynamics by
virtue of its direct link with the value categories that characterise human beings. The
genesis of emotions, if you like, is in some way linked to the vicissitudes introduced
by contextual dynamics, which is why they — even more so than the value categories
themselves, which on the contrary do not take context into account — are able to
influence the decisions that lead to the construction of individual processes. To
summarise, emotions represent the direct effect of applying interpretative schemes
— derived from value categories — to the boundary conditions introduced by the
context (Barile S., 2023).

The fact that the literature on the subject concentrates a great deal on the
technological aspect of business processes, while paying very little attention to the
role of emotions in decision-making and operational processes — be they internal
(managerial) or external (consumer relations) — is a clear sign of a lack of
understanding of the concepts just outlined. Such a shortcoming prevents one from

appreciating the ‘emotional’ nature of business processes, not allowing one to
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correctly interpret the role of the human being and his intrinsic complexity in
business management. The complexity of business processes is, in fact, often
assessed by resorting to the measurement of quantitative parameters — such as inter-
connectivity within workflows and operational efficiency — that do not consider the
emotional response of decision-makers - both in the planning phase and in the

execution of processes.

Nevertheless, it is indeed difficult — referring once again to one's own observational
spirit — to think of ignoring the effect of the emotional state on the choices we are
called upon to make in everyday life. Referring to the ‘company as a viable system’,
therefore, it is even more complicated to think of describing and assessing the
efficiency of processes based exclusively on criteria not considering the decision-
maket's emotional equipment or — even wotrse — to hypothesise a future in which

the role of the human decision-maker is replaced by digital technologies.

Having clarified the importance of emotions in the choice phase of the life system,
the question remains as to what effect this has on individual operational processes —
that is, how emotional action affects the complexity of processes. Reinterpreting
Goleman's thought from an aSv perspective, the emotions of the human resources
involved in business processes can contribute to the reduction of process complexity
or its amplification, to the same extent that context dynamics influence the variation
in the system's level of consonance with its supra-systems (Goleman, 1998; Barile

S., 2023).

In short, the emotional state of the decision maker at the time of the choice
represents the level of openness (or consonance) of the system with respect to the
strategies to be implemented and influences — positively or negatively — the
complexity of the processes and the speed with which they are modified. From this,
it follows that strategic and operational planning cannot disregard the human factor
and emotional elements, having to adequately value the impact they can have on the

information variety and performance of organisations.
5 Conclusions

The focus on the structural elements of processes — and, in particular, the digital
technologies that support them — increasingly directs scholars in the field toward a

biased view of interpretative models of business systems. Such a view focuses on
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efficiency, connectivity and technological integration, often conceiving the human
factor as an exclusively structural element and ignoring, as a result, any emotional
contribution that human resources can release in terms of expanding the variety of
information useful for decision-making and operational processes. From the
petspective of sustainable business development and CSR — based above all on the
well-being and full awareness of their role by corporate resources — it is important
that, even at a time when digital transition is now a categorical imperative, the
importance of human value is not forgotten. Through the lens of aSv, this study
highlights the indispensable role of human emotionality in decision-making
dynamics and their action on the complexity of operational processes with a view to
corporate sustainability. The paper highlights how for companies of the future, it is
critical to develop strategies that balance Al and emotional intelligence to ensure a

sustainable human-centered growth model.
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1 Introduction

Language is, despite its importance, often ovetlooked in research outside the
linguistic disciplines. This lack of attention is precisely what we wish to address in
this article. Focusing on language and economic discourse, we can define language
as a “social construction, which allows communication between members within a
social group, and connects separate groups into a unified whole” (Pogorelec, 2024,
p- 75). Even so its effects as a social construct can be hard to quantify, particularly
because language use is frequently considered trivial. This is perhaps most applicable
to speech itself which in the context of conversation often serves the purpose of
talk, “simply for the sake of talking itself” (Eggins & Slade, 1997; p. 6 in Young,
2004, p. 15). We should be careful however, not to conflate the triviality of the act
of talking with the triviality of the language used. This is because “speech conveys
much more than the words that talker chooses to utter” (Hagoort, 2019, p. 24).

So why does language play such an important role in our social lives and how can
this approach be used to help us expand our understanding of the influence that
Artificial Intelligence (AI) has on our society? In response, we aim to provide an
overview of potential research avenues at the intersection of artificial intelligence

and sociolinguistic studies.
2 Theoretical background / literature review

Language is not a rigid structure but like all social constructs, it is shaped by the
specific time and place in which it is used. As explained by Pogorelec (2024, p. 59)
“communicating, understanding, responding in a common language develops over
time and changes slowly.” This change is still bound and curtailed in some ways.
Most prominently, we can turn to the uniformitarian principle (Labov 1994, in De
Busser, 2015, p. 133), from which “we can suppose that language structures in the

past were subject to the same constraints as language structures now in the present.”

“Because language is as a social and, therefore, also a historical creation — a heritage
that is passed on, altered and supplemented from generation to generation — it is the
responsibility of all of us who speak it, write it and thus pass it on.” (Pogorelec, 2024,
p. 59) Adding to this, Gumperz & Levinson (1996, p. 1 in De Busser, 2015, p. 1)
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state: “culture, through language, affects the way we think, especially perhaps our

classification of the experienced world.”

It could even be argued that this relationship can be inverted, as “most of our culture
cleatly depends on the human ability to communicate ideas and construct artifacts
with the help of natural language” (Hagoort, 2019, p. 1). Pogorelc (2024, p. 59)
expands on this, stating that “language enables thought /.../ therefore, thinking is
not possible without it.” The influence of language on culture construction is also
incredibly subtle, as “speakers very often aren’t even aware of the linguistic

phenomena and characteristics of their speech” (Bitenc, Stabej in Zejn, 2021, p. 36).

In this way, the relationship between language and culture can be seen as serving a
very specific function: maintaining types of thought that support existing power
structures, or as stated by Howlett & Raglon (2001, p. 246 in Fill and Mihlhausler):
/T /he ideological legitimation of social relations is embedded in the structures and
discourses of each and every society and extend from the largest to the smallest

social relations and institutions.”

Language is a complex phenomenon, its use and form affected by multiple variables.
On an institutional level, it is affected by “social structure and the general
organization of society” — things which, as stated by De Busser (2015, p. 13), are
“typically outside the conscious control of individual members of that society” —
along with “cultural factors, which are the result of beliefs and ritualized behaviors”
(De Busser, 2015, p. 13).

As proposed by van Dijk (1997, p. 2), we can constrain the understanding of
discourses to three main dimensions: the use of specific forms of language, the
communication of beliefs, and the interaction in social situations. It is especially
important to address language in the sphere of economics. This is because language
is both influenced by and consequently constructs economics as a field (De Busser,
2015, p. 13-14 in Weinrich, 2001, p. 91-92).

As stated by Grimm (1819 in Fill and Mihlhiusler, 2001, p. 91): “Language is
economical everywhere. It employs minute inconspicuous means and nevertheless
achieves great ends.” From common expressions to turns of phrase, economic

language constantly informs our understanding of the world. As stated by Weinrich
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(2001, p. 92 in Fill and Miihlhdusler): “Anyone who prefers a full purse to an empty
one will agree that a language that is rich in words is preferable to one that is poor

in words.”

This is significant when we consider the dominating effect of language and its
relationship to power. Domination is not enacted only through direct action, but
also “through our habits of language as well, encoded linguistic biases of which we
are often unaware” (Kahn, 2001, p. 241). This plays an important role in enshrining
structural power (Machin & Mayr, 2012), through “linguistic strategies which diffuse
ethical questioning and maintain the ideologies and agendas of those in power”
(Kahn, 2001, pg. 243 in Fill and Mihlhiusler).

This is especially relevant in the sphere of economics, including in fields such as
green advertising (Howlett & Raglon, 2001, p. 245-253 in Fill and Miuhlhiusler),
where companies aim to “create corporate images which are environmentally
friendly or benign” (Howlett & Raglon, 2001, p. 245 in in Fill and Mihlhdusler).
Another strategy pointed out by Bloor & Bloor (2007, p. 107) is topic control, which

encompasses “control over turn-taking and hence over the content of discussion.”

Looking at Fairhurst & Putnam (2004, in Allen, Walker & Brady, 2012), we can
identify a specific approach to organizations as discursive formations that can prove
to be very helpful in our understanding. As Allen, Walker, & Brady (2012) elaborate,
this is the grounded-in-action orientation, one in which the organization and

discourse are separate forces that both influence each other.

We have already touched on some aspects of critical linguistics, particularly in
exploring “how language and grammar can be used as ideological instruments”
(Machin & Mayr, 2012). Expanding on this, Machin & Mayr (2012) explain that
“humans do not live in an objective world, but rather that this world is shaped for

them by the language that has become the medium of expression in their society.”

Corporations can play a vital role in the construction of the language used to create
this world and often find benefit in ‘adjusting’ the discourse to fit their needs
(Howlett & Raglon, 2001, p. 245-253 in Fill & Mithlhdusler), and none are perhaps
more predisposed to do so than corporations involved in technological

development. As Bloor & Bloor (2007, p. 139) elaborate: “When discussing major
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changes in society in the past half-century or so, there is a tendency to emphasize
technological progress, particularly in the fields of computing and communications,”
continuing later, in relation to the rapid growth of commercialization, that “this is
closely bound up with the technological advances which have extended and
improved the channels and modes of discourse, /.../ providing not only improved

means for accessing markets but also new products to sell there.”

Artificial intelligence (Al) is increasingly entering the discussion as the catalyst of a
fourth industrial revolution (Forstneric-Hajnsek, 2023; Nemorin, Vlachidis,
Ayerakwa & Andriotis, 2023, p. 38). As Rakowski & Kowalikova (2024, p. 2)
elaborate, “we are currently living in a time of digital transformation often referred
to as digital turn or rise of artificial intelligence.” It is undeniable that “the number
of tools based on artificial intelligence (Al) designed to assist human decisions has

increased in many professional fields” (Vicente & Matute, 2023).

In recent times, we have seen a staunch rise in the use of Al technologies inside the
labor market (Liu, Chen & Lyu, 2024), with the technology quickly proving itself to
be the “driving force behind a new technological revolution” (Liu, Chen & Lyu,
2024, p. 2).

Artificial intelligence has proven especially impactful, as it affects not only the field
of industry but also exerts powerful and immediate consequences for society at large
(Rakowski & Kowalikovd, 2024). However, this also means, that “the integration of
technology, Al, people and data presents new ethical and political challenges and
dilemmas in its implementation” (Rakowski & Kowalikova, 2024, p. 2).

For this reason, it is imperative to understand what Al is, and what people perceive
it to be. On that point, Al has redefined the very way that consumers act within the
marketplace (Jain & Kumar, 2024). As Brewer, Bingaman, Paintsil, Wilson &
Dawson (2022, p. 560) explain, there are three domains in which people’s
perceptions of Al are influenced: “news coverage, science fiction, and interpersonal
discussion” — all rooted in communication. In general, “people are more likely to
talk about Al /.../ when they communicate with others” (Dong, Jiang, Li, Chen,
Gan, Xia & Qin, 2024). These all provide certain ‘frames’, through which Al can be

understood. While the word is not directly stated, we can still draw a connection



9™ FEB INTERNATIONAL SCIENTIFIC CONFERENCE: SUSTAINABLE MANAGEMENT

182
IN THE AGE OF ESG AND AI: NAVIGATING CHALLENGES AND OPPORTUNITIES

between these and the construction of different discourses — ways of describing Al
that prescribe it with different meanings.

In general, most of the language surrounding Al can be categorized into two broad,
opposing discourses: one where Al is seen as a progressive force that improves
society (Engster & Moore, 2020; Ferras-Hernandez, Nylund & Brem, 2023; Shen &
Zhang, 2024; Zhang & Peng, 2024), and one where Al is framed as a dysfunctional
force, often a detriment to social progress (He, 2024; Kieslich, Keller & Starke, 2022;
Yi, Goenka & Pandelaere, 2024).

Let us tackle the first of the two discourses. Concerning the pro-Al position, a few
sub-discourses arise. The first and most obvious is the conception of Al as a new
technology (Shen & Zhang, 2024). The focus here is placed specifically on the
innovative aspect of Al, and especially on its ability to ‘think’. Personalization of
large language models can also be seen as part of this discourse, as they are ascribed

with a certain level of sentience (Gomes, Lopes & Nogueira, 2025).

Perhaps the most common approach, particularly in the economic sphere, is Al as a
tool for greater economic productivity (Ferras-Hernandez, Nylund & Brem, 2023;
Shen & Zhang, 2024; Zhang & Peng, 2024). As Engster & Moore (2020, p. 202)
put it: “Artificial intelligence (AI) is being touted as a new wave of machinic
processing and productive potential.” As Shen & Zhang (2024, p. 5) add, Al is a
useful tool for economic growth as it “reduces the demand for coded jobs in
enterprises while increasing the demand for nonprogrammed complex labout, /.../
deepened and refined the division of labour, /.../ advanced productive forces, /.../
improving their job satisfaction and employment quality, /and/ reduces the distance
between countries in both time and space, promotes the transnational flow of

production factors, and deepens the international division of labour.”

On the opposite side of the spectrum, an aspect of the anti-Al discourse that is
worth going over, though it seldom sees mention within the economic sphere is the
environmental cost of Al (Delort, Riou & Strivastava, 2023; Kieslich, Keller & Starke,
2022, p. 2). Here, emphasis is often placed on Al as a drain on resources, rather than
a resource saving tool, centering not on Al’s capabilities, but on the material

expenses required for its operation.
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Lastly, we can mention Al’s cultural homogenization (Ferrara, 2023; He, 2024; Singh
& Ramakrishnan, 2023; Yi, Goenka & Pandelaere, 2024). This discourse concerns
several spheres, from culture to religion and emphasizes the influence of power and
norms on Al as a product of societal forces (Ferrara, 2023) and how biased
preconceptions can lead to bias within Al He (2024, pp. 2-3), for example, focuses
on religion and stresses that Al can provide a stifling effect that devalues traditional
and religious beliefs. Additionally, it has been shown that “biased recommendations
made by Al systems can adversely impact human decisions in professional fields
such as healthcare” (Vicente & Matute, 2023).

3 Discussion and conclusions

As we have already outlined throughout this paper, to some authors, Al appears to
be the herald of the fourth industrial revolution. Whether this is true remains to be
seen, but one thing is certain: through Al we can observe an expansion of the power
of the economic sphere. If Al is to be at the spearhead of the fourth wave of
industrial development, then its ability to pierce into nearly every domain of social
existence, to play a role, however slight, in everything from culture to art to menial

labor, means that its power is near guaranteed.

So, if Al is the herald of a new age, what can we say about the discourses surrounding
it? As we have outlined, there is a dualism in understanding, a divergence within the
discourse, creating two diametrically opposed constructions that are, nonetheless,
similar in their focus on AD’s power and it near-universal influence. The pro-Al
discourse promotes Al both as a technological and economic achievement capable
of revolutionizing nearly every field of study, work, or leisure. However, the anti-Al
discourse also emphasizes this all-encompassing nature, framing Al not as a force
of liberation and revolution, but as one of control and stagnation, through discourses
focusing on repression and homogenization and its destructive potential through

ecological discourses.

A significant obstacle to this research can be found in the clear lack of writing on
the subject of discourses and language use relating to Artificial Intelligence. Most of
the existing material on Al looks at it from a materialist perspective, focusing on
Al’s transformative potential for economic growth or the dangers of its power

consumption. Perhaps the closest are critiques of Al as a tool that entrenches power
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relations. Put more simply, most writing about Al is very much still concerned with
its effects, while not really delving into what Al is, or what people see it to be. This
is perhaps unsurprising — Al is itself quite a modern phenomenon — but that leaves
a largely unexplored field of study, a field that can expand our understanding of Al
in a different direction than the equally valuable research concerned with Al’s effect.

Lastly it is worthwhile to touch upon the fact that language is extremely specific,
with structures and use cases varying wildly even among related languages. As
Hagoort (2019, p. 21) tells us, “In order to use language, people must learn the
specific ways in which their language expresses meaning and recruit this knowledge
when expressing the meanings they wish to convey or when retrieving those of
others.” In practice, this means we must be especially mindful of ascribing broad
cross-cultural meanings to concepts and should refrain from the simple adoption of
foreign discourses, as there are great differences in the way that different languages
and, consequently, different cultures construct and think of seemingly similar

concepts.

These are still undoubtedly useful, as with the growing interconnectedness of the
world, some discursive elements are bound to overlap, but they should serve to
inform research, not substitute it, since substitution would result in less precise
explanations and a poorer understanding of Al This is doubly true for small
languages such as Slovenian, which constantly adopt many meanings and important
phrases from more dominant languages. From this perspective, it becomes even
more important to analyze language use within these smaller languages because this
higher level of melding can cause us to better understand how meaning is transferred

and adapted between languages.

A significant limitation also emerges from this cultural specificity, as most linguistic
analysis — limited as it already is — is also focused largely on western European
languages. Therefore, the understandings that have been produced in this field tend
to stem from these languages, which then often become the basis for discourse in
other language groups as well. For this reason, from a more socially conscious
standpoint, more attention should be directed towards the study of language relating
to Al, specifically within smaller languages, in order to attempt to preserve their

cultural autonomy in whatever way possible.



D. Putko, S. Kolar: An Analysis of the Social and 1inguistic Construction of

Artificial Intelligence 185

It is important to mention that there are also certain aspects of the discourse which
were omitted from this paper simply due to the lack of both relevant materials and
expertise, given the multidisciplinary nature of Al-related issues. In this respect, we
encourage further study from different fields — from cultural to judicial — to expand

our understanding of the subject.
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1 Introduction

The path toward a sustainable, low-carbon economy depends critically on the
development of green talents. It entails arming people and companies with the
knowledge, resources, and skills required to promote environmentally responsible
behavior, encourage innovation, and slow down global warming (OECD Cedefop,
2014). Reaching this shift, however, calls for group efforts among several
stakeholders—including the government, the business sector, awareness campaigns,
data-sharing systems, technological application and innovation. Though their
activities are often intertwined and create a complicated ecosystem of cooperation
and competition, each of these stakeholders has a vital role to contribute to promote
green skills (Peloza & Falkenberg, 2009).

Here, game theory offers a helpful analytical framework for comprehending the
strategic interactions among these parties (Pérez-Cirera, 2010). Modeling how these
individuals could behave when their individual payoffs are affected by the actions of
others. Game theory—a subfield of mathematics that investigates decision-making
in circumstances when outcomes depend on the decisions of several agents. It helps
applying game theory to green skills development allows us to investigate how
various stakeholders might cooperate or free-ride on one othet's investments in

green projects as well as what systems might support best collaboration.
2 Literature review
How does green skills impact by Government (G) initiatives

Government programs play a crucial role in developing green skills, particularly in
developing economies. These programs include green production incentives,
environmental sustainability policies, and investments in education that aim to align
the workforce's skills with the needs of a green economy. The impact of these
programs in addressing the green skills gap continues to be a key research focus. In
the Thailand context, the national skill-formation and education system has
struggled to produce industry-ready employees with green skills. Napathorn (2022)
highlights that universities and vocational colleges are unable to provide students
with the appropriate green skills, leading to a shortage of skilled workers. To mitigate

this, companies often rely on internal green human resource management (GHRM)
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practices, such as on-the-job training and mentorship programs. While these internal
initiatives help address the skill gaps, government intervention is essential to

integrate green skills into national cutricula and training schemes.

Governments can also create industry-academia partnerships. Napathorn (2022)
proposes that additional university-industry partnerships would enable additional
green knowledge transfer, less dependent on in-company training programs.
Agrawal et al. (2023) also posit that government-funded training programs and
public-private partnerships can enhance knowledge transfer and employee skill
building.

In spite of these interventions, evidence reveals that government interventions are
not necessarily enough to trigger mass green skills uptake. Agrawal et al. (2023)
identified that government policies create the platform for green practices but have
little direct impact in encouraging green skills unless complemented by social
awareness campaigns. This suggests that government interventions are successful if
they are accompanied by mass involvement in the wider society and education

campaigns.

Additionally, other businesses are not ready to embrace green practice because of
profitability issues. Agrawal et al. (2023) observe that while some businesses utilize
green certification to increase brand value, other businesses consider the investments
in sustainability as expensive and are not ready to embrace green technologies unless
they are driven by stricter regulations or economic incentives. Governments should,
therefore, supplement green skills policy with economic incentives like tax relief and

subsidies to motivate businesses to embrace green technologies.
Private Sector Contribution to Green Skills Development

The private sector also has an important role to play in promoting green skills
through embedding business strategy and sustainability objectives. Firms have a role
to play in enhancing green skills via green human resource management (GHRM),
investment in low-carbon technologies, and collaborative arrangements with
academic institutions. Effectiveness of the contribution of the private sector is
reliant on regulatory systems, fiscal policy incentives, and organizational dedication

to sustainability.
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Companies increasingly understand that they need to invest in green skills to remain
competitive in the changing economy. Napathorn (2022) points out that in Thailand,
companies have no choice but to create green skills internally since the national
education system is incapable of producing graduates ready for industries. This
investment is typically in the form of on-the-job training, mentorship schemes, and
partnerships with universities to incorporate sustainability into curricula. Vaquero et
al. (2021) also highlight that private sector investments in upskilling workers are
essential to improve adaptability to green job standards and to overall economic

resilience.

Aside from training, green innovations in the private sector have a critical influence
on workforce skill development. The European Green Deal, for example,
emphasizes that job creation and specialized green skills are stimulated by private
investments in renewable energy, sustainable mobility, and waste prevention. In
Spain, businesses have used EU recovery funds to adopt green strategies that
reconcile profitability with environmental sustainability, developing a skilled
workforce in clean energy and circular economies (Vaquero et al., 2021). There are
various challenges that prevent the private sector from scaling green skills
development. Vaquero et al. (2021) identify that there are companies that resist green
training investments because they have cost concerns as well as uncertainty about
the benefits. Furthermore, companies' announced sustainability pledges and actual
workplace transformation, there can be a large gap because most green activities
tend to be compliance-driven rather than development-oriented. To overcome these
issues, increased public-private partnerships and specific incentives must be applied

to persuade companies to focus on green skills development.
Effect of Awareness Campaigns on Green Competency Development

Public awareness campaigns are important for developing green competency
because they enhance ecological awareness, behavior, and drive people towards
adopting sustainable practices. Empirical evidence confirms the notion that
awareness campaigns, if complemented by education and training, increase green
motivation and ability, which, in turn, contributes to enhanced environmental

performance.
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Awareness campaigns like environmental education, outreach to communities, and
media communication, enable individuals to understand the significance of
sustainability and gain key green skills. Yafi et al. (2021) discovered that awareness-
based training programs significantly improve the attitudes, knowledge, and skills of
workers concerning sustainable practices. Also, propetly structured awareness
activities trigger spontaneous green actions, like conserving energy and reducing

waste.

Green human resource management (GHRM) also incorporates environmental
consciousness into organizational training, enhancing green competencies among
workers. Yafi et al. (2021) added that individuals who are more environmentally
aware are more likely to adopt sustainable workplace behavior. This is why
awareness campaigns are important in bridging the knowledge-action gap when it

comes to green skills.

Despite their promise, awareness campaigns simply can't drive short-term awareness
into long-lasting green behaviors. Yafi et al. (2021) observes that although awareness
campaigns may arouse preliminary interest, long-term behavioral change is made
possible through training and reward mechanisms. Moreover, socioeconomic status,
cultural orientations, and exposure to green education can determine the success of

these campaigns in supporting green skill acquisition.
Effect of Data Sharing Platforms on Green Skills Development

Data-sharing platforms between governments and enterprises are central to
promoting green skills development. Through the sharing of sustainability-related
data, these platforms assist in upskilling workers, enforcing policies, and influencing

technology development in the green sector.

Decision-making based on data is increasingly becoming vital in the green economy.
Vaquero et al. (2021) highlight that data-sharing platforms between private
organizations and government institutions facilitate the development of
sophisticated green skills through the real-time access to such crucial metrics as
energy efficiency indicators, carbon footprint, and regulatory compliance trends.
Such online platforms also enable firms to coordinate their employees' training

programs with changing sustainability standards.
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In addition, data-sharing activities provide significant data insights on trends in the
labor market and greener job prospects. In accord with OECD (2021), data-driven
analytics facilitate mapping out the skills demand, thus equipping education and
training institutions with the capacity to create programs oriented toward the
adaptive needs of environmentally friendly industries. Through data sharing, the
provision guarantees workers learn appropriate skills for inclusion in green

businesses that are more environmentally friendly.

Though beneficial, data-sharing platforms are confronted with a number of
challenges in promoting green skills development efficiently. Vaquero et al. (2021)
observe that challenges like weak data governance, fragmentation, security threats,
and interoperability among systems hamper the efficiency of the platforms.
Moreover, firms will be reluctant to exchange proprietary sustainability information
owing to competitive issues, which can impair the efficiency of data-exchange

programs in creating green skills.
Effect of Technology Adoption and Innovation on Green Skills Development

Innovation and technology are central to the development of green skills in that they
change the demands on the workforce, generate new employment opportunities,
and lead to the shift to a sustainable economy. With the development of new green
technologies, staff have to develop new competencies, technical skills, and problem-

solving skills to meet the challenges of environmental sustainability.

Green technologies, including renewable energy, energy-efficient systems, and smart
automation, are changing industries at a fast rate. Nikolajenko al. (2021) point out
that transitioning to a greener economy hinge on getting the workforce ready with
high-level green skills corresponding to these technological developments. They
point out that new green industries need employees with technical, mechanical, and

IT-related skills to enable sustainability-oriented sectors.

The International Labour Organization in 2018 estimates that green technological
shifts may generate almost 24 million jobs worldwide and displace 6 million jobs in
carbon-emitting sectors. This transition highlights the urgency to reskill and upskill
employees to remain employable in changing green industries (ILO, 2018).
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In spite of the increasing need for green skills, a number of challenges hamper their
universal application. Viederyté et al. (2021) observe that new graduates lack the
technical competencies necessary for green occupations, especially in areas like
renewable energy, sustainable building, and environmental management. In addition,
most organizations are unable to integrate green technology training into current
workforce development programs because of financial limitations and a lack of

institutional support.
3 Results

Green skills framework with multiplayers. In this framework, the model a strategic game
involving five players: 1. government («x1)i; 2. private sector (x2)i; 3. awareness
initiatives (a3)i; 4. data sharing platforms (a4)i; 5. technology usage & innovation
(«5)i. Each player has the option to choose between two strategies:

- High push-initiatives (H): Invest in high green skills aggressively
-~ Low push-initiatives (L)): Low interest in green skills

Strategy mechanism. Each player selects its strategy based on high-low mechanism.
Therefore, each player [(«1)(H1,L1), («2)(H2,L2), («3)(H3,L3), («4)(H4,L4),
(«5)(H5,L5)]. The collective strategy will be written as, S= (a1+o2+a3+a4+ab).
Payoff Functions. Each player’s payoff depends on several factors:

- Economic outcomes thus the gains achieved from the investment in green
skills Ei (S)

—  Costs appear be to the expenses incurred for implementing green initiatives
Ci(S)

- External factors are the positive or negative spillover effects that occur due

to the strategies chosen by others thus (any player) EFi (S)

The payoff function can be written as follow for the each player, Ui = Ei (§) - Ci(S)+
EFi (S). Where: Ei (S) is the economic benefits for player («1.....a5), which increases
when more players choose H due to positive network effects (i.e., the more players
invest in green skills, the greater the overall benefit). Ci(S) is the costs incurred by
player («1.....#5),, which are typically higher when H is chosen because
implementing green skills is costly. EFi (S)is the externality or spillover effect from
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other players’ actions. For example, if the government invests in green policies, the
private sector might benefit without direct cost (positive externality). In Table 1.
shows the Payoff Matrix.

Table 1: Payoff Matrix

Player
(Government — Private sector)
High push-initiatives (H)
Low push-initiatives (L)

Source: own editing

High push-initiatives (H) Low push-initiatives (L)

(Max, Max) (Min, Max)
(Max, Min) (Min, Min)

Where Max =1 ... infinity and Min = -1 ..., 0. (Max, Max) means that both the
government and private sector invest in green skills. They both benefit equally, thus
representing the maximum benefit when both cooperate. (Min, Max) is when the
government invests, but the private sector free-rides (does not invest). The
government incurs costs, while the private sector benefits from the government’s
investment. (Max, Min) means that the private sector invests, but the government
free-rides. The private sector incurs costs, while the government benefits from the
private sector’s actions. (Min, Min) is when neither the government nor the private
sector invests in green skills, leading to no benefits for either, and stagnation in green

skills development.

Application of game theory. Considering the fact, several game theory models fit this

framework to examine possible results and strategic interactions.
Prisoner’s Dilemma:

A. Dominant Strategy: Low Effort (L)(Min). Players may choose the strategy
that reduces their expenses (i.e., free-riding), thereby under investing in
green talents, based on the payoff matrix.

B. The Nash Equilibrium happens at (L, L)(Min,Min) where both participants
free-ride. Still, this is less than ideal since it results in stagnation in the
evolution of green talents.

C. The socially ideal outcome is (H, H)(Max,Max), in which both participants
invest to maximize the group payback.

D. Optimal Soluition: To get the best result, rules, incentives, or subsidies

could be required to guarantee cooperation.
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Public Goods Game:

Green skills and talents are a public benefit; and considering the fact free-riding is a
risk. Role of Government: Subsidies (Gs) offered by the government can help the
private sector to commit in green technologies. The payback for the private sector,
for instance, might be changed as: Ui = Ei (S) - Ci(S)+ (Gs).

Evolutionary game:

Strategies and Techniques may change with time in long run. Early adoption that is,
governments or businesses may inspire other participants to follow their approaches
and move to High Effort (H) if they find great advantages from funding green
technologies. Furthermore, because of positive externalities and economic growth,
players that adopt High Effort (H) could gain more over time, hence promoting the
dissemination of high-effort techniques.

4 Conclusions

The game theory framework for green skills development considers strategic
interactions between key players (government, private sector, awareness initiatives,
data sharing platforms, and technology usage). Based on the outcomes we have to
take into account the following to reach best cooperation in the development of
green skills. Taxes or penalties for participants who do not contribute — that is,
companies not using green technologies — are known as penalty for free-riding.
Government subsidies to change incentives will help to attract private sector and
other actors to invest in green skills. Public-private partnerships allow the public and
private sectors to help lower individual expenses and risks, thereby facilitating the
investment in green talents. Platforms for data sharing and technology transfer help
to lower adoption obstacles and optimize the network impacts of environmental
projects. Government initiatives are critical to the development of green skills, with
their impact stemming from policies that promote sustainable practices, educational
reforms, and industry-academia collaborations. However, the success of these
initiatives relies on effective implementation, alignment with industry needs, and

collaboration with businesses.
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The private sector is an important source of green skill development through green
technology investments, training programs, and partnerships with learning
institutions. Nevertheless, in order to have maximum impact, corporations need to
shift beyond the stage of mere compliance and infuse long-term green skill initiatives
into their day-to-day operations. Future research could investigate firm-level bartiers
to the adoption of green skills and the efficiency of incentive schemes as a means to
encouraging private sector investment in sustainable training. Awareness campaigns
play a crucial role in promoting the development of green skills through motivation,
knowledge, and behavior. Yet, to enhance their effectiveness, awareness campaigns
must be supported by formal training programs and organizational support systems.
Future studies must investigate the long-term impacts of awareness campaigns on

green workforce development in different industries.

Green skills development can be expedited through data-sharing platforms between
the business and government by providing greater accessibility to key sustainability
data and correlating workforce training with industry demands. To maximize their
effectiveness, however, stakeholders need to confront data governance, privacy, and
industry collaboration issues. Future research should be targeted at the long-term
success of these platforms in green labor market formation and creation of a
sustainable economy. Technology adoption and innovation are critical drivers of
green skills creation by creating new sectoral demands and job opportunities for
sustainable industries. Nonetheless, a seamless transition involves sector-specific
training programs, robust industry-academic collaboration, and policy-friendly
frameworks. Future studies must aim to assess the potency of technology-driven

green training programs in imparting future-tight skills to workers.
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1 Introduction

The promotion of energy-conscious behavior has become a critical imperative in the
context of accelerating climate change and increasing energy system vulnerabilities.
Although modifying deeply ingrained consumer habits presents considerable
challenges, it is essential for achieving long-term sustainability. Effective, accessible
communication and education are instrumental in guiding individuals through the
complexities of energy use (Hassan et al., 2009). The depletion of fossil fuels, rising
greenhouse gas emissions, geopolitical tensions, and volatile energy prices have
exposed the fragility of energy infrastructures—conditions that have proven
especially acute in Hungary. These developments have rendered previous
consumption patterns economically and environmentally unsustainable, particulatly
for socioeconomically disadvantaged populations. Despite the growing body of
literature on sustainable consumption, empirical research remains limited regarding
how sudden crises reshape consumer attitudes in Central and Eastern Europe. This
study addresses this gap by examining both internal and external motivators of
energy-conscious behavior, focusing not only on financial incentives but also on
personal responsibility, environmental values, and social influences—and their
dynamic interplay. Notably, while this research highlights key drivers of behavior
change, it does not extend to the underlying psychological mechanisms, such as
emotional responses or cognitive biases, which merit further investigation in future

studies.
2 Literature review

Hungarian society is facing pressing challenges shaped by global developments, with
climate change, energy production and consumption issues, and energy market
instability threatening the sustainability of current economic systems and social
behaviors (Kovacs et al., 2022). Energy awareness and conservation have become
increasingly important not only environmentally but also economically and socially.
The adoption of energy-efficient and innovative technologies offers substantial
savings for households and businesses, enhances energy security, reduces import
dependency, and stabilizes energy prices. Ironically, the recent energy crisis may
accelerate the shift towards renewables. Similar to the 1970s oil crisis, the 2021

energy crisis has spurred research into alternative energy, underlining the urgency of
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diversification (Gajdzik et al., 2023). The crisis has also shifted consumer attitudes,
with more individuals viewing renewables as essential to the future. This study
investigates how the crisis has positively influenced energy awareness and consumer
behavior (Gardan et al., 2023). A growing segment of the population has embraced
energy-efficient practices, recognizing the need to adjust consumption habits.
Fundamental knowledge about energy and renewables is key to fostering an energy-
conscious mindset (Meyer et al, 2021). Without reliable information,
misinformation may prevail, resulting in apathy or rejection. Energy consciousness
is shaped by psychological, sociological, economic, and environmental factors
(Mansor et al., 2019) and is mainly achieved by modifying energy-inefficient habits.
While sustainability and environmental issues have gained attention, early campaigns
had limited influence on personal responsibility. For years, energy was seen merely
as a basic necessity. Only after a prolonged process did individuals begin to value
energy, adopt responsible consumption, and embrace new behaviors. The energy
crisis has further motivated this shift, with socio-economic status, lifestyle, housing
conditions, and energy knowledge all affecting how households respond (Slupik et
al., 2021; Zhao et al., 2019). Energy awareness fosters conservation, as informed
consumers can substantially reduce their usage and influence others (Gadenne et al.,
2011). Despite information availability, Hungarian energy awareness remains low,
with just 12.5% perceiving the population as energy-conscious. Regional disparities
persist, shaped by education, living standards, and socio-economic status (Szakaly et
al., 2021; Aldotfai et al. 2022). Although some behavior changes have occurred,
further willingness to act is crucial for fostering sustainable consumption (Wall et al.,
2021).

3 Methodology

This study aimed to examine how the energy crisis has shaped Hungarian consumers'
attitudes toward renewable energy, focusing on public perceptions, prior knowledge,
levels of awareness, and both internal and external motivations influencing
purchasing decisions. Data were collected via an online questionnaire administered
through the Surveyplanet platform, structured around four key areas: knowledge of
renewable energy, attitudes and preconceptions, user experiences and influencing
factors, and demographic background. A stratified random sampling method
ensured geographic, age, and gender diversity. The final sample consisted of 400
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valid responses, with 54.8% identifying as female and 45.2% as male. Respondents'
age distribution was: 18-25 years (6%), 2635 (18.9%), 3645 (26.3%), 4655 (30%),
56-65 (8.3%), and above 65 (4.1%). Most participants (72.8%) were from Budapest

or Pest County, while 27.2% represented rural areas across Hungary.
4 Results

The energy crisis and its effects, such as rhapsodically fluctuating prices, have
disrupted the daily operations of all energy stakeholders. Therefore, it was deemed
essential to examine how participants perceive the impact of the energy crisis as an
external event on their interest in and openness towards renewable energy.
Moreover, this study aims to determine whether the energy crisis can be considered
an influencing factor in the willingness to adopt renewable energy sources, changes

in consumer behavior, and the dissemination of an energy-conscious mindset.

- Consumer openness: A significant proportion of respondents perceive a
growing openness among consumers toward renewable energy solutions.
Specifically, 18.7% indicated that the ongoing energy crisis has increased public
interest in renewables, whereas only 4.8% believe the crisis has had minimal
impact on attitudes. Despite the expanding visibility of environmental
movements, the data suggest that environmental protection has not yet
achieved widespread behavioral engagement among the general population.
Economic factors appear to be a more immediate driver of behavioral change.
Approximately 70% of participants reported that rising energy prices prompted
them to modify their consumption habits, while 24.4% indicated no notable
change in response to these pressures. Furthermore, the dissemination of
energy-saving recommendations by utility providers appeats to be gaining
traction. Respondents demonstrated a heightened receptiveness to such
guidance, suggesting a shift from passive awareness toward active information-

seeking behavior in relation to energy efficiency.

- Internal and external consumer motivations: Beyond the quantitative
aspects of energy consumption, consumer behavior has shifted significantly in
response to technological change, including the rise of online shopping. These

developments have shaped new attitudes, motivations, and risk perceptions.
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External factors—such as the Russian-Ukrainian war and the ongoing climate
crisis—have intensified public awareness of energy issues, prompting both
policy and individual-level reassessment (Rausser et al., 2023). Understanding
energy awareness requires examining both internal and external drivers: internal
factors include beliefs, habits, and environmental values, while external ones
encompass financial pressure and geopolitical instability. This study’s findings
highlight financial considerations as the primary motivator for adopting
renewables—26.8% cited cost reduction, 24.4% rising prices, and 23.2%
environmental concerns. Additionally, 13.4% sought energy independence, and
6.1% referred directly to the energy crisis. These results point to a complex
interaction between economic reasoning and normative commitments. While
cost-efficiency continues to dominate, the growing importance of
environmental values suggests the emergence of intrinsic, responsibility-driven
motivations. Together, these internal and external factors are fostering a
measurable increase in energy-conscious consumer behavior (Smith et al.,
2021).

- Motivational factors behind energy awareness: The findings of the study
reveal a multifaceted set of internal and external factors influencing Hungarian
consumers’ energy-related decisions and attitudes toward renewable energy
adoption. Among the most salient external motivators were financial
considerations—teported by 26.8% of respondents—as well as the broader
economic impact of rising energy prices. Internally, environmental awareness
and normative commitments to sustainability emerged as key drivers.
Additionally, motivations such as the pursuit of energy independence and the
influence of the ongoing energy crisis were identified as significant contributing
factors, reflecting the complexity of behavioral responses under conditions of

uncertainty.

- Financial considerations: The data indicate a pronounced sensitivity among
Hungarian consumers to fluctuations in energy prices, with many expressing a
strong preference for financial predictability and security. In the wake of the
energy crisis, a distinctly financially conscious consumer segment has
emerged—characterized by proactive risk mitigation and long-term planning.

For 13.8% of respondents, the adoption of renewable energy technologies is
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perceived as a pathway to self-sufficiency and a buffer against future price
volatility. However, this group tends to evaluate such investments through a
pragmatic lens, emphasizing the importance of a clear and timely return on
investment. Their motivation is closely tied to measurable utility savings that

can be redirected toward other household expenditures.

Rising energy prices: The energy crisis elicited a range of behavioral
responses among consumers, shaped primarily by individual financial
circumstances and varying levels of energy awareness (Azizi et al., 2019). This
heterogeneity underscores the need to consider socio-economic segmentation

when assessing consumer adaptation strategies:

1. Price-sensitive consumers: Many households rapidly implemented

energy-saving measures, leading to a significant decrease in overall energy
consumption. In certain cases, this entailed substantial adjustments to daily
routines and lifestyle patterns (Azizi et al, 2019). When economic
conditions allowed, some consumers further responded by investing in
renewable energy technologies or energy-efficient systems as a means of

long-term adaptation.

2. Energy-poor regions: In response to energy constraints, households in

less affluent regions significantly reduced their energy consumption. Where
feasible, they supplemented this reduction by increasing their reliance on

fossil fuel-based sources to meet essential energy needs (Vagany et al., 2024).

3. Information-seekking or educated consumers: This group actively

pursued information on conservation methods, aligning their energy use
with financial constraints and implementing diverse strategies to optimize

consumption.

4. Hedonistic consumers: Uninfluenced by rising energy costs, this group

maintained their usual consumption patterns and comfort levels without

making any adjustments to their energy use (Trzesiok et al., 2019).

Environmental awareness and energy crisis: Even prior to the energy crisis,
certain consumers were committed to environmental protection, reducing their
ecological footprint, and securing a sustainable future for their children (Jaciow
et al.,, 2022; Radéacsi & Szigeti, 2024). Some had already adopted renewable
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energy technologies as a proactive measure against climate change,
demonstrating both informational engagement and a willingness to invest in
green solutions (Ul-Mulk et al., 2018). The crisis further accelerated this shift,
enhancing interest in energy independence. According to the data, 12.6% of
respondents were directly motivated by the crisis to consider renewables, 18.4%
perceived a broader societal shift, and 64.1% held a positive view of public
receptiveness. Financial savings often served as a basis for further sustainable
investments (Farghali et al., 2023).

- Responsibility: Survey findings reveal that respondents view energy-conscious
behavior as a collective responsibility, indicating strong public awareness and
accountability. While the state is seen as primarily responsible—particulatly in
advancing renewable energy—energy providers are also expected to support
sustainable practices. Individuals with a heightened personal sense of
responsibility are more likely to engage in conscious consumption and expect
similar efforts from institutional actors, especially in light of the ongoing
reliance on fossil fuels (Kollmuss et al., 2002; Imre et al., 2019; Szeberényi et
al., 2022).

- Consumer energy awareness and practices: While some consumers were
already energy-conscious, the energy crisis marked a significant shift,
prompting broader recognition of the unsustainability of prevailing
consumption habits. Survey data show that 54.6% view the transition to
renewables as essential, with respondents rating their energy awareness at an
average of 0.65 out of 10. Only 1% reported no engagement in energy-
conscious practices. This awareness is evident in behavior: 28.6% use energy-
efficient appliances, 32.7% actively track and reduce consumption, and 9.2%

utilize renewable energy sources.

— The role of Artificial Intelligence: Artificial intelligence (Al) plays an
increasingly pivotal role in promoting energy-conscious behavior. Through
smart meters, automation, and tailored recommendations, Al enables
households to monitor and optimize consumption (lorgovan, 2024). It also
assists in evaluating renewable investments and identifying cost-effective

solutions. On a systemic level, Al supports predictive energy management,
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enhancing grid efficiency and reducing both costs and environmental impact.
By providing data-driven insights, Al fosters deeper energy awareness and
sustainable decision-making.
5 Conclusions

The findings of this study confirm that the recent energy crisis has acted as a
significant external catalyst in reshaping Hungarian consumer attitudes toward
energy use and renewables. Although financial considerations remain the dominant
driver of behavioral change, a parallel shift is emerging toward intrinsic motivations
such as environmental concern and personal responsibility. This indicates the
development of a more complex and layered understanding of energy awareness
among consumers. Importantly, the study highlights the role of both internal (e.g.,
normative values, sustainability awareness) and external (e.g., rising costs, policy
signals) motivators, and their interdependence in shaping energy-related behavior.
The segmentation of consumer types—ranging from price-sensitive to
environmentally committed—underscores the need for differentiated policy and
communication strategies. While current energy awareness is largely limited to
consumption reduction, it provides a solid foundation for cultivating broader, long-
term behavioral change. The findings suggest that enhanced education, tailored
information, and digital tools—particularly Al-driven solutions—can play a key role
in expanding awareness and fostering active engagement. Although the study offers
valuable empirical insights, it does not explore the deeper psychological drivers of
energy behavior. Future research should investigate cognitive and affective
mechanisms to provide a more comprehensive model of energy-conscious decision-

making,
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that Al-enhanced blockchain technologies play an essential role
in advancing sustainability in digital finance. This study provides
guidance for regulators, developers, and investors aiming to align
blockchain innovation with green technology principles and
responsible market practices.
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1 Introduction

The integration of blockchain technology and artificial intelligence (Al) is driving
innovation in the digital economy by creating systems that are not only decentralized
but also more sustainable. Al-powered cryptocurrencies enable the automation of
complex data processes, improve energy efficiency, and support decentralized data
marketplaces. These capabilities make them viable alternatives to traditional
centralized digital infrastructures, which are often associated with high energy
consumption and inefficiency (Kapitonov et al., 2022). Proof-of-Work (PoW)-based
cryptocurrencies, such as Bitcoin, have raised serious environmental concerns due
to their excessive electricity usage and carbon footprint (Jones et al.,, 2024). In
contrast, emerging Al-supported blockchain solutions leverage alternative
consensus mechanisms and intelligent resource allocation to reduce these negative
impacts. Projects such as Ocean Protocol and Fetch.ai have shown that
decentralized systems powered by Al can enhance computational efficiency and data
processing, while also contributing to environmental goals (Aslam et al., 2023). The
aim of this study is to explore how Al contributes to the sustainability of blockchain
ecosystems, with a focus on improving energy efficiency, optimizing data flow, and
supporting compliance with Environmental, Social, and Governance (ESG)
standards. The paper positions these technologies within the broader context of
sustainable digital transformation (Kumar & Tripathi, 2024).

2 Theoretical background

Blockchain technology relies on decentralized, distributed databases that ensure
secure and transparent digital transactions without the need for centralized
intermediaries (Nakamoto, 2008). Its cryptographic consensus mechanisms and
immutable ledger structure have made it a key innovation in digital trust systems.
However, despite these advantages, blockchain—particularly systems operating on
Proof-of-Work (PoW) algorithms like Bitcoin—has been widely criticized for its
excessive energy demands, as the validation process requires vast amounts of
computational power and electricity (Sedlmeir et al., 2020; Sallay & Csiszarik-Kocsir,
2024). While alternative consensus models such as Proof-of-Stake (PoS) have
emerged to reduce energy use, they do not fully resolve the broader challenges of
sustainable computation, especially as blockchain applications expand beyond

finance into areas such as logistics, health care, and smart infrastructure
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(Cheikosman & Mulligan, 2023). In this context, recent theoretical and applied
developments suggest that artificial intelligence (Al) offers a promising avenue for
improving the environmental and operational efficiency of blockchain systems. Al
technologies can optimize consensus protocols, predict and allocate computational
loads more efficiently, and dynamically manage energy distribution across nodes,
thus reducing system-wide consumption. In particular, Al can be used to enhance
real-time decision-making in decentralized applications and to facilitate self-
adjusting system behavior, allowing blockchain networks to adapt to changing
environmental or operational conditions (Xiong et al., 2023). Examples such as
Ocean Protocol and Fetch.ai illustrate how decentralized Al-powered data
marketplaces reduce duplication, lower storage and transmission needs, and support
efficient machine-to-machine communication (CoinMarketCap, 2024). Render
Network, by distributing GPU power through a decentralized architecture, enhances
rendering efficiency and minimizes energy waste in Al-intensive tasks. The potential
of such integrations is increasingly supported by regulatory developments.
Frameworks like the European Union’s Markets in Crypto-Assets (MiCA) regulation
mandate ESG-related disclosures and encourage the adoption of sustainable
technologies, pushing blockchain development toward more transparent and
accountable operational models (European Union, 2023). The convergence of Al
and blockchain is therefore not only technologically feasible but increasingly
necessary to align innovation with environmental, regulatory, and societal

expectations.
3 Methodology

This study investigates how the integration of artificial intelligence (Al) enhances the
sustainability of blockchain-based financial systems. The research methodology is
based on a structured combination of qualitative and quantitative approaches,
including a systematic literature review, statistical analysis of market data, and energy

efficiency comparisons.

First, a structured literature review was conducted using academic databases such as
Scopus, Web of Science, IEEE Xplore, and ScienceDirect. We applied a keyword-
driven search strategy using terms like “Al-powered cryptocurrencies,” “blockchain
sustainability,” and “ESG compliance,” focusing on peer-reviewed English-language
articles published between 2018 and early 2024. Based on predefined inclusion
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criteria, 41 relevant publications were selected and analyzed for their conceptual and
empirical contributions to the integration of Al and blockchain in sustainable digital

finance.

Second, we analyzed market data for 18 Al-related cryptocurrencies, selected from
CoinMarketCap and CoinGecko under the “Al & Big Data” category. The dataset
spanned January 2021 to March 2024 and included daily metrics such as market
capitalization, trading volume, and token price. These data were processed in
Microsoft Excel using descriptive statistical methods to identify trends in asset

growth and sustainability-oriented investor behavior.

Third, energy consumption was assessed by comparing blockchain consensus
protocols using data from the Cambridge Bitcoin Electricity Consumption Index
(CBECI, 2024). The environmental performance of Al-supported platforms such as
Ocean Protocol and Render Network was evaluated based on public whitepapers,
ESG reports, and third-party energy audits. Additionally, seven institutional reports
from global organizations including the IMF and the World Economic Forum were
reviewed to contextualize the findings within current ESG and regulatory

developments in digital technologies.
4 Results

Empirical observations and market statistics confirm that the integration of artificial
intelligence (AI) into blockchain technology has significantly enhanced the
sustainability profile of several cryptocurrencies. The development of Al-based
cryptocurrencies has accelerated rapidly, especially between 2021 and 2024.
According to data from CoinMarketCap (2024) and CoinGecko (2024), the total
market capitalization of selected Al-related crypto assets increased from
approximately USD 2.7 billion in early 2021 to over USD 39 billion in early 2024.
This remarkable growth—more than a 14-fold increase—is visualized in Figure 1,

which illustrates the expanding role of Al in blockchain ecosystems.
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Figure 1: Growth of Al-based Cryptocurrencies Market Cap (2021-2024)
Source: Own edited figure based on data from CoinMarketCap and CoinGecko (2024)

Prominent Al tokens such as Render Token (RNDR) and Fetch.ai (FET)
experienced price gains between 200% and 600% during the same period
(CoinDesk, 2024). These trends reflect not only the technological appeal of Al
integration but also the growing investor demand for blockchain solutions with

sustainability-oriented value propositions.

Regarding energy efficiency, the adoption of decentralized, Al-enhanced blockchain
platforms has resulted in measurable improvements. Based on data from the
Cambridge Bitcoin Electricity Consumption Index (CBECI, 2024), such platforms
consume between 25% and 40% less electricity compared to centralized data centers
performing similar computational tasks. For instance, Ocean Protocol’s
decentralized data marketplaces reduce energy usage by up to 30% by minimizing
redundant processing and enabling more efficient resource allocation (Xu et al.,
2024; Kapitonov et al., 2022). Similarly, Render Network enhances energy efficiency
through decentralized GPU resource sharing, further reducing overall consumption.

The potential of these technologies is further reinforced by evolving regulatory
requirements. The European Union’s Markets in Crypto-Assets (MiCA) regulation,

effective from 2024, mandates ESG metric disclosures from cryptocurrency service
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providers. This has led to increased publication of sustainability reports by platforms
like Ocean Protocol and Fetch.ai, which helps improve transparency and build trust
among investors (European Union, 2023; Kumar & Tripathi, 2024).

Broader institutional perspectives also support these findings. Reports from the
International Monetary Fund (IMF, 2024) and the World Economic Forum (2023)
emphasize the role of Al-embedded blockchain networks in achieving ESG
objectives and long-term regulatory alignment. The World Economic Forum, in
particular, highlights how Al-based decentralization enhances transparency and

facilitates public acceptance of blockchain innovations.
5 Discussion

The findings of this study support the hypothesis that the integration of artificial
intelligence (AI) into blockchain systems contributes meaningfully to the
sustainability of cryptocurrency technologies. The substantial increase in the market
capitalization of Al-based tokens and the growing interest in ESG-aligned financial
assets indicate that market participants increasingly prioritize energy-efficient and
socially responsible solutions (Peschko & Zolitz, 2025; Kumar & Tripathi, 2024).
This trend highlights the strategic importance of embedding sustainability into the
design and operation of decentralized financial infrastructures. Projects such as
Ocean Protocol, Fetch.ai, and Render Network illustrate the practical advantages of
combining Al with blockchain, particulatly in terms of improving computational
efficiency, minimizing redundant processing, and optimizing the use of distributed
resources (Aslam et al., 2023; Xu et al., 2024). These systems significantly reduce
energy consumption and carbon emissions when compared to traditional centralized
infrastructures, and thus play a leading role in the shift towards green digital
ecosystems (Farkas & Kucséber, 2021).

It is essential to recognize, however, that the application of Al technologies within
blockchain ecosystems is not without limitations. Although Al significantly
contributes to decision-making efficiency and the optimization of resource
allocation, its deployment—particularly in machine learning and high-performance
computing contexts—requires substantial computational power, which may result
in increased energy consumption if not carefully managed. As highlighted in prior

studies, the sustainability benefits of Al integration are contingent not only upon its
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functionality but also upon the conditions of its implementation. These benefits are
maximized when decentralized infrastructures are combined with energy-aware
algorithmic design and hardware configurations that prioritize computational
efficiency (Kapitonov et al., 2022). Absent such considerations, the introduction of

Al may paradoxically exacerbate environmental burdens instead of mitigating them.

At the same time, regulatory developments—most notably the EU’s Markets in
Crypto-Assets (MiCA) framework—are pushing cryptocurrency developers toward
greater transparency and ESG compliance. This evolving regulatory environment
presents both opportunities and constraints: it fosters innovation in reporting and
energy monitoring, while also raising the bar for compliance and operational
standards. The success of Al-powered blockchain platforms will largely depend on
their ability to demonstrate measurable sustainability impacts, adapt to regulatory
requirements, and maintain technological relevance in an increasingly ESG-focused

digital economy (European Union, 2023; Kumar & Tripathi, 2024).
6 Conclusions

This study investigated the extent to which the integration of artificial intelligence
(AJ) into blockchain technologies can support the development of more sustainable
cryptocurrency systems. The analysis confirms that Al-powered blockchain
solutions offer measurable benefits in terms of environmental sustainability,
particularly through reduced energy consumption, improved resource allocation,
and support for compliance with Environmental, Social, and Governance (ESG)
frameworks. The substantial growth in the market capitalization of Al-related
cryptocurrencies—rising from approximately USD 2.7 billion in early 2021 to over
USD 39 billion in 2024—indicates that investors increasingly value platforms that
combine technological innovation with sustainability objectives (CoinGecko, 2024;
CoinMarketCap, 2024). Moreover, decentralized infrastructures that incorporate Al
have demonstrated up to 35% greater energy efficiency than their centralized
counterparts, resulting in lower overall electricity usage and a reduced environmental
footprint (Kapitonov et al., 2022). These developments are closely aligned with
regulatory trends, such as the European Union’s MiCA regulation, which mandates
ESG disclosures for crypto service providers and encourages the adoption of
greener practices across the industry (European Union, 2023; Kumar & Tripathi,
2024). In light of these findings, it can be concluded that Al-supported blockchain
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systems have the potential to play a key role in the transition to a more sustainable
digital economy. Their continued advancement may not only contribute to climate
goals and energy reduction efforts but also provide new opportunities for regulatory
alighment, economic value creation, and technological competitiveness in a rapidly

evolving global financial landscape.
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1 Introduction

Artificial intelligence is playing an increasingly important role in various industries,
including critical steps for efficient operation of companies, or the defence systems
of solar power plants (Pap et al., 2024). Due to their technology, solar power plants
are located in areas that require increased security attention. The majority of these
areas are located in so-called brown zones on the edge of residential areas. The
surroundings of solar panels located on the edge of residential areas are typically very
busy, with little pedestrian or vehicular traffic. And solar arrays on the outskirts are
located in outlying areas where the barren environment poses a safety risk. There is
no movement of people, goods or people during the operation of the solar power
plants, except for maintenance, and therefore they are not subject to vigorous
protection. In this situation, intrusion detection and monitoring systems supported
by artificial intelligence play a key role. Al-based surveillance systems can
autonomously detect suspicious movements, analyse their behavioural patterns and
reduce false alarms. Al-powered systems support decision making by processing
data in real time, allowing the centre to respond to alerts faster and more efficiently
(Fogarasi & Kovacs, 2020).

2 Operation and main elements of solar power plants
2.1 Operating principle

Solar PV systems with an electrical capacity of over 500 kVA are classified as solar
PV power plants. The solar panels produce direct current (DC) from sunlight, which
is first converted into alternating current (AC) by inverters in the strings. The string
collection stations and the transformers at the node then "step up" and "feed in" the
current, which is already 120 kV AC, to the national grid voltage level. The biggest
difference compared to other solar systems - which is also important for protection
- is the size. Such power plants can cover several hectares of land and have fences

that can be hundreds of metres long.
2.2 Spatial distribution of a solar power plant

The solar power plant is divided into four areas based on their functions (Table 1).
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Table 1: Spatial layout of the solar power plant

environment boundary buildings assets
. - power
_  industrial inverter (1000 V DV converters
. . -400 V AC) + sub-
and dirt —  fencing solar panels
roads transformer (0,4/6
kV AC) buildings support
structure
—  hiking and —  main/nodal
tourist paths gates distribution buildings T
—  main transformer
—  pathways 6/120 kV AC —  cables
enclosure

Many solar power plants are surrounded by footpaths and hiking trails. Therefore,
solar power plants must not only be protected from intentional intrusion, but also
prevented from accidental access or entry. It should be noted that such power plants
not only pose a hazard due to their operating principle (~1000 V DC or high voltage
>1000 V AC), but also pose an increased risk of lightning strikes in stormy weather.
It is important to note that lightning strikes are not only a direct hazard, but can also
cause severe shocks to pedestrians and tourists walking along the road, due to the
step voltage, which can spread through the ground, even much further away from
the power plant. It is therefore of the utmost importance that the area around the
power plant is also monitored, within the limits of the law (Abubakar et al., 2021;
Ali et al., 2024). Artificial intelligence-based monitoring systems can play a key role
in this process. Al-based cameras and sensors can analyse movements in the
environment in real time, identify people and animals, and distinguish suspicious
activities from everyday movements (Singh et al., 2024). The system can thus detect
not only intrusion attempts, but also if a tourist or passerby accidentally wanders
into the danger zone. The Al-powered systems are able to send automatic alerts to
operators or to the live alarm service, which can warn nearby people of the danger
if necessary. The most basic protection is still provided by mechanical units: gates,
fences, walls and other barriers that mark the boundaries of the object and prevent
or slow down intrusion (Koller, 2016). However, their efficiency can be significantly
increased by a monitoring system with artificial intelligence, which provides
continuous and intelligent monitoring. Solar power plants are both "brick buildings"
and container units. The reason for using a container is that the equipment consists
of pre-typed components and is preassembled. The masonry of the buildings and

containers is strong and resistant to extreme weather conditions, so that the windows
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are the weak link. Artificial intelligence can also be used here, for example in the
form of access control systems with smart sensors and biometric identification to
prevent unauthorised access. Artificial intelligence can therefore play a significant
role not only in intrusion protection but also in keeping the plant environment safe,
helping operators to make more efficient and faster decisions to deal with

emergencies.
3 Electronic intrusion detection systems

The structure of electronic intrusion detection systems is usually compared to the
structure of an onionskin, with layers of perimeter, surface, area and object
protection (Figure 1). Personal protection is also included, but this is not relevant
for a solar power plant. Intrusion detection systems also include alarm signalling and
remote monitoring communication (Utassy, 2009).

personal protection

object protection

area protection

shell protection

outdoor protection

Figure 1: Onionskin protection structure

3.1 Elements of outdoor protection

An important aspect of outdoor protection devices is that they should be resistant
to environmental impacts. These include UV radiation, wind, precipitation, dust and
temperature fluctuations. Solar power plants are mostly installed in the countryside
or on the edge of settlements, so false alarms, mainly caused by vegetation and

animals, must be taken into account, but also pedestrians and toutists. Outdoor



N. Bogsik, N. Bozgsik, A. Szeberényi: The Role of Artificial Intelligence and Electronic

Intrusion Detection Systems in Protecting Solar Power Plants

221

electronic protection is based on changes in movement, vibration, pressure or some
other physical parameter. The use of artificial intelligence in this area is a major
advantage, as Al-based systems can identify real threats and filter out false alarms,
increasing the effectiveness of the system (T6th & Téth, 2014).

3.1.1 Motion detection (outdoor)

The operation of the motion sensor is based on the temperature radiation of the
human body. It detects the wavelength in the infrared spectrum and its variation in
intensity, and signals above a certain deviation value. The disadvantages of outdoor
applications are short range and false alarms due to sudden temperature changes.
Artificial intelligence can play a key role here too, as Al-based camera systems can
continuously analyse sensor data, identify the source of movement and distinguish
humans from animals or environmental influences. Such systems are becoming
increasingly accurate through machine learning, and can therefore minimise false
alarms. In addition, Al-based systems can automatically detect and signal when
camera lenses become obscured or clogged, ensuring continuous and reliable
operation (Oktel Kft., n.d.).

3.1.2  Security fencing

One of the basic elements of fence protection is the use of vibration sensors, which
are fixed to the boundary element (fence, wall, railing, etc.) and detect its
deformation and vibration. Weather conditions, especially strong winds and the
presence of animals, can cause false alarms. Al-based systems can also help in noise
filtering here, as they can analyse vibration patterns and distinguish genuine intrusion
attempts from harmless environmental effects. For sensor-based sensors, artificial
intelligence can be used to analyse detected vibrations and movements in real time.
Al is able to integrate data from multiple sensors (such as piezoelectric, coaxial,
linear magnetic or optical technologies) and generate more accurate alerts. Step
sensors and infrared barriers also benefit from the use of Al as it can detect the
movement of people and animals and anticipate potential threats (Téth & Toth,
2014). For infrared barriers, Al not only detects signal loss, but also analyses the
movement pattern between the transmitter and receiver, providing more accurate
protection (Szandtber & Markus, n.d.). Al plays a particularly important role in

license plate recognition systems. Al-based number plate recognition systems are
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able to quickly and accurately identify vehicles and decide on access rights based on
the information stored in the database. In addition, Al can help the system to learn
and evolve, for example, by treating unknown number plates as warnings or

managing periodic access authorisations (Bunyitai, 2011; Fogarasi, 2020).
3.2 Surface protection

Surface protection is designed to prevent intrusion through the structural elements
of buildings. To this end, windows should be equipped with opening detectors, glass
surfaces with glass break detectors and insufficiently solid wall structures with wall
break detectors. The use of artificial intelligence in this area can take security to a
new level, as Al-based systems can continuously monitor and analyse sensor signals
and identify correlations, reducing false alarms and increasing the ability to react
quickly (T'6th & Téth, 2014).

3.21 Open sensors

Open sensors operate on a mechanical or magnetic principle. One of the best-known
types of magnetic sensors is the reed-opening sensor, which consists of a pair of
contacts and a permanent magnet in a glass tube filled with an air-cushioned or
neutral protective gas. When the magnet comes close to the sensor, the contacts

close and signal the system.

Artificial intelligence in this system increases efficiency by analysing sensor signals
to detect suspicious patterns, such as the movement of a slowly, carefully opened
door or window, which might not be an obvious alarm situation for a conventional
system. Al-based algorithms are able to combine data from other sensors, such as
motion sensors and cameras, to create a more accurate picture of what is actually
happening. Micro-switches are mainly used in places where the sensor has to operate
with little force, such as switch cabinets and fitting boxes. Al can also be useful here,
as the system can monitor the status of cabinets and other equipment and
automatically send an alarm if, for example, a switch cabinet is left open. In high-
security areas, several signal catches and counter-bars rotated relative to each other
are used to prevent tampering. Artificial intelligence can also optimise the operation

of these systems by learning and recognising signals generated during normal
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operation, so that unusual or tampered events can be detected immediately
(Szandtber & Markus, n.d.; Téth & Téth, 2014).

3.2.2 Glass break detector

Glass break detectors are not normally used in solar power plants, but in facilities
with education and visitor centres, their use is essential. There are two main types of
glass break detectors: vibration-based and contact-based. Piezoelectric vibration
detectors detect high-frequency vibrations generated by breaking or cutting glass by
fixing them to the glass surface to be protected. By incorporating artificial
intelligence (Al), these sensors can analyse vibration patterns and minimise false
alarms, for example by distinguishing vibrations caused by objects falling on glass
from real breaking events. Contact glass break detectors use a conductive metal layer
on the glass surface, which breaks in the event of break, thus signalling to the security
system. With the help of Al, such a system can be combined with other sensors,
such as cameras or acoustic analysis algorithms, which can refine alarms based on
sound patterns. Acoustic glass break detectors use a condenser microphone to detect
the sound vibrations generated during break. With the help of Al these devices can
learn to distinguish between real glass break and other sounds of similar frequency
(such as the rattling of a pot or loud banging), thus significantly reducing false alarms
(Szandtber & Markus, n.d).

3.3 Space protection

The purpose of space protection is to monitor movements within the area to be
protected. The sensors are either focused on the specific area to be protected or
installed at entrances and corridors. Since the interior of solar power plants usually
consists of narrow service corridors, space protection is not typically used here,
except in demonstration and training rooms. The most common space protection
device is the passive infrared (PIR) motion detector, which detects infrared radiation
emitted by living bodies. With the help of Al, these sensors can more effectively
analyse detected movements and can distinguish human movement from signals
generated by animals or environmental factors (e.g. air currents). Ultrasonic and
microwave motion sensors are based on the Doppler effect: they emit a wave of a
given frequency and then monitor the frequency variation of the reflected signal.

The use of Al in these sensors can also help to detect false alarms by analysing
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movement patterns and taking into account environmental effects such as wind or
shadow movement (T6th & T6th, 2014).

34 Obiject protection

A significant proportion of the inverters used in solar panels are mounted in
mounting brackets. To facilitate maintenance, they can be lifted off by their handles
like a briefcase and transported to the service centre. These inverters can sometimes
be worth millions of forints, so they should be specially protected. One such

protection device is a weight sensor.
4 Other intrusion detection support systems
4.1 Cameras

Cameras are not intrusion detection devices per se, but the signal they transmit can
be used for alarms by image processing software. Such software processes the image
information using a large database and "artificial intelligence". Their great advantage
is that they can use filters and lenses to monitor the area and the surroundings of
the object to be protected from a great distance, even at night - while complying
with the law. By using smart cameras, you can reduce the workload on your staff

and reduce the number of people needed to monitor the area (Berek, 2014).
4.2 Drones

Drones (actually UAVs) are now very common tools in the operation of solar power
plants. Their main role is to support maintenance and increase operational safety.
One important task in the maintenance of solar fields is to check the cleanliness of
the solar panels. The easiest way to assess this is by aerial drone survey. And in
maintenance, it is used to detect hotspots - abnormal solar panel, cell heating. Such
flights provide an opportunity to assess damage to protection devices (e.g. fences).
They can show traces of unusual movements or preparations for intrusion (e.g.:
strike making) (Szalkai, 2021).
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5 Summary

Various intrusion detection and protection systems are used to ensure the security
of solar power plants. Surface protection uses opening and glass breakage detectors
to monitor intrusion attempts, while area protection uses motion detectors to
monitor protected areas. Valuable assets such as inverters are protected by weight
sensors and other object protection technologies. Security systems are becoming
more advanced and the integration of artificial intelligence (Al) is opening up new
possibilities. Al-based cameras can automatically detect suspicious movements, filter
false alarms and provide night-time surveillance. Smart drones can patrol
autonomously, identify intrusion routes and transmit real-time images to the security
centre. The use of Al increases the efficiency of intrusion detection systems, reduces
false alarms and optimises the work of security personnel. In the future, intelligent
security systems will increasingly be able to operate autonomously, predictively

identifying potential threats and taking preventive action.
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1 Introduction

Hotel technology is categorized into five categories: front desk and back-office
technology, meeting and events, restaurant and banquet management and customer
service technology (Bulchand-Gidumal & Melian-Gonzalez, 2015). This article
explores only front desk technology, with a focus on presenting customer service

technology in the guest areas.

Front desk technologies facilitate personnel to gain access into extensive customer
information and seamlessly integrate it, ensuring efficient service delivery while
minimizing both operational time and costs. Advanced front desk technologies
elevate the service expetiences of hotel guests by delivering timely and personalized
assistance (Singh et al, 2023).

The front desk technologies mostly employed by front desk staff, cashiers, cleaning,
and reservation departments. These technologies can include booking systems,
reservation software, guest communication tools, and check-in kiosks, all of which

help to create a seamless and efficient interaction between staff and guests.

Customer service technology focuses on enhancing guest satisfaction through
personalized services and feedback mechanisms. Using customer service technology
to collect feedback through surveys and reviews can help the hotel identify areas for
improvement and address any issues promptly, ultimately enhancing overall guest
satisfaction. The utilization of intelligent mobile technologies and connectivity
enables real-time acquisition and updates of consumer data, resulting in ongoing

enhancement of guest customization.

Together, these technologies work cohesively to create an enjoyable experience for

hotel guests.
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2 Theoretical Background / Literature review
2.1 Front desk operations

2.1.1 Reservation

Smart computerized solutions can well improve hotel capacity distribution by
analysing market demand, competitor pricing, and booking patterns in real-time.
This allows hotels to adjust prices dynamically, attracting more guests and increasing
revenue (Bisoi et al., 2020). Advanced data analytics provides insights into customer
behaviour, booking trends, and seasonal fluctuations, enabling hotels to make
informed decisions about staff allocation or marketing strategies. Revenue
Management Systems use algorithms and data analysis to provide pricing support
and capacity management strategies, while channel management systems help hotels

manage multiple distribution channels simultaneously (Guillet, 2020).

Dadi¢ et al. (2022) detailed those smart computerized solutions can streamline the
booking process, providing real-time availability updates and bookings across
multiple channels. Guest profile management allows hotels to create personalized
experiences and targeted marketing campaigns, increasing the likelihood of repeat
bookings and improving occupancy rates. Capacity forecasting with predictive
modelling helps hotels anticipate future occupancy and make informed decisions

about pricing and inventory management (Bouchareb, 2023).

Antonio et al. (2019) states that flexible cancellation policies and dynamic pricing
models powered by Al enable hotels to adjust prices in real-time, maximizing
revenue and ensuring competitive pricing. By leveraging these solutions, hotels can
achieve more efficient capacity distribution, enhance guest satisfaction, and

ultimately increase profitability.
2.1.2  Check-in procedures

The check-in process is crucial for a guest’s stay, and a smooth and efficient process
can leave a positive first impression. Training front staff to handle check-ins
professionally and having systems in place to address issues like room availability or

special requests can help streamline the process and enhance guest satisfaction.
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Mobile and web check-in or use of chatbots can improve guest options and overall
expetience by minimizing queuing times and allowing guests to interact at their
convenience (Singh et al, 2023). As the economy increasingly relies on advanced
technology, hotel guests are becoming producers and consumers, with an entirely
automated online check-in and check-out system allowing them to independently
handle routine procedures. However, relying solely on technology may result in a
lack of personal interaction and personalized service for guests (Zeithaml et al.,
2017).

2.1.3 Stayover procedures

Concierge services enhance client expetience, retention, and satisfaction rates,
however, executing these services can be challenging due to evolving visitor
demands. Digital technologies have been used to improve concierge services, such
as online reviews, wireless technology, and artificial intelligence (Das, 2023). These
technologies can streamline stayover procedures, provide personalized
recommendations, and improve customer service, leading to higher levels of guest

satisfaction and loyalty.
2.1.4 Check-out procedures

Smartphones allow guests to check their bills, update payment information, and
request housekeeping services before entering the lobby. Check-out is also facilitated
through kiosks, mobile apps, or the hotel front desk. The Property Management
System (PMS) connects with credit authorization systems for efficient payment
processing. This integration ensures a smooth check-out process, reducing last-
minute surprises and ensuring quick room turnover. Contactless payments, such as
digital wallets and contactless cards reducing the need for traditional equipment for
card transactions (Bouchareb, 2023).

2.2 Guestroom digitalisation

Hotels now offer rooms with advanced technology and a wider range of
entertainment options similar to private homes. Digitalization aims to provide users
with personalized experiences, reducing staff strain and improving customer

experience.
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2.2.1  Electronic locking systems

Intelligent room technology, including keyless entry systems, biometric
identification, and smart doorbell cameras, enhances security and guest experience.
These technologies reduce the risk of misplaced or stolen keys, while biometric
verification adds an extra layer of protection (Das, 2023). In-room safes offer a

secure, convenient solution for guests to store belongings.
2.2 In-room control solutions

In-room control consoles regulate room amenities, lighting, and temperature to
customize the room for business, pleasutre, or sleep environment. Autonomous
lighting and climate control systems improve energy efficiency by adjusting settings
based on guest preferences and occupancy levels (Das, 2023).

2.3 Entertainment and wellness solutions

High-definition smart TVs with streaming capabilities allow guests to access the
preferred contents, stream their personal Netflix through in-room pay-per-view
digital content platforms. In-room game systems, fitness systems, and artificial
intelligence (Al) can also enhance the guest experience. Al and guest history can
optimize bookings for recreational facilities, improving guest access and increasing
hotel revenue (Bisoi, 2020).

24 Guestroom services supported by digital solutions

Intelligent room technology, such as high-speed Wi-Fi, USB charging ports, and
smart workstations, promotes productivity and supports leisure activities. Voice-
activated assistants like Google Assistant provide guests with quick access to
information and personalized recommendations. Additionally, the use of devices for
meal ordering and the use of historical data and trends allowing hotels to anticipate
guest preferences, personalize services, and create memorable experiences
(Bharwani & Mathews, 2021).
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3 Methodology

The study seeks to find out whether four-star hotels in Szeged are taking advantage
of digital technologies to enhance the hotel guest experience, or whether they are
limiting the digital services they provide to the level of compliance with the legal
environment. As digitisation is a complex subject that requires extensive study,
exploratory research methodologies help understand operators’ perspectives,
experiences, and attitudes towards ICT technology. In domains where theories may
not fully explain organisations’ practices, exploratory qualitative research is suitable.
A paradigm that allows incremental data collection and processing based on

emergent patterns and categories is a strength.

The sources of data used in this study consist of semi-structured interviews and
analysis of hotel websites besides the literature review. These methods are chosen as
they enable the generation of detailed knowledge concerning the studied research
questions. In Szeged, 12 facilities operate as four-star hotels; however, only 11 are
recorded in the official registry of szallashelyminosites.hu, excluding the Science
Hotel. The survey was administered to the managers of these units from 1 to 15
March 2025. The enquiries pertained to aspects of digitalisation that cannot be
obtained via hotel websites. None of the unit managers contributed to the

identification of the hotel in the text of the study.
4 Results
4.1 The hotel industry of Szeged

Szeged, a significant cultural and commercial centre in Southern Hungary, boasts a
rapidly evolving hotel sector. The lodging options are varied, encompassing both
luxury hotels and intimate, family-operated guesthouses independently managed or
operated under a brand. The majority of hotels are situated in the downtown,
capitalising on their closeness to tourist attractions. The vicinity of Széchenyi and
Dém Square is especially favoured by tourists. On the outside of the city and in
adjacent locales, guesthouses and B&Bs provide alternate options. The hotel

industry is intricately connected to conference, cultural and spa tourism.
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The quality of hotel services has also evolved in the past years. The recent
development of new hotels has heightened rivalty among accommodation
establishments, particularly in the city centre and near important transport
connections. Newly opened hotels have augmented their room capacity and
enhanced service quality by introducing new leisure and recreational amenities. The
diversification of the city’s tourism sector, encompassing cultural events, festivals,
and sporting activities, has led to increased hotel occupancy rates. The increasing
number of services and the distinction among hotels is fundamentally driven by
demand trends. However, hotel occupancy rates notably rise throughout the tourist

season, particularly in the summer months and during festivals.
4.2 Requirements for four-star hotels

In Hungary, the classification of accommodations (by kind and quality) is
mandatory; the hotel rating system is similar to the Hotelstars criteria. The
certification remains valid for three years, during which hotels must consistently
comply with the criteria of their category. The standards encompass hotel
operations, services, common and guest areas, establishing a minimum service
standard for properties ranging from 1 to 5 stars. Extra points may be obtained by
fulfilling the optional services, which can be utilised to attain a superior level if the
minimal points for this category are satisfied, although only the inferior category is
achieved in mandatory services. The requirements have been revised effective 16
March 2025. The criteria for each quality class vary, but the requisites for digital
technology in 4-star hotels only include: cashless payment systems, televisions with
international channels, electrical outlets (with adaptors), telephones, Wi-Fi, printing

facilities, a website, and the management and analysis of guest complaints.

Moreover, hotels must implement a compliant PMSs that deliver data in real time to
National Tourist Information Centre, to National Tax and Customs Administration
and to Guest Information Closed Database, which handles visitors’ anonym
personal information. The compilation of compatible software comprises 45
applications from 40 distinct businesses (Hungarian Tourism Quality Certification
Board).
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5 Discussion

Among the surveyed hotels, one is affiliated with the Novotel brand (Accor group),
one belongs to the Hungarian Hunguest Hotels chain, and one is operated under a
management contract by Accent Hotels. Three hotels are managed by a single
operator. In accordance with the particular rules of Hungary, all units utilise PMS
either developed in Hungary or modified for the Hungarian market: six units employ
Hostware, four use Previo, and one utilises Sabeeapp. Despite Hostware providing
a booking engine, its users utilise RoomSome or REShWEB for website booking
management. Users are often satisfied with the functionalities of their selected
software; nonetheless, two hotels utilising Hostware are contemplating shifting to a
more contemporary cloud-based solution. None of the units have an application
specifically tailored for guests to improve their experience. Novotel provides the
All.com application for managing reservations, whilst Hunguest offers a digital

restaurant menu on the hotel website.

The ratio of direct to indirect online reservations for units generally fluctuates with
the seasons; nonetheless, the predominant distribution is evenly split at 50% from
own websites and 50% from intermediary sources. Two units are absent on
booking.com, and one is missing from the popular Hungarian online travel agent
site, szallas.hu. Five units lack dynamic pricing and instead implement varying room
rates based on seasonal changes on their booking platforms. All except one of them
provide package deals; however, these are not based on a dynamic ensemble. Certain
units - RESnWEB users - provide additional services that can be incorporated into
the reserved rooms during the booking process. Only two units have adopted a
special Al-assisted solution to enhance bookings (e.g., Peaq Plus, STR, OTA
Insight).

Check-in occurs traditionally on-site at the surveyed units, with just two properties
allowing for a reduction in administrative effort by submitting data in advance. The
mandatory scanning of the travel document is unavoidable in this instance as well.
In the absence of digital check-in, guests may generally submit requests for a room
or its amenities during the booking process or via email to reception. 73% of
properties fail to utilise the data provided by national-level mandated systems, which

are deemed inadequate in quality or scope.
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Hotel stayovers are the least supported electronic solutions. Despite the literature
emphasising the beneficial effects of these applications on guest experience, their
use by hotels in Szeged remains minimal. One hotel still employs a mechanical door
opening system, whereas five do not utilise guestroom electricity management
system. Among the 11 units, all provide essential in-room services including Wi-Fi,
television, telephone, radio, printing upon request, and cashless payment; however,
limited additional services are offered. While the optional services “individually
controlled air conditioning” and “in-room kettle” are available in all rooms, only two
hotels include a Nespresso coffee machine, and one unit offers an electronic
blackout function. No applications or voice-activated lighting or heating systems are
accessible anywhere. Netflix is offered in only two hotels, neither of which has a
gaming console or an integrated sound system. Direct USB charging is offered in
only five units. Only 2 hotels use an Al-supported solution to understand the

consumption habits of their guests.

Contactless check-out is limited, with merely two units providing this service; in case
of pre-payment, only the room card must be left at the reception. It is regrettable
that guests are unable to review their bill in advance at any of the hotels, highlighting
a deficiency in transparency. Furthermore, cashless card-free payment methods
(such as Revolut or Google Pay) are not prevalent, there are no available options for

such transactions anywhere.

The utilisation of data produced at the front desk for Housekeeping is limited in the
examined units, relying solely on the reporting and roster supplied by the PMS. Two
units exclusively utilise the asset register provided as a module within the Hostware
PMS.

6 Conclusions

The newly established units failed to leverage the technical benefits available, opting
instead to commence operations with conventional equipment and services to fulfil
the criteria of the four-star classification. The existing units continue to utilise their
current digital solutions, exhibiting little desire for change despite the presence of

more advanced digital alternatives on the market.
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This resistance might originate from the following areas.

— Cost and investment: the introduction of modern technologies requires a
significant initial investment, which can be a major barrier for many hotels,
especially smaller ones.

—  Staff training: learning to use new systems is time-consuming and staff
training is an additional cost. Employees can also learn from each other,
which saves costs.

—  Security concerns: digital systems can be vulnerable to cyber-attacks, which
can mean sensitive guest data is compromised. Data protection should be a
priority.

— Respect for tradition: personal contact and traditional hospitality are
important in hospitality, and many fear that technology could impersonalise
the service.

— Resistance to change: many in the hotel industry are attached to tried and
tested methods and are averse to innovation. This is especially true for older
managers.

—  Customer base: the customer base is very mixed, with many older people
not liking or able to use modern technology. Therefore, online and offline
solutions are often used in parallel. For family-friendly and youth hotels, the
level of digitalisation is expected to be higher.

—  Systems integration: lack of compatibility with existing systems can also be
a barrier to digitalisation. In such cases, systems developed for the hotel’s

needs can provide a solution.

The above issues generally arise in the realm of full system integration, indicating
significant potential for development in hotel guest room entertainment. Digital
enhancements to guest rooms are predicated on visitor experience, incurring no
training expenses. Adaption of Service Blueprinting framework may enhance the
study by mapping touchpoints where digital interventions could improve guest

experience.

Further area of interest of the research is to examine the supply side of the four-star
hotel industry in Szeged, assessing if the general degree of digitisation aligns with

demand requirements or is predominantly tailored to the operatot’s competencies
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and/or making a comparative industry analysis to benchmark local results against

international experiences.

The research was supported by the ICT and Societal Challenges Competence Centre of the Humanities and Social S ciences
Cluster of the Centre of Excellence for Interdisciplinary Research, Development and Innovation of the University of
Szeged. The author is a member of the “Digitalisation in business and non-business” research group.
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disclosures and to what extent companies include the interests of
their key stakeholders in their corporate governance. Findings:
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1 Introduction

Stakeholder engagement has become a key component of corporate governance,
particularly in the context of sustainability reporting and compliance with regulatory
changes, such as the Non-Financial Reporting Directive (hereinafter NFRD),
Corporate Sustainability Reporting Directive (hereinafter CSRD), and Taxonomy or
Corporate Sustainability Due Diligence Directive (CSDDD). Managing stakeholders
represents one of the essential aspects that help companies identify and manage key
risks and opportunities in the field of sustainability. Companies must integrate the
interests of key stakeholders into their governance to align corporate management
with stakeholder expectations and ensure sustainable and long-term business success
(Primec & Belak, 2022). Cate for the environment, society, governance, biodiversity,
climate change, etc. has become an increasingly significant factor in the management
of business entities. The concern for sustainable areas is increasingly being integrated
into corporate governance, and companies are striving to change the management
and leadership process in a way that influences long-term sustainable operations
(Staudt et al., 2023).

With global initiatives, the need to align the needs of key stakeholders with the
interests of the company has grown even more, leading to the need for the
development of strategies and increasing efforts toward coordinated and integrated
sustainable operations, both at the individual level and at the organizational level. At
the EU level, in recent years, numerous measures have been observed through which
the EU has sought to promote sustainability, sustainable development, sustainable
governance, and transparent information reporting. These measures have
encouraged business entities to gain a better understanding of their key stakeholders
and to report broader information related to the environment, society, and
governance transparently. One of the key aspects of governance from a sustainability
perspective is also the inclusion of external and internal stakeholders in the
management and leadership process of the company. In doing so, companies build
trust and reduce risks, which strengthens trust between the company, key
stakeholders, and the surrounding environment in the long run (Cufar & Primec,
2022; Cufar et al. 2024, Nygren & Hallan, 2024).
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The purpose of this paper is to examine the identification of key stakeholders by
companies in practice. Based on the research findings, we expect to gain additional
insights into the procedures and the integration of key stakeholders' interests into
the management and corporate governance of the companies in the field of

sustainability.
2 Theoretical Background/Literature Review

The stakeholder theory in connection with corporate governance can be found in
various publications and literature. According to the original concept developed by
Freeman, the theory is used to understand the relationships and frameworks
between a company and its stakeholders (Freeman, 1984). In the context of
corporate governance, such relationships contribute to a better understanding of the
needs and interests of key stakeholders and their consideration in the company’s
management process. In the governance process, companies do not focus solely on
the interests of narrow stakeholder groups but strive to align their actions as closely
as possible with stakeholder expectations. The stakeholder theory facilitates the
development and foundation for distinguishing broader social issues from the
concerns and needs of individual stakeholders (Harrison et al., 2015). Compared to
shareholder theory, stakeholder theory advocates for and expands corporate
responsibility to a broader range of key stakeholders, such as employees, customers,
the community, suppliers, and the environment. The theory serves as a crucial tool
for corporate management in the business environment. In connection with socially
responsible management and sustainability reporting, stakeholder theory provides a
foundation that enables companies to disclose a broader range of information and
risks, addressing and informing a wider group of stakeholders. By disclosing more
sustainability-related information, companies can gain stakeholder support more
casily, thereby improving their business performance (Clarkson, 1995; Reverte
2009).

The term corporate social responsibility has evolved over the years, gaining an
increasingly broader meaning. In the EU, the concept of CSR was initially
implemented voluntarily where companies incorporated social, environmental, and
governance indicators into their operations on their initiative. However, with
ongoing crises and the collapse of organizations, it became evident that voluntary

reporting was insufficient for integrating CSR into corporate governance systems.
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Consequently, the EU introduced legislation, such as the NFRD, CSRD, CSDDD,
and the EU Taxonomy to ensure that companies incorporate sustainability
indicators into their management processes and inform key stakeholders about the
risks and opportunities extending beyond financial performance. Thus, stakeholder
management represents a key measure through which companies ensure the
sustainable integration of CSR into their governance while considering the interests
of their stakeholders. Additionally, it provides stakeholders with opportunities and
communication channels for exchanging information (Primec & Belak, 2018; Staudt
et al., 2023).

One of the first legislations in the field of sustainability reporting and the reporting
of key stakeholder information in sustainability reporting is the NFRD. The directive
required companies to report information related to environmental impacts, social
aspects, and corporate governance. The reporting obligation applied to all public
interest entities that had more than 500 employees on the balance sheet date.
Although such reporting applies only to a certain scope of companies, the legislation
and regulatory measures represent one of the key measures that encourage the
integration and inclusion of key stakeholders in the corporate governance process.
Based on the review of the NFRD, numerous shortcomings were identified, which
represented deficiencies in reporting and the comparability of reported data. To
address these shortcomings, the EU adopted the CSRD, which more precisely
defines sustainability data reporting. It is expected that, as a result, the reporting of
information in line with the integration of key stakeholder interests will improve in

the future and become more detailed and transparent at the corporate level.
3 Methodology

As part of the research, a multiple case study was used to analyze the sustainability
reports of selected companies. This method enables a detailed definition of the
studied phenomenon within real-life circumstances and the context of the chosen
company. It allows for the examination of the phenomenon in a specific
environment using multiple data sources and analyses. The analysis facilitates the
acquisition of information and its interpretation in a way that thoroughly explains
the reasons and circumstances behind specific activities related to the studied
phenomenon (Paolone et al. 2023; Lina et al., 2023; Voss et al., 2008).



M. Cyz/gﬁzr, A. Primec, ]. Belak: Sustainable Corporate Governance and Stakeholder

Engagement: Analyzing the Role of Stakebolder Integration in ESG Reporting 243

The method of content analysis was used for data collection and analysis. The
content analysis method was chosen because it has already been used for analyzing
similar research and qualitative studies. The selected method is suitable for the
present analysis because it allows for the examination of qualitative reporting by
companies and its interpretation. The sample on which the research was conducted
includes six companies from Slovenia, operating in the sectors of manufacturing,
insurance, and banking. For each of these companies, the study examined whether
the company (Paolone et al. 2023; Lina et al., 2023; Voss et al., 2008):

identifies their key stakeholders in their sustainability reports,
—  specifies communication channels,
— identifies the information received from key stakeholders, and

— indicates how this information is implemented in their management and

leadership process.

The analysis was conducted based on the annual report or a separate sustainability
report published by the selected business entities for the chosen reporting year. The
reports were analyzed for the period of 2023.

4 Results

The research results indicate that all selected companies report data on their key
stakeholders in their annual or sustainability reports for the year 2023. More
specifically, all analyzed companies implement their key stakeholder groups.
However, differences arise in the identification and formation of individual groups.
It can be observed that companies that identify their key stakeholders in more
detail—for example, by specifying exact stakeholders rather than grouping them into
broader categories—tend to provide more detailed information on how key
stakeholders influence the company and how the company impacts its key
stakeholders.

Based on the information obtained from annual or sustainability reports, the extent
to which companies report on communication channels with their key stakeholders
was examined. Evidently, that reporting varies among companies. Some companies,

particularly those in the insurance and banking sectors, provide more detailed



9™ FEB INTERNATIONAL SCIENTIFIC CONFERENCE: SUSTAINABLE MANAGEMENT

244
IN THE AGE OF ESG AND Al: NAVIGATING CHALLENGES AND OPPORTUNITIES

reports on the communication channels they have established with key stakeholders
and how they obtain and utilize the information received from them. Such reporting
offers a more detailed insight into how companies establish contact with their key
stakeholders and how different stakeholder groups can engage with the company. It
is also noticeable that some companies report detailed information on when they

had contact with specific stakeholder groups during the reporting year.

From the analysis of the reporting of data obtained from key stakeholders, it can be
observed that some companies provide information in a generalized manner,
consolidating multiple stakeholder information into a single group. In such cases, a
detailed explanation is missing regarding which specific stakeholder group provided
the information what information was received, and what criteria were used for its
assessment. The information is presented in a cumulated form, and the company
does not establish a clear link between the implemented measures within the
company and the information received from key stakeholders (Cufar & Primec,
2022; Cufar et al. 2024; Primer & Belak, 2018).

In contrast, some companies provide more detailed disclosures on the specific
information obtained from key stakeholders and how this information was used for
future assessments of material topics and the development of sustainability
management strategies. This type of reporting provides companies and their key
stakeholders with more detailed insights into which stakeholder groups are relevant
to the company and how the information from individual stakeholder groups has

been utilized to adjust strategies and planning in the field of sustainability.
5 Discussion

Based on the research findings, regarding the identification of key stakeholders, it
can be summarized that the analyzed companies strive to report data on key
stakeholders, engage in their identification, and define them within their annual
reports. Evidently, all companies have at least some information about the key
stakeholders they identify within their company. However, fewer companies provide
detailed reports on specific types of key stakeholders and the impact they have on
the company or vice versa (Cufar & Primec, 2022; Nygren & Hallan, 2024).



M. Cyz/gﬁzr, A. Primec, |. Belak: Sustainable Corporate Governance and Stakeholder

Engagement: Analyzing the Role of Stakebolder Integration in ESG Reporting 245

In the analyzed reports, some companies provided a detailed description of their key
stakeholders, precisely identifying their level of importance for the company. From
the perspective of reported data in annual reporting, the results indicate that
companies are increasingly committed to integrating the intetests of key stakeholders
with those of the company, thereby co-shaping strategies and the management and
leadership process in the field of sustainability (Freeman, 2010).

When examining questions related to communication channels, it can be observed
that while some companies report information in detail, others provide more general
information at the level of individual stakeholder groups. Information on how key
stakeholders communicate with the company and the specific communication
channels used enhances transparency and the content of reported information,
providing greater insight into the exchange of information between the company
and its key stakeholders. To ensure the transparency of reported information, some
companies explicitly specify the time period in which they were in contact with key
stakeholders and the outcomes of the information exchange (Freeman, 2010; Cufar
& Primec, 2022).

Within the reported data, the information that companies disclose in their annual
reports depends on whether they report on their key stakeholders in a general
manner or define them in detail at an individual level. Companies that provide more
detailed reporting on their key stakeholders also tend to report more specifically on
which information they received from which key stakeholders and how the data
exchange took place. Companies that identified key stakeholders at a surface or
group level typically only reported the information obtained through
communication but did not specify in detail which key stakeholders provided the
information or for which key stakeholders the information was relevant. This type
of reporting reduces transparency regarding communication and the information
that the company reports concerning its key stakeholders. In the context of
implementing information into sustainability strategies and plans, it can be observed
that companies that reported key stakeholders in detail also provided more specific
information on how the interests of key stakeholders were integrated into their
strategies and management processes. This type of reporting enhances transparency
and provides an overview of the measures taken by the company based on the

information received from key stakeholders (Cufar et al., 2024).
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6 Conclusions

Key stakeholders play a crucial role in the integrated and comprehensive approach
to the implementation of sustainable strategies within the management and
leadership processes of a company. Stakeholder management is essential for
effective corporate sustainability reporting and sustainable corporate governance.
For comprehensive and detailed information disclosure, legislation on key
stakeholders provides a framework that companies follow to ensure the reporting of
complete and transparent information. By integrating innovative practices and
regulatory requirements, companies are encouraged to achieve long-term
sustainability and competitiveness. In the future, research could focus on analyzing
key stakeholders based on data reporting over a longer petiod (several years) and the
CSRD requirements, which will come into effect in the near future, and has already
been implemented into Slovenian legislation. Based on the results, it will be possible
to determine in more detail the impact of the legislation on the reporting of
information about key stakeholders, how companies have reported information
about their key stakeholders over time, and whether their interests have been
integrated into the company, its strategies, and plans, contributing to a sustainable

management and leadership process.
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1 Introduction

Digital transformation has triggered fundamental changes in the business models of
the creative industries, leading to the emergence of hybrid models that combine
creative production, digital distribution, and collaborative economic approaches (Li,
2020). An analysis of the concentric circles model, value chains, and the cultural
cycle shows that these models enable greater flexibility, accessibility, and
sustainability of cultural products and services (A Research Agenda for Creative
Industries, 2019).

Collaboration brings numerous advantages for creative industries, such as shared
platforms, reduced distribution costs through digital platforms, and access to a larger
number of users. The cyclical life cycle of creative industries emphasizes the need
for diversification, which points to the creation of gaps related to the relationship
between the Digitalization and Hybridization index, as well as, value gaps between

digital platforms and small businesses within the creative industries.

Changes in business models within creative industries, driven by digital
transformation, impact the 2030 Agenda and the overall creative sector (UNESCO,
2019; Larasati & Satari, 2021). The relationship between creative industries and the
2030 Agenda is transversal, and hybrid business models will contribute significantly
to this relationship.

The analysis of the new business models provides a current insight into the changes
occurring in the creative industry and impact on other sectors, as well as, an
understanding of the possibilities for collaborative action in the future business
context, particularly from the perspective of their influence on sustainable

development.
2 New business models in the creative industry

This study applies a qualitative research methodology aimed at analyzing the
development of business models in the creative industries under the influence of
digital transformation and connection with the 2030 Agenda. The research is based
on secondary sources and theoretical approaches, with a focus on interpretative

analysis of existing models and practices. The approach is both descriptive and
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interpretative, allowing for a multidimensional examination of contemporary
business models and their positioning within a broader social and economic context.

The main research methods used include:

1) Content analysis of relevant academic and professional literature, including
Reports from international organizations (UNESCO, European Commission) and
academic works in the fields of cultural policy, digital economy, and creative

industries.

2) Case study analysis of hybrid business models, which enables the identification
of concrete examples of best practices in the context of digital distribution,
collaborative economy, and platformization (Li, 2014; Feng, 2020; Betzler &
Leuschen, 2020; Massi et al., 2021; Priyono et al., 2021) and

3) Theoretical mapping of key concepts through the application of the concentric
circles model (Throsby, 2008), value chain models (European Commission, 2017,
Li, 2020; Betzler & Leuschen, 2020), and the cultural cycle (UNESCO, 1986), in

order to capture the full dynamics and development potential of the sector.

The paper explores the evolution of business models in the creative industries in the
context of digital transformation and hybridization. New business models in the
creative industry are emerging under the influence of digital transformation. These
models take the form of hybrid models and appear as concentric circle models and

value chain models.
2.1 The concentric circles model in the creative industries

Numerous definitions of the creative industry point to its various aspects, ranging
from the scope of the sector, key drivers, to the ways in which it is organized and
structured (Throsby, 2001). The concentric circles model (CCM) represents a way
of organizing and structuring creative and cultural industries and their subsectors

(Throsby, 2008).
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The concentric circle model is based on the division of the sector into core sectors
and economic sectors (Graph 1). Core sectors include artistic and non-industrial
activities, while economic sectors are connected to the core sector. The sectors are
represented in the form of layers, and the further the layer is from the core sector,
the less artistic or cultural content it contains. The core sector consists of three

circles:

1) Core Cultural Expression, which as the first and core circle includes:
Literature, Music, Performing Arts and Visual Arts,

2) Related Industries, which include: Advertising, Architecture, Design and
Fashion,

3) Other Core Creative Industries, which include: Film, Museums, Galleries,
Libraries and Photography.

The economic sector consists of:
4)  Wider Cultural Industries, which include: Heritage Services, Publishing and

Print, Media, Television and Radio, Sound Recording, Video and Computer

Games.

Wider Cultural Industries

Other Core Creative

Related
Industries

Graph 1: The concentric circle model
Soutrce: Throsby, 2008.
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2.2 The value chain in creative industries

In addition to the concentric circle model, another framework that emphasizes the
interdependence between creative industries and related sectors is the value chain

model in creative industries.

The value chain encompasses the stages of creation, production, distribution, and
consumption of cultural and creative goods and services. A distinction is made
between the creative value chain and the economic value chain. The creative value
chain begins with an initial creative concept and develops through a series of

interconnected stages before reaching the end user (European Commission, 2017).

The economic value chain primarily involves tangible goods and is defined by core
elements such as efficiency, specialization, a longer product life cycle, and a linear,
vertically integrated structure. In contrast, the creative value chain is centered on
intangible goods, with innovation and creativity at its core. It typically involves a
shorter product life cycle and is characterized by interdisciplinary collaboration and

partnerships in both the creation and distribution of creative content (Table 1).

Table 1: Differences between creative and economic value chains

Characteristics Creative value chains Economic value chains
. Intagible goods such as ideas
Products vs. Services agibe g L .
intellectual property and artistic Tangible goods
expressions
. . L. Efficiency and
Basic components Innovation and creativity S
specialization
Product life cycle Shorter life cycle Longer life cycle
. . . Linear and vertically
Collaborative nature Collaboration and networking . Y
integrated structure

Source: European Commission, 2017; GIZ 2024.

A value chain example in the music industry contains several related components
that, in addition to creative development, include commercial success and
parthership (Graph 2) (Global Music Report, 2024).
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* Marketing
* Artist brand opportunities
Commercial * Global distribution
success * Promotion
* Creative development services
* Recording
Creative o
development Aga development
* Business affairs
* Global Inter - connetivity
Partnership * Artist welfare programme

Graph 1. A value chain in the music industry
Source: author based on Global Music Report, 2024.

The concept of value creation in the creative industries is often articulated through
the framework of the cultural cycle. The cultural cycle emphasizes the
interconnected nature of activities that contribute to the development of new
cultural products and services. According to UNESCO (1986), the cultural cycle
consists of five key phases: creation, production, dissemination, exhibition (or

transfer), and participation (or consumption):

1) Creation: Refers to the origination and authorship of ideas and content—
such as the work of sculptors, writers, and design studios—as well as the
production of one-of-a-kind works like fine art and artisanal crafts.

2) Production: Involves the replication of cultural forms, alongside the
specialized tools, infrastructure, and processes needed to bring them to life.

3) Distribution: Encompasses the delivery of cultural goods to consumers and
venues through wholesale and retail channels, rentals (e.g., of music or video

games), film distribution, or digital platforms.
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4) Exhibition/Reception/Transfer: Denotes the site or mode of cultural
consumption, where audiences are granted access—either sold or
facilitated—to experience cultural offerings within a set timeframe.

5) Consumption/Participation: Represents the active engagement of
audiences in cultural practices, such as dancing, attending carnivals, listening

to radio broadcasts, or visiting galleries.

Within both the creative value chain and the cultural cycle, the shaping of creative
outputs is largely driven by diversification. Unlike traditional economic sectors that
often rely on specialization, the creative industries—particularly in developing
countries—frequently lack the necessary market demand and resources to support
narrow specialization. As a result, creative enterprises tend to diversify their offerings
and adjust to market needs in order to survive and grow (e.g., music distribution

expanding into audiovisual content development).

In contrast to the economic value chain, which is primarily commercial in nature,
the cultural value chain also includes non-commercial transfers, such as the passing
down of intangible cultural heritage across generations. UNESCO member states
utilize the concept of the cultural cycle to conceptualize cultural production and to
address challenges related to building a resilient and sustainable cultural ecosystem

(UNESCO, 2009).

3 Collaboration as a feature of business models of creative industries:

advantages and disadvantages

The collaborative nature is one of the key characteristics of business models and
value chains in creative industries. Creative industries often rely on co-production
schemes and strategic partnerships to generate greater synergy, which also includes
the development of payment facilitation mechanisms to stimulate digital demand
and enhance market penetration ITC, 2019):

1) A synergistic approach that integrates digital and analog promotion
The rise of new technologies and digitalization has led to the emergence of value-

added services on streaming platforms. Machine learning algorithms analyze user

behavior during content consumption and generate personalized recommendations.
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This demonstrates that artificial intelligence and human expertise can complement
each other within the creative sector, aligning with the EU’s General Code of
Conduct for Artificial Intelligence under the EU Al Act (EU, 2024).

2) Partnerships with telecommunications operators as a sustainable business

model

Telecom operators increasingly act as content providers, forming mutually beneficial
collaborations with creative industries. One notable model involves Telecom
companies producing musical content for ringtones—music that plays before a call
is answered—replacing traditional call tones. This partnership expands the music
industry’s reach, connecting artists and fans across multiple platforms and revenue
streams, whether through direct cooperation with digital services or through record
labels. As this segment evolves, overall compensation for artists is expected to
increase (Anantrasirichai & Bull, 2021; Arshad et al., 2025; Villerment et al., 2021).

3) Payment facilitation as a key driver of digital demand

Limited payment options for creative products hinder market expansion. Therefore,
developing accessible online payment systems is essential. Streaming services should
incorporate payment models in local currencies and allow users to make purchases
using mobile credits. Another promising method is direct user donations to artists,
offering a more personal way to support creative work. Many creators already utilize

platforms that enable followers to contribute financially and sustain their projects.
4)  Mobile penetration and digital access in the creative industry

The rapid increase in mobile device usage and digital platform adoption has opened
up new markets for creative content. Over the past decade, the number of global
internet users has nearly doubled, significantly contributing to the growth of digital
products and services within creative industries (Wotld Bank, 2024). Collaboration
with digital platforms helps creators establish a presence more quickly, build a fan
base, and generate revenue from sources like concert tickets, branded merchandise,

and digital media.
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While collaboration brings numerous advantages, such as reduced distribution costs,
broader audience access, and increased innovation, there are also significant

challenges, including:

1) Alow level of hybridization in certain business models, and
2) Value gaps resulting from unequal distribution of profits between digital

platforms and creative sectors.

Hybridization of economic models in the creative and cultural industries involves
combining multiple sources of income and funding. When digitalization is paired
with hybridization, it typically leads to positive outcomes by expanding monetization
strategies and content accessibility. In general, digitalized sectors tend to be
hybridized—exceptions include some segments of the music and publishing
industries. A high Hybridization index indicates diverse income streams. For
example, the video game industry has six major revenue channels: physical/digital
sales, subscriptions, paymium (free-to-play with paid features), advertising, and
microtransactions. In contrast, a low hybridization index in the book industry

reflects a more limited range of monetization options (Salmon, 2015) (Table 2).

Table 2: Digitalization rate and Hybridization indeks

Content Video games Music Movies
Digitalization rate 72 50 30 15
Hybridization index 80 41 56 23

Source: Salmon, 2015

The relationship between hybridization and digitalization across various cultural

sectors can be illustrated as follows (Salmon, 2015):

1) Video games: High level of hybridization, featuring a broad range of
economic models.

2) Music: Moderate hybridization, characterized by a mix of payment systems
and streaming platforms.

3) Film: Low hybridization, though digitalization is on the rise.

4) Books: Very low hybridization, still largely dependent on traditional sales

models.
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In sectors with low levels of hybridization, creative industries can combine
traditional and digital business models to drive growth—for example, by selling

concert tickets online or offering hybrid formats of cultural experiences.

A major challenge facing creative industries today is the fair distribution of revenue,
which is crucial for ensuring their long-term sustainability. The intricate network of
stakeholders—artists, creators, producers, distributors, and others—often lacks
sufficient bargaining power when compared to global digital platforms and content

distribution networks that dominate the market.

According to the International Federation of the Phonographic Industry (IFPI), in
2015, Spotify paid an average of $20 per user annually to music rights holders, while
YouTube returned less than $1 per user to content creators. While 900 million users
of user-generated music content platforms generated around $553 million, 212
million paid or ad-supported users contributed nearly $4 billion in revenue (IFPI,
2017).

This disparity reflects the broader issue of content devaluation—the growing gap
between the value extracted by user-generated content platforms like YouTube and
the revenue returned to the music ecosystem, including artists, producers, and
investors. The European Commission has acknowledged this "value gap" as a form
of market distortion, emphasizing the need for regulatory intervention to address
the imbalance (EU, 2017).

4 Creative industry and agenda 2030

In relation to the contribution of creative industries to achieving the 2030 Agenda,
several strategic documents have been established that link this sector to the
Sustainable Development Goals (SDGs). The potential of the creative industry to
foster sustainable and inclusive growth led to the adoption of the UN Resolution on
the Creative Economy in 2020. As a result of this resolution, 2021 was designated

as the International Year of the Creative Economy.

Moreover, the creative economy is increasingly recognized for its capacity to support
the implementation of the 2030 Agenda, even though the Agenda does not include

a specific goal dedicated solely to culture or the creative industries (Creative
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Economy 2030: Inclusive and Resilient Creative Economy for Sustainable
Development and Recovery, 2021). Cultural and creative industries are most directly
connected to SDG 8, which promotes sustained, inclusive, and sustainable economic
growth, full and productive employment, and decent work for all; and SDG 12,
which focuses on ensuring sustainable consumption and production patterns,

including cultural dimensions.

Under the UNESCO Culture 2030 Indicators initiative, 22 indicators have been
developed to demonstrate the interconnections between culture, the creative
economy, and the SDGs (Table 3) (UNESCO, 2019; Larasati & Satari, 2021).
Culture contributes to the SDGs both as a standalone sector and as an integral
component of other development areas. Accordingly, it plays a role in advancing
goals related to sustainable cities, economic growth, social inclusion, environmental
protection, and more. Conversely, the economic, social, and environmental
dimensions of sustainable development also reinforce efforts to preserve cultural

heritage and promote creativity.

Table 3: Relationship between the Culture 2030 Indicators and SDGs

Transversal
thematic The Culture 2030 Indicators
dimensions
1) Expenditure on heritage SDG2: Zero hunger
SDGO6: Clean water and sanitation
2) Sustainable management SDG11: Sustainable cities and
of heritage communities
Environment & i) gliinatel ;;da%tgtion & resilience irll)diﬁd Rz;p;insible consumption
B ultural tacilities u
Resilience ) SDG13: Climate action
SDG14: Life below water
5) Open space for culture SDG15: Life on land
SDG16: Peace, justice and strong
institutions
6) Culture in GDP
7) Cultural employment .
8) Cultural businesses SDGS8: Decent work and economic
. - growth
e e N
’ : goods SDG11: Sustainable cities and
sctvices - communities
11) Public finance for culture
12) Governance of culture
13) Education for Sustainable SDG#4: Quality education
Knowledge & Skills | Development SDG8: Decent work and economic
14) Cultural knowledge growth
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Transversal
thematic The Culture 2030 Indicators
dimensions
15) Multilingual education SDGY: Industry, innovation and
16) Cultural & artistic education infrastructure
SDG12: Responsible consumption
17) Cultural training and production
SDG13: Climate action
18) Culture for social cohesion SDGY: Industry, innovation and
19) Artistic freedom infrastructure
Inclusi 20) Access to culture SDG10: Reduced inequalities
nelusion & icipati SDG11: Sustainable cities and
Participation 21) Cultural participation POt
communities
22) Participatory processes SDG16: Peace, justice and strong
institutions

Source: UNESCO, 2019.

The connection between digital and hybrid business models in the creative industry
and their contribution can be viewed in the direction of achieving SDG:13, as well
as, other related SDGs. Considering that SDG 13 is part of two cross-cutting
thematic areas Culture 2030, the impact on reducing carbon dioxide emissions will

be significant.

4.1 New Business Models in the Creative Industries: Key

Recommendations
The paper highlights the following key insights and recommendations:

1) The transformation of business models through digitalization fosters the
emergence of hybrid models that combine different revenue sources,
distribution channels, and forms of collaboration (e.g., partnerships with

telecom operators, direct donations from users).

Digital collaboration and platforms create new forms of value but also present
challenges, such as, unequal revenue distribution and a low degree of hybridization
in certain sectors. Hybrid models represent a potential for bridging the gap between
large digital platforms and small creative businesses, fostering a more balanced

cultural development.

2) The use of the cultural cycle enables viewing creative production as a

dynamic and multi-phase process that, also, includes intangible values,
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which has significant implications for preserving cultural identity and local
creative economies.

3) Creative industries as a transversal actor in achieving the Sustainable
Development Goals (Agenda 2030), with a particular focus on contributing
to SDG 8 (decent work and economic growth) and SDG 12 (sustainable
consumption and production). The connection with the 2030 Agenda is
reflected in the contribution of the creative industries to economic growth,
inclusion, digital literacy, and the preservation of cultural identity.

4) 'The proposed analytical approach and identified recommendations can
serve as a basis for developing strategies that promote fairer value
distribution in the digital environment, strengthen institutional support for
small creative businesses, and shape inclusive cultural policies. Further
research should focus on developing quantitative models to measure the
impact of new business models on sustainability, as well as on mapping the

challenges faced by small creative firms in the digital age.
5 Conclusion

The paper builds upon the concentric circles model, emphasizing the pivotal role of
the creative industries in driving growth and innovation across various sectors of the
economy. Digital transformation, far from diminishing the relevance of business
models in the creative sector, has acted as a catalyst for their evolution.
Contemporary business models are increasingly structured around value chains that
underline sectoral interconnectedness, strategic partnerships, and the development

of digital functionalities.

There are differences between economic and creative value flows, which determine
the direction of development in creative industries. Diversification and collaboration
enable the creative industries sector to adapt to changing business conditions.
Moreover, new hybrid business models are being developed, characterized by greater
diversification in terms of revenue sources. A higher level of digitalization should be
followed by a higher degree of hybridization. However, there is a part of the creative
industries characterized by lower levels of diversification, which gives the industry
the possibility of combining traditional and digital payment sources. Additionally,
market distortion in the form of gaps in the unequal distribution of value will need
to be addressed with a stronger institutional framework in the EU.
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The relationship between the creative industry and the 2030 Agenda is described as
transversal, but it can also be viewed in the context of concentric circles, as the
contribution exists but is not the same across all segments of the industry. Digital
business models and the ongoing transition of creative industry operations to digital
platforms are poised to significantly contribute to the sustainable transition.
Additionally, within the cultural industry, principles and areas have been developed
that should contribute to the achievement of the SDGs. Twenty-two principles have
been defined within four thematic areas as support for the culture sector in inclusive
and sustainable development. Digital business models in the creative industry, and
the transfer of business activities to digital platforms, will greatly contribute to the
achievement of the sustainable transition and SDGs, especially SDG 13, the

quantification of which is expected in the future.
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Achieving academic excellence requires exceptional dedication,
long-term work, and continuous education. The synergy with new
techniques, technologies, and trends, the dissemination of
knowledge, the development of new curricula, and universities as
drivers of innovation are part of the helix model. Universities
should provide knowledge and contribute to the development of
skills for applying digital transformation and Al. Education for
sustainable development should be one of the main priorities in
line with SDG 4, which focuses on quality education. The
objectives of the research in this paper are:
1. The significance of universities and the key components
of their contribution to achieving the SDGs,
2. The contribution of universities to achieving SDG 4, and
3. A comparative analysis of implemented activities and
programs that promote learning about sustainable
development and digital transformation: Faculty of
Contemporary Arts, Serbia, and Faculty of Economics
and Business, Maribot.
The methodological framework of the research is based on a
qualitative approach through the use of a case study, which
enables an in-depth analysis of educational practices and
management strategies, in the context of education for
sustainable development within specific higher education

institutions.
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1 Introduction

The concept of sustainability is often narrowly interpreted as solely environmental
sustainability. However, in alignment with the Sustainable Development Goals
(SDGs), it is essential to adopt a broader understanding that encompasses economic,

social, and societal dimensions.

The SDGs and the Agenda of sustainable development present a unique opportunity
for all stakeholders—both nationally and globally—to actively contribute to a more
sustainable future. Within this framework, the social responsibility of higher
education institutions (HEIs) plays a pivotal role in driving the transition towards
sustainability. From an institutional petspective, universities are uniquely positioned
to develop innovative educational approaches that foster interdisciplinary and

inclusive learning while addressing pressing global challenges.

Education has been recognized as one of the most powerful tools for tackling the
sustainable development challenges that have emerged throughout the 20th century,
including climate change, poverty, and inequality (Lutz et al., 2014). In this regard,
universities contribute significantly to the SDGs, particularly SDG 4, which
emphasizes that education should ensure all learners acquire the knowledge and
skills necessary to promote sustainable development (UN, 2015). The role of
education is thus to provide inclusive, high-quality learning opportunities while

fostering lifelong learning.

Universities are increasingly designing curricula and cultivating educational cultures
that align with and advance the achievement of the SDGs. This transformation of
educational curricula is occurring through multiple stages and represents a

foundational aspect of a new educational culture within higher education.

Higher education institutions such as the Faculty of Economics and Business
(University of Maribor) and the Faculty of Contemporary Arts (Belgrade) exemplify
how higher education can contribute to the realization of the SDGs through quality

education and innovative academic practices.
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2 Universities as drivers of sustainable education and achieving SDGS

The role of universities as key drivers and agenda-setters in sustainable development
has been recognized in numerous documents, strategies, and tools for promoting
progress. Educational innovations include collaboration with all relevant
stakeholders, the development of strategies for curriculum changes, institutional and
educational leadership, and the creation of a sustainable institutional culture.
Transformative changes occur within paradigms based on repeated and dynamic

interactions between all actors.

The quadruple helix model highlights the importance of science and universities in
the societal system, while an irregular spiral approach shows how sustainable science
can be encouraged by involving all interested stakeholders. The quadruple helix
model recognizes the key change agents in four spheres: business, community,

government, and science (Carayannis & Campbell, 2009) (Graph 1).

Business Community

Government Science

Graph 1. The quadruple helix model
Source: Carayannis & Campbell, 2009.



9™ FEB INTERNATIONAL SCIENTIFIC CONFERENCE: SUSTAINABLE MANAGEMENT

268
IN THE AGE OF ESG AND Al: NAVIGATING CHALLENGES AND OPPORTUNITIES

According to the quadruple helix model, the key stakeholders in these four areas are:

— Business: Local enterpreneurs and National and international corporations,
— Community: Citizens, Professional asociations, Interest groups and NGOs,
— Government: Local, Regional and Nacional and

—  Science: Universities, Think tanks and Other knowledge producers.

The tool for implementing sustainability science and involving all relevant
stakeholders can be based on an irregular spiral approach, which shows how to
transform the current society into a future sustainable society by repeating five basic
steps (Boehm, 2000):

Co-realization of a common problem
Co-envisioning futures
Co-shaping into envisioned future society

Co-implementation and

SN

Monitoring and evaluation.

The downside of the spiral model is that it does not identify key holders of
educational integration, but it emphasizes the importance of collaboration and

integration towards the future sustainable transformation of society.

In the context of sustainable development, universities are expected to provide
institutional and educational leadership. Academic professors think beyond
traditional frameworks, applying problem-based and project-based teaching, and
facilitating the transformation process. In such an environment, students learn to
conceptualize, design, implement, and manage projects (Crawley et al., 2014). A
transition higher institution into a sustainable higher institution goes through the
following phases (Galan-Muros, 2023):

—  Stage 0: Conceptual alignment and rationale
— Stage 1: Awareness raising

—  Stage 2: Leadership commitment

— Stage 3: Stakeholders engagement

—  Stage 4: Strategy design and draft
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— Stage 5: Knowledge provision

—  Stage 6: Current initiatives mapping

— Stage 7: Future initiatives prioritization
—  Stage 8: Resources provision

— Stage 9: Implementation and

— Stage 10: Long-term sustainability.

This model, like the previous, emphasizes the need for institutional change within
the university during its transition to sustainability. Additionally, the model
highlights the importance of top leadership at the university, which will be a crucial
factor in driving the transition to a sustainable model. The concept of sustainability
becomes a shared value among leaders and all employees, and its development is
based on the principle of continuity. The change in the teaching curtriculum is also
an important part of the university’s transformation, and according to this model, it
refers to the design of programs and courses related to the SDGs, as well as, the
training of teachers on how to integrate the SDGs into their teaching.

The model distinguishes three types of sustainability that universities should
consider when developing and implementing projects related to the transition to a
sustainable university: financial sustainability, sustainable business and

organizational sustainability.

Financial sustainability is achieved when a university’s sustainable transformation
project continues to operate after the planned end date by utilizing new sources of
funding. Sustainable business refers to the continuation of the project beyond its
planned conclusion, thanks to the new sources of income generated by the project.
Organizational sustainability represents the day-to-day functioning of the

implemented solution, which continues to operate even after the project ends.

To achieve these forms of sustainability, it is necessary to create a long-term
sustainability plan, find new sources of funding, and integrate sustainable practices

into the university’s everyday operations.



9™ FEB INTERNATIONAL SCIENTIFIC CONFERENCE: SUSTAINABLE MANAGEMENT

270
IN THE AGE OF ESG AND Al: NAVIGATING CHALLENGES AND OPPORTUNITIES

3 Teaching models and strategies contributing to sustainable

development in universities

New innovative educational solutions emerge as a result of the transformative
change in higher education. These new educational solutions are the outcome of the
synergistic effect of changes within universities related to curriculum adjustments
and global changes driven by the development of education for sustainable

development.

Within universities, changes in educational culture and the understanding of learning
take place, with curriculum revision at the heart of these transformations. This
process requires a strategic approach through strategies of addition, integration, and
reconstruction (Kolmos et al., 2016).

The "addition" strategy involves incorporating more active learning into existing
courses. It is the most common approach for transitioning to student-centered
learning, evident through active learning strategies at the course and lecture levels in
both literature and practice. The "integration" strategy connects existing courses
with skills and competencies related to project management, collaboration, and
strategic curriculum change. The "reconstruction" strategy refers to restructuring at
the systemic level by establishing new institutions or programs that include technical
knowledge and professional competencies. This approach facilitates all forms of

active learning, including open-ended projects.

Globally, the implementation of the 2030 Agenda and the pursuit of quality
education have accelerated the advancement of Education for Sustainable
Development (ESD) (UNESCO, 2019). ESD promotes actions aimed at fostering a
more sustainable world by encouraging inquiry and empowering individuals to adopt
sustainable practices (Tilbury & Wortman, 2004). Like the previously described
models, ESD emphasizes the creation of curricula and learning environments that

cultivate responsible and sustainability-oriented behavior in students.

Transformed learning models now include active classroom engagement, as well as,
problem- and project-based learning. These models combine online and face-to-face
instruction, incorporating active learning techniques to enhance student

engagement. Practice-oriented learning often involves problem-and project-based
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learning and includes professional practice, industry projects, entrepreneurship, and
innovation hubs. Supporting structures such as: formal training programs, user
forums, mentoring, and implementing mentoring programs and individual coaching,

play a key role in facilitating the transition of universities toward sustainability.

The model based on the integration of engineering and technology emphasizes the
critical role of these two elements in achieving the SDGs (UNESCO, 2010). In
Sweden, higher education policy mandates that engineering students acquire

knowledge and competencies related to sustainabilitys (Holgaard et al., 2016).

Universities worldwide are actively developing initiatives aligned with to education
for sustainable development. At Aalborg University, megaprojects hhave been
implemented to address sustainability challenges through project-based learning.
Drawing on a multidisciplinary approach to solving sustainable development
challenges, students collaborate on a single sustainability issue, such as addressing
household waste, but each contributes from their own discipline (Routhe et al.,
2020).

At the National University of Colombia, the PEAMA program (Special Program for
Admission and Academic Mobility) was created to improve access to higher
education in rural and underprivileged communities and to support better
performance on entrance exams. The four-semester program covers areas such as

nursing, agricultural engineering, agronomy, veterinary medicine, and animal science.

In line with the university’s commitment to sustainable transition and achieving the
SDGs, a program has been developed SET4HEI, as an online free self-assessment
tool that allows institution to measure their contribution to each of the 17 SDGs
based on a a framework of 400 potential activities categorized across four
dimensions: Teaching and Learning, Research, Engagement, and Governance &
Administration (Galan-Muros, 2023).

31 Key recommendations for enhancing the management of ESD
The governance of ESD entails practical actions supported by integrating

sustainability into a university’s mission and vision, developing interdisciplinary

curricula, building the capacities of educators and students, and fostering
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collaboration with local communities, businesses, and global initiatives (UNESCO,
2010; UNESCO, 2019; Tilbury & Wortman, 2004; Kolmos et al., 2016):

1) Integrate sustainability into the university's mission and vision.

ESD should be embedded within institutional strategic planning and
policymaking, leading to the development of comprehensive action plans that
engage all sectors—teaching, research, and campus operations—reflecting a

model of responsible and holistic governance.

2) Develop interdisciplinary cutricula.

Institutions should revise existing cutricula to incorporate topics such as climate
change, ethics, and the circular economy, while also designing new programs
and modules that merge multiple disciplines, fostering systems thinking and

cross-sectoral competencies.

3) Strengthen institutional capacity and build educator competencies for ESD.
This includes providing professional development opportunities and training
for faculty to effectively deliver sustainability education. Promoting active
learning and student engagement supports the development of critical thinking

and problem-solving skills through tackling real-world sustainability challenges.

4) Foster collaboration with local communities and sustainability-oriented
businesses.

ESD should include partnerships with local stakeholders to facilitate knowledge

exchange and practical application. In addition, educational institutions are

encouraged to participate in global initiatives that support the achievement of

the Sustainable Development Goals (SDGs).

4 Contributions faculty of economics and business and faculty of
contemporary arts to the SDGS

Faculty of Economics and Business (Maribor) and Faculty of Contemporary Arts
(Belgrade) are higher education institutions with different study programs. However,
both institutions are dedicated to ESD and, through different activities, contribute
to the achievement of the SDGs, particularly SDG 4. Below is an analysis of one

selected activity from each institution: Intensive programme: Sustinablility in
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International Business (Faculty of Economics and Business) and Global Education
Week (Faculty of Contemporary Arts).

The Faculty of Economics and Business is dedicated to education and organized the
Erasmus Blended Intensive Program: Sustainability in International Business, held
in 2022 and 2023 (EPFM, 2023). The program combined theoretical lessons
(lectures and workshops) with a practical approach (visits to the Primorska region,
discussions, and analyses) to highlight the concept of sustainability in international
business and create conditions for building long-term sustainable and resilient socio-
economic environments. The program presented methods for implementing
sustainability into the business models of 14 companies, making a significant

conttibution to the Faculty of Economics and Business's ESD.

The multiple benefits and significance of the educational, business, and social

approach of the Sustainability in International Business program are:

—  Defined key themes of the program in line with ESD,

- Significant themes from the perspective of future opportunities and
cooperation with other institutions: Concepts of sustainable international
business; Sustainability in the value chain; Sustainability in international
marketing; Sustainability in international supply chains,

—  Key themes for the development of new projects: Concepts of international
business; Benefits and challenges of implementing sustainability in
international business operations,

- Key themes for the academic community: Promoters of sustainable
development; Green transformation as a sustainable practice in
international business; The problem of "greenwashing” and the importance
of consumer awareness; ESG reporting standards and reporting challenges;
Future perspectives of sustainable development and sustainable business;
Digitalization as a sustainable practice in international business; Approaches
and models for measuring sustainable business,

- Key topics for students in building an academic career: The concept and
importance of sustainable development; The concept of sustainability;
Economic, ecological, and social actors of sustainable business; Benefits
and challenges of implementing sustainability in international business

operations; Sustainability in the value chain; Examples of best practices in
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sustainable business by multinational companies; The impact of
sustainability on global competitiveness; Recognizing transformational
levers in business activities or corporate models in the context of
sustainability.

—  Applicability of the program framework for the Faculty's future activities
and

—  The program's best practice example as an encouragement for other higher

education institutions to plan and implement similar activities.

Faculty of Contemporary Arts contributes to numerous cutricular and
extracurricular activities to achieve Agenda 2030. In addition to the partnership with
the New European Bauhaus, in 2024, it was the only partner higher education
institution from Serbia, Global Education. The Global Education Week, as a
program of Global Education of the Council of Europe, was developed specifically
to raise awareness about global issues and promote global education as a key tool

for fostering solidarity, intercultural dialogue and sustainable development.

In the Global Education Week 2024, the Faculty participated with two activities:
"Digital marketing in the function of promoting global education" and "Education
for sustainable development through the prism of multimedia production”. Students
of MAS Creative Industries and MAS Management of Creative Industries
participated in the first activity. Students of the fourth year of BA Multimedia
production, participated in the activity "Education for sustainable development
through the prism of multimedia production". In addition to educational outcomes,
these activities are examples of encouraging young people through collaborative

learning to creativity and innovation, which improve the quality of education.
5 Conclusions

The paper presents the role of higher education in achieving the SDGs. Significant
efforts are being made to build sustainability as part of the institutional environment
of contemporary universities. This institutional environment implies the
transformation of curricula and teaching organization toward the application of
more active methods, problem-based, project-based, and collaborative teaching.

Universities contribute to the achievement of SDG4: Quality Education, by



B. Todorovié: The Role of Universities in Sustainable Transformation 275

modernizing teaching and preparing students to address global challenges, fostering

an educational culture, and creating educational innovations.

The paper presents the activities of two faculties, which serve as examples of good
teaching and educational practices that can inspire other faculties. These examples
demonstrate how higher education institutions can be at the forefront of achieving
sustainable development goals, particularly SDG 4, by creating innovative
educational approaches that tackle global issues while enhancing students' skills and

competencies for the future.
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1 Introduction

In today's world where globalisation is increasing rapidly, developments in
information and communication technologies have made it easier for businesses to
access international markets by crossing geographical borders. Cross-border e-
commerce has emerged as a business model that allows businesses to offer products
and services to consumers in countries where they are not physically located through
digital platforms (Li, 2019). With the COVID-19 pandemic, the global e-commerce
volume has shown a significant increase and reached 5.7 trillion dollars in 2022
(UNCTAD, 2023). This growth is expected to continue in the coming years.

Despite the vast opportunities offered by cross-border e-commetce, businesses face
various challenges when operating in this area. Language and cultural barriers are
among these challenges (Wang & Yang, 2020). The need to create content in
different languages, provide customer service, and develop marketing strategies in
line with local cultural characteristics pose significant barriers, especially for small

and medium-sized enterprises (Hsiao et al., 2018).

Artificial intelligence technologies offer new opportunities to overcome these
barriers. Al applications such as natural language processing, machine learning and
computer vision allow businesses to automate and optimise translation, content
creation, customer service and cultural adaptation processes (Davenport et al., 2020).
While these technologies enable businesses to operate more efficiently and
effectively in global markets, they also enable consumers to have a shopping

experience in their own language and in accordance with their cultural preferences.

The purpose of this study is to examine the role of artificial intelligence in eliminating
language and cultural barriers in cross-border e-commerce and to evaluate successful
applications in this field. The study seeks answers to the following research

questions:

i What are the main language and cultural barriers faced by businesses in
cross-border e-commerce?
ii.  What role do Al technologies play in overcoming these barriers?
fli.  What are successful Al applications in overcoming language and cultural

barriers?
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iv.  What are the challenges and solutions that businesses face in adopting Al-

enabled solutions?

This study aims to provide a comprehensive perspective for businesses, policy
makers and researchers operating in cross-border e-commerce. In this context, the
study follows a structure where first, the concept, development and current status
of cross-border e-commerce will be analyzed, followed by examining the linguistic
and cultural barriers faced by businesses. Then, the role of artificial intelligence in
overcoming these barriers will be analyzed, with specific Al applications in cross-

border e-commerce discussed through case studies.
2 Theoretical background and literature review
2.1 Cross-Border E-Commerce

Cross-border e-commerce involves commercial activities between buyers and sellers
in different countries through electronic platforms (Gomez-Herrera et al., 2014).
This model enables businesses to enter international markets at low costs. Its
development is linked to technological advances, increased internet penetration, and
improved logistics (Kawa & Zdrenka, 2016). McKinsey & Company (2022) projects
global cross-border e-commerce to exceed $1 trillion by 2026, driven by digital
technologies, smartphone usage, and interest in foreign products (Singh et al., 2020).
This trade model offers consumers wider product ranges and competitive prices,
while providing businesses revenue growth and market diversification (Kim et al.,
2017). The COVID-19 pandemic further accelerated its importance (Bhatti et al.,
2020).

2.2 Language and Cultural Barriers

Language barriers represent significant challenges in cross-border e-commerce,
requiring businesses to provide website content, product information, and customer
service in multiple languages (Cheng et al., 2019). Traditional translation methods
can be costly and inadequate for conveying language nuances (Gefen & Carmel,
2008). Zhang and Dodgson (2021) note that language barriers affect market entry

strategies, often limiting expansion to linguistically similar markets.
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Cultural barriers significantly impact consumer behavior. Hofstede's (2001) cultural
dimensions theory reveals how differences in individualism-collectivism, power
distance, and other dimensions shape consumer preferences. De Mooij and
Hofstede (2010) emphasize that cultural factors influence website design, visual
elements, and communication style. Hall (1976) distinguishes between high context
cultures (Japan, China) where visual elements and indirect communication prevail,
and low context cultures (USA, Germany) preferring direct communication.

Payment preferences also vary culturally (Capgemini, 2022).
2.3 Artificial Intelligence and E-Commerce

Artificial intelligence encompasses computer systems that mimic human intelligence
(Russell & Norvig, 2020). In e-commerce, Al improves customer experience,
operational efficiency, and strategic decision-making (Davenport et al., 2020).
Gartner (2023) reports that 75% of e-commerce businesses plan to invest in Al
technologies within three years, with significant focus on overcoming language and

cultural barriers.

Natural language processing (NLP) technologies facilitate translation, sentiment
analysis, and chatbot applications (Hirschberg & Manning, 2015). Advanced
language models like Transformers and BERT provide context-sensitive translations
(Devlin et al., 2019). Recommender systems analyze customer behavior and cultural

preferences to offer personalized product recommendations (Schafer et al., 2007).
3 Methodology

This study employs a qualitative research approach combining comprehensive
literature review with case study analysis to examine the role of Al in overcoming
language and cultural barriers in cross-border e-commerce. The research

methodology consists of two main components:

Literature Review: A systematic analysis of academic publications, industry reports,
and market research studies focusing on cross-border e-commerce, language and
cultural barriers, and artificial intelligence applications. Key databases and sources

included academic journals in marketing, e-commerce, and technology fields, as well
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as reports from organizations such as UNCTAD, Gartner, and McKinsey &
Company.

Case Study Analysis: Multiple case studies were examined to provide empirical
evidence of Al applications in cross-border e-commerce. The case selection

followed a purposive sampling approach to include:
Global e-commerce platforms (Amazon, Alibaba, and eBay)
Small and medium-sized enterprises from different regions and sectors

Data for case studies were collected from company reports, industry analyses, and
academic publications. The analysis focused on identifying Al technologies used,
implementation strategies, and measurable outcomes in terms of international sales,

customer satisfaction, and operational efficiency.

The data analysis process involved thematic analysis to identify patterns across
different cases and literature sources. This methodological approach allowed for
triangulation of findings from theoretical literature and practical applications,
enhancing the validity and reliability of the research results.

4 Results

Research findings show that Al technologies play an important role in overcoming
language and cultural barriers in cross-border e-commerce. The data obtained from
literature studies and case analyses reveal that the implementation of Al-supported

solutions has led to a a significant increase in international sales of businesses.
4.1 AI Applications in Overcoming Language Barriers

Neural machine translation (NMT) systems provide more natural and fluent
translations using deep learning algorithms (Wu et al., 2016). These systems offer
considerably higher translation accuracy and significantly faster translation speed
compared to traditional translation methods (Martinez et al., 2022). They show
superior performance especially in the translation of technical product descriptions

and texts containing industry-specific terminology.
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Businesses operating in the e-commerce sector use NMT systems to translate
website content, product descriptions, customer reviews, and marketing materials.
eBay's Al-assisted translation system allows sellers to automatically create product
listings in different languages. Research shows that cross-border sales increased with

the implementation of this system (Brynjolfsson et al., 2019).

Multilingual content creation and management systems automate the process of
producing original content for different markets. Al-based content creation tools
can produce content with appropriate tone, style and cultural references for a

specific market (Kumar et al., 2021).

Al-powered chatbots and virtual assistants offer 24/7 support to customers in their
own language. These systems have the capacity to understand customer inquiries,
create appropriate responses, and direct them to human agents when necessary
(Folstad and Brandtzaeg, 2017). They can answer customer queries with high level of

accuracy and reduce customer support costs by considerable improvement.
4.2 AI Applications in Overcoming Cultural Barriers

Culturally responsive recommendation systems provide personalised product
recommendations by taking into account customers' cultural preferences, values and
shopping behaviour. These systems increase customer engagement rates by 25% on

average (Kumar et al., 2021).

Cultural adaptation of website and application interfaces is optimized through Al-
supported A/B tests and user behaviour analyses. These analyses measure the impact
of elements such as colour schemes, visuals, navigation structure and content layout

on users from different cultures (Reinecke and Bernstein, 2013).

Cultural detection algorithms identify cultural sensitivities and potential cultural
misunderstandings in marketing materials. By analysing how cultural elements such
as symbols, colours and gestures in images are perceived in different markets, these
algorithms prevent the publication of culturally inappropriate content (Johnson et
al., 2018).
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The optimization of payment methods and delivery options according to the cultural
context is performed by Al algorithms. These algorithms analyse the preferred
payment methods and delivery expectations in each market and offer the most
suitable options (Capgemini, 2022).

4.3 Case Studies Findings

Global e-commerce platforms demonstrate significant success with Al

implementations:

Amazon: Using Al Translate service for 55 languages and culturally-adapted
recommendation algorithms resulted in a 22% increase in international revenues in
2022 (Amazon, 2023).

Alibaba: The ET Brain system offering real-time translation in 16 languages and
AliMe chatbot increased customer satistaction by 35% (Liu et al., 2020), enabling

AliExpress to operate in more than 220 countries.

eBay: Implementation of Al-supported translation system increased cross-border
sales by 17.5% in Latin America and 13.1% in Europe (Brynjolfsson et al., 2019).

SME:s also achieved remarkable results:

Wanderlust (Denmark): Using neural machine translation for 8 languages led to a

42% increase in international sales and 23% increase in customer satisfaction.

Naturali (Italy): Al-powered culturally-sensitive email marketing campaigns in 5

languages increased email open rates by 35% and conversion rates by 28%.

SnackWorld (Singapore): Al-powered cultural analysis system resulted in a 75%

increase in international sales over two years.
5 Discussion

The findings of this study highlight several key insights about the role of Al in

overcoming language and cultural barriers in cross-border e-commerce.
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First, Al technologies demonstrate a clear positive impact on international sales,
customer engagement, and operational efficiency. The consistent improvements
across different sized businesses and diverse geographical regions suggest that Al
applications have broad applicability in cross-border e-commerce, regardless of

business scale or market context.

Second, the success of Al implementations depends significantly on several
common factors identified across case studies. These include: (1) focus on data
quality with high-quality and diverse training data; (2) continuous improvement with
regular monitoring and refinement; (3) human-machine cooperation that balances
automation with human oversight; (4) cultural sensitivity in system design; and (5)

integration with existing business systems and processes.

Third, despite the promising results, businesses face significant challenges in
adopting Al solutions. These include cost barriers (especially for SMEs), technical
capacity limitations, data privacy concerns, and risks of cultural bias. The findings
suggest that cloud-based Al services, industry-specific solutions, and training
programs can help overcome these challenges. However, more research is needed

on cost-effective Al implementation strategies for smaller businesses.

Fourth, the findings highlight the importance of an integrated approach to
overcoming language and cultural barriers. Rather than viewing Al as a standalone
solution, successful businesses integrate it into their broader internationalization
strategies. This integrated approach allows for more effective adaptation to different

market contexts.

Finally, the ethical implications of Al in cross-border e-commerce merit careful
consideration. Issues of data privacy, algorithm transparency, and potential cultural
biases in Al systems require attention from both businesses and policymakers. The
long-term success of Al in cross-border e-commerce will depend on developing

ethical frameworks and standards that build consumer trust.
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6 Conclusions

This study reveals that artificial intelligence (Al) technologies play an effective role
in overcoming language and cultural batriers in cross-border e-commerce. Al
applications such as neural machine translation, natural language processing, cultural
analysis algorithms, and personalization systems enable businesses to reach
consumers of different languages and cultures more effectively, significantly

improving customer experience.

Research findings demonstrate that the implementation of Al-enabled solutions
leads to notable improvements in international sales, customer satisfaction, and
operational efficiency. These technologies particularly empower small and medium-

sized enterprises (SMEs) to access global markets and gain competitive advantages.

However, several limitations must be acknowledged. First, the findings are primarily
based on selected successful case studies, which may introduce a positive bias and
limit the generalizability of the conclusions. Stronger statistical validations across
broader datasets are necessary to confirm the observed impacts robustly.
Additionally, Al-related risk factors—including data privacy breaches, algorithmic
bias, and potential cultural homogenization—require thorough examination. Ethical
concerns regarding transparency, fairness, and accountability also need to be

systematically addressed.

When evaluating overall strategies, integrating language and cultural considerations
into the broader business strategy is critical for maximizing the effectiveness of Al
technologies in cross-border e-commerce. Prioritizing data quality, ensuring diverse
and comprehensive datasets, and adopting hybrid models based on human-machine
cooperation are vital for enhancing system performance and ensuring culturally

sensitive adaptations.

Moteover, promoting SMEs' access to Al technologies through financial incentives,
training programs, and technical support mechanisms will be essential to fostering
digital transformation. Legal frameworks encouraging responsible data sharing and
sectoral collaborations must balance innovation with data privacy and security

protection. The development and international harmonization of ethical Al
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frameworks, based on principles of transparency, fairness, and accountability, will

play a crucial role in building sustainable, consumer-trusted digital economies.

Suggestions for future research include: (i) Examining the long-term effects of Al-
supported language and culture solutions, (i) Comparative analyses of Al
applications in different sectors and markets, (i) Developing new generation
language models and cultural adaptation algorithms, (iv) Investigating ethical and

privacy issues in Al technologies.

Artificial intelligence technologies offer revolutionary opportunities to eliminate
traditional barriers in cross-border e-commerce. Their effective, ethical, and
culturally sensitive use will be key to enhancing the global competitiveness of
businesses and providing consumers with more personalized and locally resonant

expetriences.
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1 Introduction

The rapid adoption of Al tools, particularly generative Al like ChatGPT, is reshaping
digital interactions and work environments. ChatGPT, one of the most widely used
Al applications, has gained significant traction among Generation Z due to its
versatility in generating human-like responses across various domains (Paul et al.,
2023). While existing studies have explored factors influencing Al adoption using
the UTAUT2 model (Venkatesh et al., 2012), limited research has examined the
moderating role of experience in shaping these relationships. This study addresses
this gap by analysing how user experience influences the predictors of ChatGPT
adoption among Generation Z in Croatia. Building on previous findings that
identified habit (HT), performance expectancy (PE), hedonic motivation (HM), and
social influence (SI) as key drivers of adoption (Bilo§ & Budimir, 2024; Strzelecki,
2023; Nikolopoulou et al., 2020), this research investigates whether these effects vary
depending on users’ prior engagement with Al technologies. By applying
moderation analysis, the study provides insights into whether beginners,
intermediate users, and experienced users exhibit different behavioural patterns in
Al adoption. Understanding these differences is crucial for businesses, educators,
and policymakers aiming to optimize Al-driven solutions for diverse user segments.
The findings contribute to the ongoing discussion on Al acceptance by highlighting

experience as a key contextual factor in technology adoption.
2 Theoretical Background

The Unified Theory of Acceptance and Use of Technology 2 (UTAUT?2) is one of
the most comprehensive models for explaining technology adoption, expanding on
the original UTAUT by incorporating consumer-centric variables (Venkatesh et al.,
2012). The model includes performance expectancy (PE), effort expectancy (EE),
social influence (SI), facilitating conditions (FC), hedonic motivation (HM), price
value (PV), and habit (HT) as key determinants of behavioural intention (BI) and
actual usage (USE). Numerous studies have validated UTAUT2 in different
technology contexts, demonstrating that habit, performance expectancy, social
influence, and hedonic motivation are among the most significant predictors of
adoption (Strzelecki, 2023; Nikolopoulou et al., 2020; Cabrera-Sanchez et al., 2021;
Garcia de Blanes Sebastian et al., 2022). In the context of Al-powered applications,

recent research has explored factors influencing the adoption of chatbots and
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generative Al tools such as ChatGPT. Paul et al. (2023) highlighted how Al-based
chatbots enhance productivity and information retrieval, while Sugumar and
Chandra (2021) emphasized the role of effort expectancy and perceived usefulness
in Al adoption. However, existing studies typically analyse these predictors in a
generalized manner, assuming their influence is uniform across all user groups. This
approach overlooks, to some extent, that experience is crucial in shaping user

perceptions and behavioural patterns in Al adoption.

Experience, defined as the extent to which users have interacted with a technology
over time, has long been recognized as an important moderating factor in technology
acceptance models (Venkatesh et al., 2003). The Technology Acceptance Model 3
(TAM3) explicitly included experience as a moderator of perceived ease of use and
behavioural intention (Venkatesh & Bala, 2008), while later studies confirmed that
experienced users develop automatic behavioural patterns, relying more on habit
(HT) and intrinsic motivation (HM) than on external factors such as social influence
(SI) or facilitating conditions (FC) (Cintron, 2022; Xian, 2021). Conversely, less
experienced users are more likely to be influenced by social norms (SI) and perceived
ease of use (EE), as they require external validation and support to build confidence

in new technologies (Cabrera-Sanchez et al., 2021; Alalwan et al., 2017).

This study builds on these insights by examining experience as a moderating variable
in the adoption of ChatGPT among Generation Z in Croatia. By investigating how
experience influences the strength of relationships between UTAUT?2 predictors and
behavioural intention, this research aims to fill a critical gap in Al adoption literature.
The findings will contribute to a deeper understanding of how different user
segments interact with Al, offering practical insights for developers, businesses, and

educators seeking to optimize Al-driven solutions based on user experience levels.
3 Methodology

This study employs a quantitative research approach using survey-based data
collection to analyse the moderating effect of experience on the predictors of
ChatGPT adoption. The research follows the extended UTAUT2 model (Venkatesh
et al., 2012; Gansser & Reich, 2021), incorporating performance expectancy (PE),
effort expectancy (EE), social influence (SI), facilitating conditions (FC), hedonic
motivation (HM), price value (PV), habit (HT), and personal innovativeness (PI) as
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independent variables influencing behavioural intention (BI). Experience is

examined as a moderating variable, categorizing users into three groups:

—  Beginners (tried ChatGPT but used it for less than a month),
— Intermediate users (used ChatGPT for more than a month but less than
three months),

—  Experienced users (used ChatGPT for more than three months).

The data was collected using an online survey distributed via the Alchemer platform,
targeting Generation Z respondents (born 1997-2010) in Croatia. A total of 1,159
responses were collected, of which 694 valid responses were retained for analysis
after removing incomplete and disqualified responses. The sample consists of 43.7%
females and 56.3% males, with 50.7% being students, 29.1% balancing study and
work, and 13.8% employed full-time. ChatGPT experience levels include 45.1%
beginners, 36.0% intermediate users, and 18.9% experienced users. The survey
instrument was adapted from previous UTAUT2-based studies (Venkatesh et al.,
2012; Gansser & Reich, 2021) and measured all constructs using a seven-point Likert
scale (1 = "strongly disagree" to 7 = "strongly agree"). The PE, EE, SI, FC, HM,
PV, HT, PI, and BI survey items were based on validated scales used in Al adoption
research (Garcia de Blanes Sebastian et al., 2022; Strzelecki, 2023). The study
employed several statistical techniques to ensure wvalidity and reliability.
Confirmatory Factor Analysis (CFA) is used to verify construct validity and factor
structure, and Hierarchical Linear Regression (HLR) is used to examine the direct
effects of UTAUT?2 predictors on BI. Moderation Analysis was employed to test
whether experience significantly moderates predictor relationships with BI, while
Cronbach’s alpha and composite reliability (CR) were used to assess the internal
consistency of constructs. All statistical analyses were conducted using JASP and
Jamovi (JASP Team, 2022; The Jamovi Project, 2022).

4 Results

The dataset consists of 694 valid responses from Generation Z users in Croatia.
Table 1 (Appendix) presents the means, standard deviations, and reliability measures
(Cronbach’s alpha) for the main study variables. All constructs demonstrated high
internal consistency (Cronbach’s « > 0.75), confirming their reliability. The CFA
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results indicated a good model fit (y* = 1339.26, df = 398, p < 0.001; CFI = 0.935;
TLI = 0.924; RMSEA = 0.058; SRMR = 0.063). The factor loadings for all items
exceeded 0.60, supporting construct validity. A hierarchical linear regression (HLR)
was performed to test the direct effects of UTAUT2 predictors on behavioural
intention (BI). The model explained 65% of the variance in BI (R? = 0.65, p < 0.001).
The significant predictors were: Habit (HT, B = 0.409, p < 0.001), Performance
Expectancy (PE, 8 = 0.341, p < 0.001), Hedonic Motivation (HM, 3 = 0.243, p <
0.001), Social Influence (SI, B = 0.117, p < 0.001) and Personal Innovativeness (P,
B = 0.091, p < 0.001). Non-significant predictors included Effort Expectancy (EE,
p = 0.961), Facilitating Conditions (FC, p = 0.652), and Price Value (PV, p = 0.561).

Interaction elements were included in the regression model to examine whether
experience moderates the relationships between UTAUT?2 predictors and BI. The
key findings include:

— Habit (HT) X Experience (estimate = -0.077, p = 0.034) — significant
interaction, indicating that more experienced users rely less on habitual use
than beginners;

— Social Influence (SI) X Experience (estimate = -0.075, p = 0.061) — a
marginal interaction suggesting that SI may have a greater impact on BI for
beginners;

— Other interactions (PE, EE, FC, HM, PV, PI X Experience) were not
significant, indicating that these predictors function similarly across all

experience levels.

To conclude, HT is the most influential predictor of BI, and its effect is stronger for
beginners. Similarly, SI’s impact decreases with experience, indicating that social
influence matters more for beginners to some extent. PE and HM remain strong
predictors regardless of experience level. Experience does not moderate EE, FC,
PV, or PI, indicating that these factors do not change significantly based on user

expertise.

To further explore the role of experience, a one-way ANOVA was conducted to
examine whether mean scores for UTAUT2 predictors (PE, EE, SI, FC, HM, PV,
HT, PI) differ across the three experience groups (Beginners, Intermediate Users,
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Experienced Users). The results indicate significant differences across all predictors
(Table 2, Appendix). These findings confirm that experience significantly shapes
how users perceive key Al adoption factors, reinforcing its role as a critical

segmentation variable in Al adoption research.
5 Discussion

The findings of this study provide important insights into the role of experience as
a moderating factor in the adoption of ChatGPT among Generation Z. The results
indicate that the direct effects of the UTAUT2 predictors on Bl are robust, with HT,
PE, HM, SI, and PI showing significant positive relationships. In particular, Habit
emerged as the strongest predictor. However, the moderation analysis shows that
the effect of Habit on BI is not uniform across all experience levels. The significant
interaction between HT and experience (interaction estimate = —0.077, p = 0.034)
suggests that the positive influence of Habit on Bl is strongest among beginners and
diminishes as users gain more experience with ChatGPT. This finding implies that
while initial usage may be driven strongly by habitual behaviour, over time, the
additional impact of habit declines as users become motre proficient. Other factors
likely influence their overall behavioural intention. Similar patterns have been
observed in prior research, where the strength of habit as a predictor of continued

technology use tends to diminish as users develop more refined usage patterns and
internalize the technology (Venkatesh & Bala, 2008; Strzelecki, 2023).

The interaction between Social Influence and experience (interaction estimate = —
0.075, p = 0.061) is marginally significant, trending in the expected direction. This
indicates that SI may have a relatively stronger impact on BI for beginners compared
to more experienced users. This aligns with earlier studies highlighting that eatly
adopters often rely on peer recommendations and societal cues during the initial
stages of technology adoption (Cabrera-Sanchez et al., 2021; Alalwan et al., 2017).
In contrast, as users become more experienced, they appear to rely less on social

validation when forming their usage intentions.

In contrast to HT and SI, the interaction effects for the other UTAUT?2 predictors
(PE, EE, FC, HM, PV, and PI) were not significant. This suggests that factors such
as Performance Expectancy and Hedonic Motivation exert a relatively stable

influence on BI regardless of a user’s experience level. Thus, while these predictors
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are critical drivers of technology adoption, their effect does not appear to be affected
by prior experience with the technology.

Beyond its moderating effect, experience also influences how users perceive key
adoption factors, as evidenced by significant ANOVA results across all UTAUT2
predictors. More experienced users exhibit stronger habit formation, higher
performance expectancy, and greater enjoyment of ChatGPT compared to
beginners. On the other hand, beginners rely more on social influence and perceive
ChatGPT as more effort-intensive to use. Facilitating conditions and price value also
differ across experience groups, suggesting that resource availability and cost-benefit
perceptions shift as users become more accustomed to Al tools. These findings
suggest that expetience is a critical segmentation vatiable in Al adoption research,
reinforcing the need for tailored strategies that address the unique needs of

beginners, intermediate users, and experienced adopters.

The results of this study provide insights for businesses, educators, and Al
developers seeking to enhance Al adoption strategies. Since habit is crucial for
inexperienced users, Al applications like ChatGPT should encourage engagement
through gamification, personalization, and habit-forming design strategies (e.g.,
reminders, content recommendations). Since social influence is critical for beginners,
Al adoption campaigns should leverage peer testimonials, influencer endorsements,
and community engagement to attract first-time users. Understanding that
experience reduces the reliance on social influence suggests that Al literacy programs
should focus on building eatly familiarity with Al tools, enabling users to make

independent adoption decisions.

While this study offers valuable insights, several important limitations should be
noted. The sample consists exclusively of Generation Z users in Croatia, limiting
generalizability to other populations. Future studies should examine whether these
moderation effects hold across different generations and cultural contexts. In
addition, the study relies on self-reported survey data, which may introduce response
biases. Future research could integrate behavioural tracking data to validate self-
reported Al usage patterns. This study focused on experience as a moderator, but
future work could explore other potential moderators, such as education level or

personality traits.



9™ FEB INTERNATIONAL SCIENTIFIC CONFERENCE: SUSTAINABLE MANAGEMENT

296
IN THE AGE OF ESG AND Al: NAVIGATING CHALLENGES AND OPPORTUNITIES

6 Conclusions

This study examined the role of experience in Al adoption, focusing on its
moderating effect on key predictors of ChatGPT usage intention among Generation
Z. By applying the extended UTAUT2 model, the research confirmed that habit
(HT), performance expectancy (PE), hedonic motivation (HM), social influence (SI),
and personal innovativeness (PI) are the most significant factors influencing
behavioural intention (BI) to use ChatGPT. However, the study also demonstrated
that experience is a crucial variable that both moderates adoption behaviours and
differentiates user perceptions of Al adoption factors. The moderation analysis
demonstrated that while Habit (HT) is a key driver of BI, its relative influence is
more pronounced among less experienced users. Conversely, social influence (SI) is
more important for beginners, indicating that first-time usets rely on peer
recommendations and societal norms when adopting Al. Additionally, ANOVA
results showed significant differences across experience levels for all UTAUT2
predictors, further reinforcing the notion that individual predictors and prior user
exposure shape Al adoption. As Al tools continue to evolve, understanding how
different user segments interact with them is critical. This study underscores the
importance of experience in shaping Al adoption behaviours, paving the way for
more targeted and effective Al adoption strategies in business, education, and

technology development.
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Appendix

Descriptive Statistics and Reliability Measures

Construct Mean SD  Cronbach’s Alpha
Performance Expectancy (PE) | 525 | 1.22 0.84
Effort Expectancy (EE) 599 | 1.02 0.89
Social Influence (SI) 398 | 1.57 0.92
Facilitating Conditions (FC) 572 | 1.02 0.75
Hedonic Motivation (HM) 573 | 1.15 0.89
Price Value (PV) 491 | 1.27 0.88
Habit (HT) 2.84 | 1.63 0.89
Personal Innovativeness (PI) 436 | 1.59 0.86
Behavioural Intention (BI) 435 | 1.57 0.85

Source: Authors’ research

Descriptive Statistics and Reliability Measures

Construct ANOVA Key Finding
. F=90.02,p< Experienced users exhibit significantly higher

Habit (HT) 0.001 i hat?itual use compared to begginners. e

Social Influence (ST) F=4241,p< Beginpers rely more on social influence than
0.001 experienced users.

Performance F=06812,p < Experienced users perceive ChatGPT as more

Expectancy (PE) 0.001 useful than beginners.

Hedonic Motivation F =2546,p < | Experienced users derive more enjoyment from

(HM) 0.001 ChatGPT than beginners.

Effort Expectancy F=2222,p < | Beginners find ChatGPT more difficult to use than

(EE) 0.001 experienced users.

Facilitating Conditions | F =18.54,p < | Experienced users perceive better access to

(FC) 0.001 necessary resources.

Price Value (PV) F=29.59,p< Percc%vcd cost-benefit of ChatGPT varies across
0.001 experience levels.

Personal F=5131,p < | Experienced users are more willing to experiment

Innovativeness (PI) 0.001 with Al tools.

Soutce: Authors’ research
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Ensuring high-quality labour is crucial for companies, and socially
responsible employment practices play a key role in attracting and
retaining talent. This study examines the preferences of new
labour market entrants regarding corporate social responsibility
in employment. As organizations increasingly integrate CSR
strategies, understanding how these initiatives align with the
values of young professionals is essential for workforce
sustainability and organizational success. The research was
conducted in late 2024 and early 2025 through an online survey
targeting Hungarian university students studying economics and
business. The study explored students’ perspectives on various
socially responsible employment practices, such as benefits,
hybrid work options, career development opportunities, and
workplace atmosphere. Findings indicate that students prioritize
a supportive work environment and meaningful internal
communication. A strong positive correlation was observed
between key employment practices, confirming  their
interdependence. Gender differences emerged, with women
valuing benefits more than men. Entrepreneurial experience
influenced perceptions, as those without business experience
rated socially responsible employment practices as more
important. These insights can help companies tailor CSR policies
to better meet the expectations of young professionals, ensuring
both employee satisfaction and long-term business success.
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1 Introduction

It is crucial for companies to sustain high quality labour. One of the most important
contibuting factors are providing socially responsible employment. This study
explores the preferences of new entrants to the labor market regarding socially
responsible employment practices. As organizations increasingly adopt corporate
social responsibility (CSR) strategies, understanding how these practices resonate
with younger workers is crucial. By examining the attitudes of recent graduates and
job seekers, this research sheds light on the growing importance of sustainability,
ethical behavior, and inclusive practices in shaping employment decisions. The
findings contribute to the broader conversation on how companies can align their
policies with the values of the next generation of professionals, ensuring both

organizational success and societal well-being.
2 Literature review

Socially responsible employment can be defined by company practices and initiatives
that have a positive impact on the physical working environment and the
psychological well-being of employees (Turker, 2009). The World Business Council
for Sustainable Development defines employer responsibility as “[...] the
commitment of business to contribute to sustainable economic development,
working with employees, their families, the local community and society at large to
improve their quality of life.” (WBCSD, 2002). Since the 2010s the concept of
sustainability has increasingly taken over the role of responsibility, and the term
'sustainable work' was coined. This concept is used to describe the life and working
conditions that support workers active employment and engagement over the life
course (Eurofound, 2015).

Attracting the right number of suitable future employees and preventing employees
from leaving their jobs in a given period is becoming more and more challenging for
companies (Nijs et al., 2014) partly because of changing employee expectations and
workforce dynamics (Sparrow & Makram, 2015). University students, the new
entrants in the labour market some of whom are already employed or soon will be
searching for work are exceptionally important for employers in leading sectors,

especially IT & telecom and the services sector in general.
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According to an HR survey in Hungary (Randstad, 2024) 34% of companies were
planning to increase the headcount in 2024. Some fast-growing sectors, such as
power and utilities, I'T & telecom, BSS and the services sectors were especially keen
to attract new employees. High turnover is also often leading to employee
replacement. The most sought-after skills are IT/technology, engineering and
accounting/finance. The most frequent (88% of companies teported on this)
obstacle when recruiting is unrealistic salary expectations, but work-life balance
expectations are still relatively high (33%). Other HR challenges include retaining
top performers and employee development (72% of companies reported on this),
managing high turnover, ensuring employees’ mental health and aligning flexible

working-hours with the business needs.

Several employment surveys (Brandfizz, 2023; PwC, 2024) found that attractive
salary and benefit packages remain the top need when choosing a workplace and the
number one reason to switch workplaces. Among the Gen Z age range (between 18
— 24 years of age) 29% intended to switch and 19% switched workplaces in 2023
(Randstad, 2023). Besides base salary, work-life balance, supportive teams and
leaders, opportunities to learn and career development and meaningful, value-

creating work are the most important expectations for new entrants (PwC, 2024).

As the above survey results show both the demand, and the supply side of the labour
market have certain expectations, and it is crucial to make sure that they intersect.
In order to ensure intersection, companies need to measure their own socially
responsible employment practices. One of the most widely used tool is the labour
related disclosures of the GRI standard (Global Reporting Initiative [GRI], 2016).
The disclosures cover the most vital issues of employment such as
labour/management relations (402), occupational health and safety (403), training
and education (404), diversity and equal opportunities (405) and non-discrimination
(406). Indicators included in the disclosures specify the elements of socially
responsible employment practices. The most important indicators are company
communication, especially regarding major organizational changes; promoting
occupational health and safety and providing such services; the organization’s
investment in training and paid educational leave; ratio of basic salary and

remuneration of women and men.
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3 Methodology

The research took place in late 2024 and early 2025, during which an entreprencurial
questionnaire was used to find out about the entrepreneurial propensity of
Hungarian students studying economics and business at higher education level. The
students were able to access the questionnaire via the internet, and the questionnaires
had been compiled in line with GDPR regulations and the university's ethical
standards, so the answers could not be traced back to the respondents. Prior to the
study, a pilot survey had been conducted to see if students had a clear understanding
of the questions. The (35) students participating in the pilot study did not indicate
that they had any questions about the content of the questionnaire, so the questions
were sent out unchanged. The questionnaire included mainly close-ended questions,
typically composed of metric and categorical variables. As a metric scale, the 7-point
Likert scale was used. Since this is a proprietary questionnaire, the authors will also
report the results of the adequacy testing of the questions in the studies presented.

The compilation of the questionnaire is shown below.

Table 1: The structure of the questionnaire

Group 111
Group 11 ap Group IV
Group 1 . Participation in .
. . Entrepreneurial . Entrepreneurial
Sample specification - entreprencurial e
behaviour . characteristics
training
Characteristics of .
Gender . Out of class Entrepreneurial
own business . .
Age activities mindset
. In case of not . .
Level of education of the . . Curricular Entrepreneurial
owning a business, S . '
respondents . participation intention
. factors determining . . .
Do they have their own . Entrepreneurial Socially responsible
. entrepreneurial o
business? . . inspiration employment
intention

Soutce: authors’ own table

The questionnaire was distributed online, so it was not possible to measure
willingness to respond. 516 students have participated in the survey. At the time of
the survey, there were around 18 000 students studying at the university. To calculate
the minimum sample size, the researchers used the Yamane formula (Yamane, 1967),

which at the 95% confidence level was:

1. Formula (p=0.05)
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N= N
1 +N *(e?)

Source: Yamane (1967)

N=18 000 students, 18 000/ (1+18 000*0.05%0.05) =400. The total number of
respondents was higher, so the sample size can be considered adequate. The analysis
has been carried out by using SPSS version 29. Single and multiple sample tests were
used: frequency, mean, analysis of variance, cross-tabulation, correlation,

independent sample t-test.

In this short analysis, the researchers present the students' views on socially
responsible employment. The following research questions were formulated in

relation to the current study:

RQ1: What employment practices do students consider important in relation to
socially responsible employment?

RQ2: What is the relationship between these practices? Do they reinforce or weaken
each other?

RQ3: Is the perception of employment practices affected by gender, age and whether

someone has or has had a business?
4 Results

First, sample specifications are presented. Table 2 shows sample specifications:

Table 2: Sample specification (N,%)

Specifications N (person) )
Gender Male: 208 Male: 40.3
Female: 308 Female: 59.7
HEVT!: 166 HEVT: 32.2
Level of education BA: 309 BA:59.9
MA: 41 MA: 7.9
Do/Did the respondents have No: 438 No: 84.9
their own business? Yes: 78 Yes: 15.1

Source: authors’ own table

"HEVT — Higher Education Vocational Training
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The average age of respondents was 21.42 years, with a standard deviation of 1.74
years. The data in the table show that women are over-represented in the study.
More than half of those surveyed had not yet completed basic training and more
than 5 times as many had no entrepreneurial experience at the time of the survey.
Cross tabulation analyses showed that women and men differed significantly in
whether they had ever worked in their own business (Chi-square: 13.304 df: 1 sign.:
0.000 p<0.05). 77.9% of men and 89.6% of women had no such experience.
However, there was no significant difference in the dimensions of level of education
and own business (Chi-square: 5.792 df: 2 sign.: 0.055 p>0.05).

In the survey, students had to answer questions such as which socially responsible
employment practices they consider important for socially responsible employment.
They had to rate the importance of the concept on a seven-point Likert scale. The
value of one being 'not at all important’, and a value of seven being *very important’.
As it was mentioned eatlier, the questionnaire was not validated, so the reliability of
these questions was checked using a split half method. The Spearman-Brown
coefficient was 0.917, which was accepted as adequate by the authors. Table 3 shows

the mean and standard deviation of student opinions:

Table 3: Socially responsible employment practices (N, M, SD)

Socially responsible employment practices N M SD

Benefits 516 5.47 1.741
Hybrid work (such as flexible work) 516 5.61 1.573
Secure and pleasant physical work environment 516 5.78 1.540
Pleasant work atmosphere 516 5.82 1.590
Individual development and career plans 516 5.42 1.526
Health development plans 516 5.14 1.710
Meaningful and effective internal communication 516 5.85 1.564

Source: authors’ own table

The low value of the standard deviations shows that the students surveyed were
unanimous in their opinions about the socially responsible practices. Students rated
a pleasant work atmosphere (M: 5.82) and meaningful and effective internal
communication (M: 5.85) most important while health programs were the least
important (M: 5.14). Benefits were rated as very important by 248, hybrid work by
248, a safe environment by 308, a pleasant working atmosphere by 328, individual
training and career plans by 203, health programmes by 175 and meaningful

communication by 336.
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The impact of these practices on each other has also been analysed. The correlation
analysis showed that these practices have a very strong positive correlation. A very
strong positive correlation was found, for example, between benefits and hybrid
work (r: 0.789), communication (r: 0.736), or pleasant work atmosphere (r: 0.799).
Similarly strong relationships were found between individual training and hybrid
work (r: 0.738), a secure physical work environment (r: 0.769), or communication (r:
0.779). It has been confirmed that all socially responsible employment practices
listed in Table 3 induced a positive correlation with each other in the study.

It has also been analysed whether the perception of these practices is influenced by

respondents' gender, age and entrepreneurial expetience.

By gender, the independent samples t-test for benefits only confirmed a significant

difference (t: -2.709 df: 404.129 p<0.05), with women feeling more strongly (M: 5.64)
than men (M: 5.21) about the importance of this.

The correlation test by age was only significant for communication, but even in this
case the r value showed only a very low positive correlation (r: 0.099 sign.? 0.025
p<0.05).

Finally, students' opinions differed for each practice in terms of entrepreneurial
experience, meaning that those who had not yet had a business considered the
options listed more important than those who already had one. Admittedly, these
results can only be treated with caution, as those with no entrepreneurial experience

were significantly over-represented in the sample.
5 Discussion and conclusions

This study explored the preferences of university students entering the labour
market regarding socially responsible employment practices. The findings indicate
that students prioritize a supportive and pleasant work atmosphere as well as
meaningful internal communication, suggesting that these factors play a crucial role
in their workplace expectations. A strong positive correlation was observed among
key employment practices, confirming their interdependence. Additionally, gender
differences were found, with women valuing benefits more than men.

Entrepreneurial experience also influenced perceptions, as students without
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business experience rated socially responsible employment practices as more

important.

The results align with previous research that highlights the growing importance of
socially responsible employment in attracting and retaining talent (Turker, 2009).
The literature emphasizes the need for companies to offer sustainable working
conditions to support long-term employee engagement (Eurofound, 2015), which is
consistent with our findings that students place high importance on a positive work
environment and career development opportunities. Additionally, prior studies
(Randstad, 2024; PwC, 2024) underline that attractive salary and benefits remain top
priorities for young workers, reinforcing our observation that benefits were
particularly important to female respondents. However, while the literature often
highlights work-life balance as a crucial factor (Sparrow & Makram, 2015), our study
found that students were more focused on internal communication and workplace
atmosphere. This deviation may be attributed to generational shifts in workplace

expectations or the specific cultural context of Hungarian university students.

Based on the findings, our broad practical recommendations for companies to tailor
their CSR policies to align with the expectations of young professionals by
prioritizing workplace atmosphere and effective internal communication strategies
to foster engagement and job satisfaction. Offering flexible work arrangements and

career development programs to enhance employee retention.

While the study provides valuable insights, certain limitations must be
acknowledged. First, the sample was limited to Hungarian university students
studying economics and business, which may limit the generalizability of the findings
to other disciplines or countries. Second, the survey relied on self-reported data,
which may introduce bias or social desirability effects. Future studies could expand
on this research by conducting comparative analyses across different countries and
academic disciplines to determine whether similar preferences exist in other cultural

and professional contexts.
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1 Introduction

Sustainable tourism development has resulted from rapid growth in the tourism
industry. As described by the United Nations Brundtland Commission, (1987:16),
sustainability involves addressing present needs "in a way that safeguards the ability
of future generations to meet their own". The United Nations World Tourism
Otrganization, in collaboration with UNEP (2005), emphasizes sustainable tourism
as an approach that fully considers its economic, social, and environmental effects,
both now and in the future, while aiming to meet the needs of tourists, the tourism
sector, local communities, and the natural environment (United Nation Toutism &
UNEP, 2005).

Cost-benefit analysis is critical tool in assessing the economic feasibility of tourism
investments and their alignhment with broader sustainable development objectives,
including environmental conservation, social inclusion, and long-term community
well-being (Banerjee et al., 2017). The CBA facilitates informed decision-making by
identifying the costs and benefits of investments in the tourism sector while
contributing to achieving the SDGs (Banerjee et al., 2017; Boardman et al., 2018;
United Nations, 2015).

This paper aims to evaluate the economic feasibility of investing in sustainable
tourism in Peja, Kosovo, through cost-benefit analysis (CBA). The development of
sustainable tourism seeks to balance economic, social, and environmental objectives
in a way that addresses the interests of both current and future generations. To this
end, the paper discusses how tourism investment can contribute to economic
development in the area while minimizing environmental degradation and local
community empowerment. Methodology for the present research consists of the
case study on the tourist sector of Peja with determining its advantages and expenses
through Net Present Value analysis. The evidence proves that the development of
tourism is economically worthwhile, emphasizing the fiscal importance thereof
along with demands towards including the implementation of sustainability for

tourist growth.
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2 Theoretical Background
Cost-Benefit Analysis of Sustainable Tourism Investment

In the early 2000s, the growth of mass tourism presented obvious challenges of
environmental degradation and cultural erosion for popular tourist destinations.
This further increased the need for proper planning and the creation of sustainable
policies. In the 2010s, studies and reports by scientists and environmental activists
highlighted that while tourism can bring economic benefits, it often has harmful
consequences for the environment, including increased waste and air and water
pollution (Kumar, 2016; Shield, 2019; Siménes et al., 2012; Unnisa & Bhupatthi Rav,
2012). With the 2030 Agenda for Sustainable Development (United Nations, 2015)
tourism has become even more important for contributing to sustainable
development. This highlights the responsibility of tourism to balance economic
benefits with environmental protection and social well-being, as is the focus of the
SDGs: economic growth, sustainable consumption and production, and ocean
conservation (Elgin & Elveren, 2024; Saarinen, 2020).

Today, during the 2020s and after decade, sustainable tourism is an international
priority. Governments and commercial organizations are instituting plans to
minimize the undesirable impacts of tourism, such as pollution and erosion of
biodiversity, along with promoting activities that maintain long-term gains. Before
the onset of the COVID-19 crisis, the travel and tourism sector accounted for 10.4%
of wotld GDP and financed 10% of world jobs (World Economic Forum, 2025).
Business travel alone generated over $1.4 trillion in world GDP, indicating the
industry's enormous economic contribution. World demand for international travel
is projected to grow 7% annually from 2024 to 2034, implying robust recovery and
future growth. However, environmental degradation and resource overuse remain
the key concerns in heavily visited destinations. Thus, sustainable natural resource
management and authentic local community involvement are needed to foster more

environmentally balanced and responsible tourism (World Economic Forum, 2025).

Hefner et al. (2001) stated that applying CBA helps government authorities assess
the value and potential impact of investments in tourism development. This can
ensure that public money is used effectively and in line with the SDGs. The authors’

examination of the South Carolina model proves that such evaluations are not only
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plausible but also critical to formulating economically productive, socially and
environmentally responsible, rational, transpatent, and sustainable tourism policies.
Based on two hypothetical projects, study shows that the benefits of public
investment in tourism sector exceed the costs. This makes it worthwhile to offer
different forms of support, such as lowering taxes to stimulate growth in this
industry. It can be deduced from this reasoning that there are positive effects to be
gained, as well as significant investment opportunities, by building infrastructure and
advertising tourism, which would help to advance the economy and development of
the country through job creation, higher wages, and improved living standards for
the people in the region.

Rezapouraghdam et al. (2018) employ cost-benefit analysis (CBA) to examine the
socio-economic impacts of educational tourism in Famagusta from the perspective
of local business people. The research identifies a number of benefits, including
economic growth, job opportunities, and the establishment of new businesses,
primarily induced by the presence of Eastern Mediterranean University (EMU) and
its international students. The real estate, banking, and insurance industries have also
experienced growth due to the influx of students. The research identifies economic
costs, including rising real estate prices, over-dependence on international students,
and increased competition among local businesses. The labor market was affected
by the employment of foreign students at lower wages, raising concerns about local
worker displacement. The authors emphasize the need for balanced policies that
consider both the benefits and challenges of educational tourism for sustainable

development.

Destek & Aydin (2022) in their research discussed the impact of tourism on
sustainable development in the 10 most visited countries according to the STIRPAT
(Stochastic Impacts by Regression on Population, Affluence, and Technology)
model. The authors examine the impact of drivers such as urbanization, energy
intensity, and tourism on a newly suggested sustainable development index from
1995-2015. Tourism is represented in their study by two proxies: tourist arrivals and

tourism receipts.

The study determines that although tourism, energy intensity, and urbanization
positively affect economic growth, they negatively affect sustainable development.

Specifically, the effects of these variables on the sustainable development index are
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adverse and significant. The results suggest that although tourism positively
contributes to economic growth, its adverse effects on other elements of sustainable

development outweigh its economic contributions

However, there is still mixed evidence in the literature on the appropriate methods
and techniques for assessing the economic impacts of tourism investments (Banerjee
et al., 2017; Boardman et al., 2018; Dwyer et al., 2016). According to Dwyer et al.
(2016) Economic Impact Analysis and Cost-Benefit Analysis may give contradictory
results, as economic impacts do not always translate into net benefits. An important
topic in the research to date addressing the issue of harmonization between EIA and
CBA (Banerjee et al., 2017; Boardman et al., 2018; Dwyer et al., 2016; Hefner et al.,
2001; Saarinen, 2020). Banerjee et al. (2017) analysed tourism investment by
combining two key methods, Computable General Equilibrium (CGE) and Cost-
Benefit Analysis (CBA), into a comprehensive framework for evaluating public
investments. It examines impacts from both a development bank’s and a
government’s perspective, including loan repayment over time. (Elgin & Elveren,
2024; Hefner et al., 2001) in their study, were using the Net Present Value method
within the cost-benefit analysis, which helps harmonize EIA and CBA and provide

comparable estimates for policymakers.

Vanhove (2013), highlights the importance of proper investment appraisal methods
in tourism, where the public sector is usually engaged in project financing. Social
Cost-Benefit Analysis (CBA) use is necessary, particularly when considering broader
macroeconomic effects and externalities of tourism infrastructure projects. Contrary
to traditional investment procedures focusing on private returns and costs, CBA
considers all social returns and costs, e.g., environmental impacts and non-market
values like consumer surplus. The research also emphasizes using accurate valuation
techniques, such as the Travel Cost Method and Contingent Valuation Method, to
improve the estimation of tourism project economic and social gains. Lastly, CBA
offers an integrated framework for measuring the long-run and extensive
consequences of tourism investments in a manner that guarantees society derives
the most benefits without any unwanted externalities. This method gives valuable
feedback to decision-makers, particularly about ensuring that investments are

financially viable and socio-beneficial to the general population.
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3 Methodology

This study employs a case study approach to demonstrate the procedutre for
evaluating tourism investments, a common topic in literature. It uses a cost-benefit
analysis, including Net Present Value (NPV), to assess the feasibility of investing

in Peja’s tourism sector.

The investment cost data for the tourism project were sourced directly from the
Office of the Tourism Director in Peja and include expenditures for infrastructure,
facilities, marketing, and administrative setup. To estimate revenue, we calculated
total tourist spending by multiplying the projected number of tourists by the average
number of nights each tourist stays and the average daily spending per tourist. The
average daily spending was derived from Erasmus+ "cost of stay" standards,

providing a standardized and realistic estimate of tourist expenditures in the region.

The discount rate of 3.2% is derived from Kosovo's T-bill rate and the Country
Risk Premium, reflecting the financial and economic conditions in Kosovo. Cash
flows from 2021 to 2024 are discounted using this rate. NPV was calculated manually
and with Excel’s NPV functions. Table 1.

The NPV method adjusts future income and expenses to 2025 euros by applying a
discount rate that includes the country risk premium. This allows for comparing
income and expenses in present terms. After adjusting, expenses are subtracted from
income to calculate the NPV, which helps determine if the investment is profitable.
A sensitivity analysis was conducted for the Net Present Value (NPV), considering
variations in the average spending per night by tourists, ranging from €80 to €100,
and adjusting for a country risk premium between 3.2% and 5%.

Cost benefit Analysis Methodology: Peja Example

Peja, or the Flower of Dukagjin, is a warm and welcoming city in western Kosovo,
nestled within the Rugova Mountains and Lumbardhi River. With 75% of its land
covered in flora as the gateway to Bjeshket e Nemuna National Park, it is little
wonder that Peja has a vibrant, youthful population. Renowned Olympic success in

judo and rich artistic heritage, Peja is a cultural treasure (https://pejatourism.org/).
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Figure 1: Trends in Tourist Arrivals in Pejé (2010-2024). Source: Author’s presentation based
on Kosovo Agency of Statistics data.

Figure 1. shows how the number of tourists in Pejé has grown from 2010 to 2024.
The data shows an increase from 2010 until 2014, then a sharp rise in 2015, and a
further rise with some fluctuations in the subsequent years. Notably, the number of
tourists was highest in 2024, as 203 077 tourists visited the place. This shows strong
post-pandemic recovery and potential for future growth in the tourism sector of
Pejé.

Table 1: Tourism Revenue and Key Metrics in Kosovo (2021-2024)

Average
spending per

Average R ey
Investments Numﬂbm Nights Total ~ OUStPer d‘.“ / Coun‘n) R{Sk
ot of : Nichts night according Premium for
€08 tourists per gt ERASMUS + Kosovo
Tourist . .
per Kosovo in
Euro
2021 92695 76,013 2.07 157,601 92 3.23%
2022 124000 74,039 3.01 222,652 92 3.23%
2023 228794 100,204 4.60 460,984 92 3.23%
2024 310000 203,077 291 591,674 92 3.23%

Source: Authot’s calculation based on data from Tourism department in Peja. Note: Investment cost per year
includes: expenditures for infrastructure, facilities, marketing, and administrative setup.
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This table 1 shows key tourism metrics in Kosovo (2021-2024), with stable trends
across most indicators. Total revenue, calculated using the average daily tourist
spending in Peja based on Erasmus+ cost of stay standards, increased

significantly each year, peaking in 2024.

Table 2: Discounted Cash Flow and Net Present Value Analysis for Tourism Investment

Investme

nt Cost FV Factor
)

14499 16,465,33 | 105,26
2021 92695 292 3.23 1.136 557 404
20483 22,533,68 | 136,40
2022 124000 984 3.23 1.100 453 798
42410 45,194,49 | 243,81
2023 228794 528 3.23 1.066 459 279
54434 56,192,22 | 320,01
2024 310000 008 3.23 1.032 546 3.00
NPV of Known 140,385,7 | 805,49
Investments 38.09 7.71
Total Value of other €2,800,000
investments
NPV of Unknown €2,983,801
Investments 21
€
" 8.09
€
Total NPV of 3.789,298.
Investments
92
€
Final NPV 136,596,43
9.17

Source: Author calculation based on data from Tourism department in Peja. Note: Other investments: Nera — New
Environment Revitalization Approach; NATUR KOSOVO the municipalities of Peja, Dec¢an, and Junik; Rural
Tourism — Turning our Villages into Tourism Destinations; Rural Tourism — Turning our Villages into Tourism
Destinations; Accursed Mountains — Exquisite Outdoor Destination; Cultural Heritage — Treasute of the Cross-
Border Region

Table 3: Sensitive Analysis

. 7

- 136,1?912439.17 Discount Rate
Price 3% 3.5% 4% 5%
80 € 11828525594 € 11890351550 | € 12005496145 | € 12238544432
8 €125914915.62 €126573,061.50 | €127.798.78821 | € 130277.469.73
90 € 133.544,575.30 €134.242,00750 | €135542,614.07 | € 138.171,495.14
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153 7

£ e 136,?91)6\,439.17 Ditsgomst [ibite
92 € 136,596,439.17 €137,310,425.90 | € 138,640,145.68 | € 141,329,105.31
95 € 141,174,.234.97 €141,912,153.50 | € 14328644174 | € 146,065,520.55
98 € 145,752,030.78 €146,513,881.10 | €147,932,737.79 | € 150,801,935.80
100 € 148,803,804.65 €149.581,699.50 | €151,030,268.50 | € 153,959,545.96

Soutrce: Author calculation

4 Results

The positive NPV results (€ 136,596,439.17) confirm the financial viability of
investing in Peja’s tourism sector. This cost-benefit analysis not only highlights
strong economic returns but also underscores the potential for promoting
sustainable tourism. By balancing economic growth with environmental and
cultural presetrvation, the investment could contribute to both the region's
development and long-term sustainability in the toutism industry. The sensitivity
analysis demonstrates that higher tourist prices (from €80 to €100) enhance future
value. This trend holds across varying discount rates, suggesting that prioritizing

price adjustments can strengthen long-term tourism sector sustainability.
5 Conclusions

The cost-benefit analysis conducted in this study confirms that sustainable tourism
investment in Peja is economically viable, with benefits outweighing costs when
calculated using Net Present Value. This conforms to the argument that tourism, if
managed sustainably, can be a successful catalyst for local economic development.

Beyond economic dividends, sustainable tourism supports the conservation of the
environment, preservation of culture, and social cohesion. Nature and heritage make
Peja a flagship destination in Kosovo's tourism master plan. Its continued success,
however, depends on policies reversing environmental degradation and ensuring

tourism development is harmonized with host communities' well-being.

The findings welcome local and national stakeholders to strategically invest in
sustainable tourism based on sound planning, stakeholder engagement, and
evidence-based decision-making. Follow-up research can build on this case study by
incorporating broader socio-environmental indicators and applying this model to
other regions of Kosovo, guiding long-term, inclusive, and resilient tourism

development.
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These results are closely aligned with earlier studies highlighting the economic
potential and environmental caretaking involved in tourism investment. In line with
the conclusion of Hefner et al. (2001) and Rezapouraghdam et al. (2018), the current
research confirms that tourism development, when properly planned and evaluated
using tools like Cost-Benefit Analysis (CBA), can have net positive impacts, such as
employment and infrastructure development, while also necessitating actions to
manage social and environmental costs. Neither Destek and Aydin (2022) nor
Dwyer et al. (2016) explain, economic growth alone cannot provide sustainability
without taking into account the broader impacts on society and the environment.
Further, in alignment with Banerjee et al. (2017) and Vanhove (2013), our research
affirms the importance of employing integrated assessment methods considering
both social welfare and financial feasibility. The results ratify the developing
agreement in the literature that sustainable tourism planning must balance short-
term economic gain at the expense of longer-term environmental and social issues,
an imperative underscored by the Sustainable Development Goals (Elgin & Elveren,
2024; Saarinen, 2020).
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A recent expansion of artificial intelligence (Al) has greatly
shaped and impacted our lives, including organizations which use
it in their business operations. It has also led to the emergence of
Al-related terminology in English. Words such as Al-driven, Al-
powered, Al-enabled, and Al-assisted used in business context
indicate the complex and rapidly evolving role of Al in business.
This study focuses on how these and similar phrases reflect the
use of Al in business operations across a variety of industries and
functional areas in business organisations. Adopting a corpus-
driven approach, we analysed the frequency of selected Al-related
phrases across different business sectors as presented in online
media reports in English. Our findings show that Al has made its
way into a vast range of business operations across different
industries. Also, we highlight how these phrases, which may
sometimes appeat similar, reflect the functional diversity of Al
applications. By analysing the scope of and the terminological
distinctions between these phrases, our study adds to the
clarification of the functions of Al in business and provides a
precise vocabulary for discussing its many applications.
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1 Introduction

In recent years, a surge in artificial intelligence (Al) use has brought about profound
changes in the way societies function. This also applies to the world of business,
ranging from the entire economies to individual industry sectors and individual
business organizations. Concerning the latter, the rapid expansion of Al has
transformed operational processes at different levels. We may argue that there is
hardly an industry sector today that has not yet been affected by or has not yet
introduced the use of Al, or that Al has not yet made its way into business operations

within various functional areas.

The increased use of Al in many spheres is also reflected in the English language
with the emergence of Al-related adjectival phrases which indicate its various
applications. Examples of such phrases are Al-enabled X’, Al-powered X, Al-generated
X, Al-driven X, Al-based X, Al-supported X’. While these terms might appear
similar at first glance, they nevertheless differ in the scope of Al engagement.
Therefore, it is important to understand how these phrases are different from one
another, i.e. what conceptual differences they express, as it points to the extent to
which businesses and economies rely on Al or, in other words, the extent to which

humans (still) control and manage business operations.

The aim of this contribution is to report on our analysis of the frequency of different
Al-related phrases in media discourse in terms of various forms and levels of Al
application in business contexts. We first give a brief foundation for the study by
focusing on the use of Al in business. We also touch upon the grammatical category
of ‘ed-participles’ in adjectival compounds functioning as premodifiers in noun
phrases in English (i.e. the structures under investigation in the study). Next, we
explain how the research was conducted. After that, we present and discuss our

results. We conclude the paper by highlighting our key findings.
2 Theoretical framework

This section of the paper brings a brief overview of how Al is applied and used in
today’s business across different industries or functional areas and a short
presentation of ‘ed-participles’ in adjectival compounds functioning as premodifiers

in business-related noun phrases, which are the focus of our research.
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2.1 Al use in business contexts

In recent years, Al has made its way into various industries and business operations
at different degrees of integration from Al-supported processes to full integration
of Al with Al-generated content. We may argue that today there is hardly any
industry or business function that has not been impacted by Al, including marketing
and advertising, finance and banking, supply chain management and logistics, human
resources and recruitment, to name but a few. Table 1 shows examples of Al use or

Al integration across these industries / business functions.

Table 1: The use / application of Al across industries or business functions

industry / business

: examples of ai use or ai integration
function

marketing-related decision-making, marketing-related operational
efficiency, relationship marketing, marketing content creation, B2B
marketing, branding, advertising design, virtual (Al) influencers,
marketing automation, sales predictions, etc.

marketing / advertising

customer support chatbots in consumer banking, boosting financial

finance and banking performance of banks, financial security, capital markets, money

(including insurance transfers, insurance-related customer segmentation, premium

industry) calculations, claim settlements, personalized insurance products,
etc.

supply chain inventory management, costs reduction, the minimization of the

management and supply/demand mismatch, industry-related supply chain, country-

logistics related supply chain, etc.

human resource overall recruitment practices, job postings, pre-screening processes,

management and background investigation of candidates, ranking of the candidates,

recruitment etc.

(Sources: Ali & Kallach, 2024; Ali et al., 2024; Anwar et al., 2023; Baffour Gyau et al., 2024; Bamberger et al., 2025;
Bonechi et al., 2024; Corea, 2019a; Corea, 2019b; Deng et al., 2024; Ford et al., 2023; Gieselmann et al., 2025;
Graham et al,, 2025; Hartmann et al.,, 2025; Hendriksen, 2023; Jafar et al., 2023; Jorzik et al., 2024; Keegan et al.,
2022; Kumar et al., 2024; Li et al., 2024; Manning et al., 2022; Mithas et al., 2022; Osadchaya et al., 2024; Praveen et
al., 2019; Raab et al., 2025; Roumbanis, 2025; Roy et al., 2025; Sjédin et al., 2021; Wang et al., 2024; Yum et al,,
2022).

2.2 Ed-participles in adjectival compounds functioning as premodifiers
in noun phrases

Adjectives (and adjectival compounds) are words which attribute certain qualities or
characteristics to nouns or noun phrases. In other wotds, they clearly identify them
and provide descriptive details about them (Biber et al., 2021, p. 511). In this
attributive function, they are positioned before the noun (or noun phrase) (e.g.

innovative solutions, analytical approach). Formally, adjectival compounds take many
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different forms (Biber et al., 2021, p. 530), and one of them is the form including
the ‘ed-participle’ structure. The ed-participles are derived from verbs, e.g. 0 assist
(verb) ® assisted (‘ed-participle’), 7o produce (verb) ® produced (‘ed-patticiple’), fo make
® made (‘ed-patticiple’). Semantically, they express the same meaning as the
corresponding verbs (as the words which describe some kind of action), and any
verb can be used in the ‘ed-participle’ structure. In adjectival compounds, they
function as suffixes, i.e. they come after the preceding word, and they show who or

what carried out the action (e.g. se/f-made, government-assisted, Al-driven, Al-supported).

Adjectival compounds represent a compact, integrated form of expression and they
are an efficient way of compressing information into two-word construction instead
of longer expressions in the form of a clause which gives the same information,
which is very common in news reports (e.g. The new Al-based system optimizes critical
business operations. / The new system, which is based on Al, optimizes critical
business operations.) (Biber et al., 2021, p. 532).

Based on the above foundations, we formulated the following research questions:

1. Which Al-related adjectival compounds (i.e. “AI-+ed-participle’ structures) as
premodifiers in noun phrases most frequently occur in media reports on the
use of Al in the broad economic and business contexts?

2. How do Al-related adjectival compounds express the level of Al

involvement in its use?
3 Methodology

To answer our research questions, we adopted a corpus-driven approach. As our
aim was to analyse the occurrence of the Al-related phrases in online media reports,
we used the NOW corpus as the basis for the study. The NOW corpus is an
extensive online corpus with over billion words of data from online newspapers and
magazines in English across the world from 2010 to the present time and is growing
on daily basis (English-Corpora: NOW, n.d.). We approached the analysis in several
steps, with each consecutive step building on the previous one and bringing more

in-depth results.
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We first created a list of words including ‘Al-’ (i.e. AI-¥). This output was then
refined by manually extracting the phrases with the “Al-+ed-participle structure (e.g.
Al-based, Al-driven, Al-informed, Al-produced, Al-optimized). To limit our research, we
extracted 50 most frequent structures (verbs) for further analysis. The second step
was the categorization of the “Al-+ed-participle’ structures into separate groups based
on the scope of Al involvement in the processes. This was done by analysing the
meanings of each ‘ed-participle’ (functioning as the adjective describing a state
resulting from the verb the ‘ed-participle’ derives from, e.g. ‘%o optimise — optimised, ‘to
base — based, “to generate — generated, ‘to assist — assisted). To find different shades of
meaning of each ‘ed-participle’ and its related verb, we consulted three online
dictionaries, i.e. Cambridge English Dictionary (Cambridge University Press, 2024),
Oxford English Dictionary (Oxford Universiry Press, 2024), and Collins Dictionaty
(Collins Dictionary, 2024). After this stage was done, we categorized the established
adjectival compounds into groups based on the level of Al involvement /
integration. We used Microsoft Excel spreadsheets to manage the data. The results

of our analysis are given next.
4 Results and discussion

In this section we present and discuss our findings for each research question

separately.
4.1 Research question 1

The first research question addressed the frequency of adjectival phrases structured
‘Al-+ed-participle’ functioning as premodifiers in noun phrases. As presented in the
methods section, we focused on the most frequently occurring verbs as ‘ed-
participles’. Figure 1 presents those which occurred more than five hundred times
in the NOW corpus.
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Most frequent Al-related adjectival compounds (Al-+ed-participle) in the
NOW corpus
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Figure 1: Most frequent Al-related adjectival compounds (Al-+ed-participle) in the NOW
corpus.

The above Figure 1 shows a distinctive dominance of five verbs, which could be
seen as a first potential indicator of the extent to which Al is integrated into various
social, economic and business activities. That is, media reports most often address
Al as being the tool which powers activities, generates various outputs, drives
operations or activities or acts as their basis, makes some activities possible (i.e. it

enables them), or Al helps or improves operations, tools, activities, etc.

Apart form the above most frequent verbs, the corpus included a number of those
which were less frequent. Despite their lower frequency, they are nevertheless
important as they show a variety of verbs that can be used to describe the
applications of Al in the business context. Their frequencies are given in Figure 2

below.
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Figure 2: Al-related adjectival compounds (Al-+ed-participle) in the NOW corpus with lower
frequency.

4.3 Research question 2

The second research question was closely related to the first one, and it was aimed
at categorizing the established adjectival compounds as premodifiers in noun
phrases regarding the level of Al involvement from (almost) full Al control or
autonomy over the processes to general association of Al with operations or
activities. We established that Al usage ranges from Al as the autonomous creator
to being a major tool and, on the other side of the scale, to being a supplementary
tool in human decision-making. Apart from that, Al is presented as a contextual,

underlying framework without explicit and direct involvement in operations.

We show these four categories in the descending order of Al control from its full
control to its supplementary role with the lists of adjectival phrases given in
alphabetical order.

A. Full control of Al, i.e. Al as autonomous creator

The first category comprises those adjectival compounds which show Al as the
primary agent, i.e. as the driving force behind the processes where there is no human

intervention or human intervention is minimal. The phrases found in the corpus are
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Al-controlled, Al-crafted, Al-created, Al-designed, Al-dominated, Al-driven, Al-generated, AI-
led, Al-made, Al-managed, Al-narrated, Al-operated, Al-produced, and Al-run.

To illustrate:

(1] From interactive chatbots and angmented reality effects to Al-generated content, the Al features
on Snapchat have increased, especially in recent days. (GH (25-02-05)1

(2] Alinea Invest, a fintech app offering Al-powered wealth management aimed at Gen Z women,
bhas $3.4 million in seed funding abead of the launch of a virtnal Al assistant that will belp users
with their investing needs. (US (24-01-24))

[3] Over time, as the Als continue to inmprove, hybrid subscription sites might emerge, with both
human- and Al-produced content. (ZA (24-04-07))

The common denominator of these adjectival compounds is creation and control.
That s, they express Al’s capacity for autonomous action or influence. As such, they
show Al in the position of an active agent, i.e. something that is not passive but “has
the ability to take action or to choose what action to take” (Cambridge University
Press, 2024). Specifically, these terms show Al as something that can create, direct,

or manage complex operations.

B.  Strong involyement of Al, i.e. Al as a significant contributor to human-led processes

The second category of adjectival compounds includes those which point to Al as
something that works together with humans or systems in a quite substantial way.
The phrases found in the NOW corpus are Al-accelerated, Al-altered, Al-augmented, Al-
backed, Al-boosted, Al-empowered, Al-enhanced, Al-equipped, Al-fuelled, Al-guided, Al-
infused, Al-integrated, Al-manipulated, Al-optimized, Al-powered, and Al-upgraded.

We illustrate their use in business context with the following examples:
(4] Al-accelerated organisations are also looking at benefits beyond productivity — operations- and

process-level improvements, such as antomating key business processes or redesigning roles to work
with chatbots. (ZA (24-11-05))

! 'The references in the brackets refer to concordance lines and sources in the NOW corpus (as accessed on 10th
March 2025).



N. Gajst: Al-Related Terminology in English as a Reflection of AI Application in Business —

A Corpus-Driven Study 329

(5] But there’s now also a new Al-backed tool to help business owners design their own visual asset
[...] as well as a tool to help them write better email subject lines. (US (20-09-22))

(6] These new Al-equipped products provide onr consumers with a superior smart home experience
and have received favorable market feedback and reviews. (US (22-08-22))

Collectively, the phrases in this category express strong involvement of Al in
(business) operations. That is, Al is seen as a significant and complementary tool, as
something that substantially enhances human activities by being incorporated in
these activities without replacing humans as the agents. Here, Al is not an
independent agent, but it amplifies human-led processes and human abilities by, for
example, improving efficiency and speed of operations, by optimizing, supporting

and directing workflows, by providing support validation for human decisions, etc.

C.  Supportive role of Al i.e. Al as a supplementary tool in human-led processes

The third group of adjectival compounds in our analysis contains those which show
Al as something that aids human activities, but not at the same extent and scope as
was the case with the second category. Here, we find phrases such as Al-assisted, Al-
aided, Al-supported, Al-facilitated, Al-informed, Al-suggested, Al-recommended, Al-influenced,
and Al-predicted. The following examples from the NOW corpus show their use in

context:

(7] The 2023 holiday shopping season saw the highest average discount rate since 2020 and an
increase in Al-influenced purchases, according to new research by Salesforce. (LA (24-01-12))
(8] The OTAs are well prepared to make bookable any Al-suggested itinerary with their 2.5
million multi-room accommodation establishments. (US (23-05-08))

(9] Meta’s pivot towards Al-recommended content, which has received mixed feedback, may also
be contributing to more time spent on the platform. (SG (24-10-12))

Overall, the ‘ed-participles’ in the above adjectival compounds point to the Al
having a supporting or assisting role or function and humans maintain primary
control over the processes. That is, Al is a helpful tool which only supplements
human work and does not fundamentally transform it. It helps individuals perform
their tasks more effectively, it makes processes easietr. Also, Al provides data-driven
information, insights, options, and recommendations which humans may either

accept or reject. In other words, humans retain agency when it comes to processes
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and operations, i.e. they are in control, and they use Al selectively to improve specific

aspects of their work-related processes.

D. Al as a framework, i.e. veneral reference to and broad association with Al

The last group of adjectival compounds in our analysis was the group which
contained those cases that point to Al’s principles or technology rather than its direct
involvement in human-led operations. The phrases we found in the NOW corpus
are Al-based, Al-derived, Al-focused, Al-induced, Al-inspired, Al-oriented, Al-related, and

Al-trained. The examples below illustrate their use in business context:

[10] India has been ranked 2nd on the Stanford Al Vibrancy Index primarily on acconnt of its
Al-trained workforce. IN (22-02-16))

[11] Findings from Bain & Company revealed that Al-related job postings have surged by 21%
annually since 2019, with compensation for such roles increasing 11% in the same period. (SG
(25-03-05))

[12] Al interfaces and chatbots have redefined customer services, and its growing popularity will
enable the Al-oriented fintech market to expand at a CAGR of 21.72% during the (2021-2026)
period. (IN (21-10-23))

The common denominator of adjectival compounds in this category is conceptual
association. That is, they show different connections to Al in the sense that Al is
the source of or the foundation for ideas, a point of reference. Further, they do not
express the active role of Al in processes. In other words, Al is perceived as the

context of and not as the agent in operations.
5 Conclusions

Our paper addressed the integration and use of Al in business from a linguistic
perspective. That is, based on a corpus of online news and media reports in English
regarding the use of Al in business, we examined specifics of Al-related terminology.
Specifically, we focused on adjectival compounds structured as “Al-+ed-participle.
Our key takeaways from this linguistic study are the following.

First, there are many verbs in English which are associated with the application of
Al This is the primary indicator of its growing role in business and, consequently,

economies around the world. Second, the spectrum of Al-related terminology in



N. Gajst: Al-Related Terminology in English as a Reflection of AI Application in Business —

A Corpus-Driven Study 331

English as researched in our study spans from Al being presented as having full
autonomy (i.e. Al operates independently and generates or controls outputs) via
strong integration of Al in human work (i.e. Al significantly optimizes or enhances
business processes) to Al being only a supportive tool (i.e. Al assists human work,
such as operations, decision-making), a source of information and insights. Apart
from these three categories, Al serves as a conceptual framework rather than being

directly involved in business operations.

Connecting the business aspect and the linguistic aspect, we can argue that
understanding Al integration-related linguistic nuances as presented in this
contribution may help in preparing further frameworks for addressing Al
implementation in business and the economy. Our results may also setve as food for
thought regarding the impact of Al on business practices and its (ethical)
implications. From a purely linguistic perspective, we see that Al-related terminology
is evolving and may predict that new English terms connected with its use will
continue to emerge. Overall, our study adds to the understanding how language
reflects the multifaceted relationship between Al and business operations in various

industries.
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In recent years, researchers have begun exploring the concept of
purposeful business, in which employees’ personal purpose plays
a key role. Purposeful business significantly contributes to
developing positive behaviors and outcomes, such as increased
engagement, enhanced commitment, and improved individual
and organizational performance. However, previous research has
largely focused on observing purposeful business exclusively in
private organizations. This study examines the relationship
between personal purpose and commitment in public
organizations, focusing on the moderating effect of purpose
identification. A survey was conducted among 160 employees
from seven Croatian public organizations. Moderation analysis
revealed that purpose identification moderates the relationship
between personal purpose and commitment. These findings
underscore that employees’ personal purpose is an essential
psychological mechanism for increasing their commitment, but
only with the support of purpose identification. This study is the
first to introduce the concept of personal purpose into the
Croatian organizational context, offering new insights into
purposeful business. The results provide practical implications
for managers, highlighting the importance of harmonizing
employees’ personal purpose with organizational purpose to
enhance organizational commitment. However, limitations arise
from collecting data from a single source in one time period and
the involvement of only seven public organizations, suggesting
avenues for further research.
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1 Introduction

Business practices are evolving, and profit as the sole organizational objective is no
longer enough. As a result, the focus in the business world is shifting toward creating
purposeful business. Modern organizations need to adopt a broader perspective by
clearly defining their purpose and integrating it into daily operations. This approach
forms the foundation of purposeful business, which extends beyond profit as the
primary reason for an organization’s existence and plays a key role in rebuilding trust
in business and making a positive contribution to society (Hollensbe et al., 2014).
Ferreira Ribeiro et al. (2024) highlight several benefits of purposeful business for
organizations and their employees, including higher employee engagement, stronger
organizational commitment, improved individual performance, and enhanced
organizational success. For that reason, it is inevitable that purposeful business will
play an increasingly important role in the upcoming period. Building a purposeful
business requires individuals to discover and align their personal purpose with the
organizational purpose. Therefore, this paper examines the role of personal purpose
and purpose identification in fostering employee commitment. However, existing
research on this emerging concept has focused exclusively on private organizations.
This study is the first to explore some components of purposeful business in public
organizations, extending the concept to the public sector and bridging an important
gap in the literature.

Public organizations differ from private organizations in many ways. A key
difference lies in their fundamental mission and purpose. While the concept of
business purpose is increasingly gaining attention, previous research has largely
focused on private organizations. This paper examines the role of personal purpose
and purpose identification in public organizations, which differ from the private
sector in their fundamental mission and purpose. As eatly as 1982, Gold emphasized
that private organizations are far more capable of cleatly, precisely, and consistently
articulating their fundamental mission and purpose than public organizations (Gold,
1982). Snir & Harpaz (2002) found that “public-sector employees had a weaker
economic work orientation than private-sector employees, and they also attributed
greater importance to the entitlement norm and to the notion that working was a
useful way for them to serve society.” For public organizations that advocate values
tied to public service and the greater good of society, employees must be strongly
committed to these values if public organizations effectively fulfill their purpose
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(Lyons etal., 2006). However, Lyons et al. (2006) found that public-sector employees
were less committed to their organizations than were private-sector employees. For
this reason, it is particularly important to explore whether public-sector employees’
personal purpose and identification with the organization’s purpose will influence

greater commitment, highlighting the urgent need for further reseatrch in this area.
2 Theoretical Background

Personal purpose and purpose identification as key components of

purposeful business

For organizations and individuals to discover their purpose, it is necessary to answer
questions such as: “What does your organization stand for?” and “How would
society be different without your organization?” (Rey & Bastons, 2019). A
purposeful business is inspired by a clear role in the world that provides it with a
reason for existence and, as such, is focused on the “WHY” (Zu, 2019), where this
“WHY” represents the organization’s purpose (Sinek, 2009). Additionally,
Chinchilla et al. (2019) emphasized that “purpose refers to the identity of the

organization, its DNA and raison d'etre, what makes it unique.”

In order to understand the concept of purposeful business, it is crucial to consider
the harmonization between personal and organizational purpose, as this
harmonization is a prerequisite for productivity and overall business success (Kiefer
& Senge, 1999). The harmonization of personal purpose within the organizational
purpose represents the core of a purposeful business, where each individual must
recognize their purpose, while at the same time, a shared purpose must be achieved,
arising from the connection of individual purposes (Rey et al., 2019). Lleo et al.
(2021) suggest that the success of shared purpose creation increases as employees
become more aware of it, identify with it, and actively contribute to its development.
Additionally, purpose identification is a key element in the process of building shared
purpose and purposeful organizations (Lleo et al., 2019).

Previous research and hypothesis

There is a notable absence of empirical studies examining personal purpose and
purpose identification, and such research has not been conducted in the context of

public organizations to date. However, it is crucial to recognize the potential benefits
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of overall organizational identification, which can lead to many positive outcomes
for both employees and organizations. These benefits include lower turnover
intentions, organizational citizenship behavior, job satisfaction, employee well-
being, and enhanced job performance (Ashforth et al., 2008; Riketta, 2005). In
addition, Guangrong et al. (2021) explored the impact of purpose and
purposefulness on work engagement and commitment in a study of 879 employees.
They found that employees with goals centered on helping others, advocating for
causes, or career growth were more engaged in their work than those focused on
tulfilling basic needs or achieving a comfortable lifestyle. More importantly, the
study revealed that when employees felt a strong sense of purpose in their work,
they were more engaged and committed (Guangrong et al., 2021). Therefore, the
following hypothesis (H1) was formulated: Purpose identification moderates the relationship

between personal purpose and commitment. Figure 1 shows the conceptual research model.

Purpose identification

Commitment

A 4

Personal purpose

Figure 1: Conceptual research model

3 Methodology
Measures

The study aimed to test the moderating effect of purpose identification on the
relationship between personal purpose and commitment, and the following well-
validated measurement instruments were employed: the Meaning in Life
Questionnaire (3 items, Cronbach’s alpha = .97) developed by Steger et al. (2006)
for assessing personal purpose; the Scale for Internalization of the Mission (3 items,
Cronbach’s alpha = .86) developed by Marimon et al. (2016) for assessing putpose
identification; the Organizational Commitment Scale (5 items, Cronbach’s alpha =
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93) developed by Allen & Meyer (1990) for assessing commitment. All
measurement instruments used a 5-point Likert scale (from 7=strongly disagree to 5 =

strongly agree).

Table 1 shows the items’ descriptive statistics (total mean scores and standard
deviations). As can be seen, the mean values for all items are at sufficiently high and
satisfactory levels. The lowest mean value is 3.31 (SD=1.11) for the item related to
measuring commitment, and the highest mean value is 4.23 (SD=.83) for the item
related to measuring purpose identification. However, it can be noted that the lowest

mean values were recorded for the variable commitinent.

Table 1: Descriptive statistics of items

Item Code Items N  Mean S‘td.‘
Deviation

Personal I understand my life’s meaning. 160 | 3.98 1.00

purposel

Personal I have discovered a satisfying life purpose. 160 | 3.93 .98

purpose2

Personal My life has a clear sense of purpose. 160 | 3.96 97

purpose3

Purp@se ‘ I believe that my company’s purpose/mission is 160 | 423 83

identificationl important to society.

Purpose My company’s purpose/mission is aligned with

P S 160 | 3.74 94

identification2 | my individual values.

Purppse ‘ My company’s purpose/mission is important to 160 | 4.03 83

identification3 | me.

Commitment] I really feel as if this organization’s problems are 160 | 331 111
my own.

Commitment2 I feel a strong sense of belongingness to my 160 | 359 1.04
organization.

Commitment3 | I feel emotionally attached to this organization. 160 | 3.46 1.12

Commitment4 | I feel like "part of the family" at my organization. | 160 | 3.35 1.12

Commitment5 This organization has a great deal of personal 160 | 3.66 1.09
meaning for me.

Sample and procedure

In the study, a quantitative online survey questionnaire was used, and primary data
were collected from October to December 2024. The data were collected from seven
Croatian public organizations that employed a minimum of 20 staff members. Public
organizations that participated in the study are education institutions (2), hospitals
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(2), local and regional self-government units (2), and a non-profit public organization

().

The final sample consisted of 160 respondents who participated in the survey.
Regarding demographic characteristics, most respondents were between 45 years
and above (45.00%) and between the ages of 30 and 44 (44.38%). Also, 118
respondents were female (73.75%), and 41 were male (25.63%). Most respondents
had completed higher education - graduate, academy or postgraduate study
(62.50%), and had 10 or fewer years of service in their current position (52.50%),
and 10 years or fewer years of service in their current organization (48.13%). Most

respondents worked as professional/administrative workers (41.25%).

Given that most respondents who participated in the research had 10 years or less
of working experience in the public organization where they were currently
employed, the lowest mean values for the variable commitment are expected. Previous
research has demonstrated that the length of service in an organization is positively
correlated with employee commitment (Bakoti¢, 2022; Meyer et al., 2002; Salami,
2008).

4 Results

Conditional process moderation analysis, as one of the regression analyses, was used
to test the hypothesis using Model 1 in the PROCESS macro for SPSS (Hayes, 2018).
This methodological approach allows for a robust examination of moderation
effects and provides detailed insights into personal purpose effects on employee

commitment. The results of this analysis are presented in Table 2.

Table 2: Results of conditional process moderation analysis

Coeff SE T value p value

Constant 3.724 .844 4.411 .000
Personal purpose (X) -.021 248 -2.506 .013
Purpose identification (W) -.356 241 -1474 142
Personal purpose x Purpose
BTN ﬁcatpjonp X P 023 .063 3.549 0.001

R2 =546, MSE = .664

F (3, 156) = 22.058, p < .05
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The results indicate a negative relationship between personal purpose and
commitment (8 = -.621), as well as between purpose identification and commitment
(B = -.356). However, when purpose identification was introduced in the model, a
positive relationship emerged between personal purpose and commitment (3 =
.023). These findings suggest that purpose identification moderates the relationship
between personal purpose and commitment. Specifically, there is no direct
relationship between personal purpose and commitment, but rather this relationship
is indirect and facilitated by the moderating effect of purpose identification. More
precisely, as employees’ personal purpose increases, they will be more committed to
their organization if they identify with its purpose. We can conclude that the positive
relationship between personal purpose and commitment will increase under the
purpose identification moderating variable. This proposition is shown in Figure 2.
Accordingly, Hypothesis H1 can be accepted. It is important to note that the
ANOVA test results show significant differences between public organizations in all
three variables, indicating that employees' personal purpose, purpose identification,
and commitment vary across organizations. Although the study is focused on the
public sector, the results can also be discussed in the context of private
organizations, especially if the specific goals and strategies companies use are

considered.

45 -

>

35 - -

———— Low purpose
identification

Commitment

-'-.'-’ Hl’h urpose
1,5 igh purp

> identification

Low personal purpose High personal purpose

Figure 2: Moderation effect of purpose identification
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5 Conclusions

This study highlights the crucial role of personal purpose in fostering commitment
within public organizations, highlighting the moderating effect of purpose
identification. The findings suggest that employees with a strong personal purpose
are more committed to their organization when they identify with its purpose. The
results contribute to the growing body of research on purposeful business by
extending its scope to public organizations. This study is the first to investigate the
relationship between personal purpose, purpose identification, and commitment in
Croatian public organizations, providing valuable insights for both academia and
practice. Public sector managers should actively work on communicating the
organizational mission and its importance to society and on creating opportunities
for employees to see how their individual work contributes to the realization of that
mission, thereby fostering the alignment of personal and organizational purpose.
However, the study has limitations, including data collection from a single source
and focusing on only seven public organizations. Future research should explore
these relationships in larger and more diverse samples, including longitudinal studies,
to examine causal effects over time. Additionally, comparing the results with wage
and benefits analysis in the public sector would provide a deeper understanding of
how these factors impact organizational outcomes. Despite these limitations, the
study provides a solid foundation for further investigation into the role of purpose
in the commitment of public-sector employees. It offers practical recommendations
for improving employee commitment and identification with the organization

through purposeful leadership.
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Artificial Intelligence (Al) is increasingly shaping environmental
sustainability, particularly in optimizing energy usability and
enhancing energy efficiency. Al-powered solutions, such as smart
grids, predictive analytics, and automated energy management
systems, enable real-time monitoring and dynamic energy
allocation, reducing waste and improving overall efficiency. Al-
driven forecasting models also enhance renewable energy
integration by predicting fluctuations in solar and wind power
generation, ensuring a more stable and sustainable energy supply.
Additionally, Al-enabled IoT systems contribute to energy-
efficient buildings and industrial processes by autonomously
regulating energy consumption based on real-time data. This
study employs a mixed-method research approach, combining
secondary data analysis with primary research. The primary
research component consists of four in-depth interviews with
experts in Al, and energy management. These interviews
provided qualitative insights into the practical applications,
challenges, and future potential of Al-driven energy solutions.
The main findings indicate that while Al significantly contributes
to energy optimization and stabilization, it also poses
sustainability challenges due to its high energy consumption.
Experts emphasized that Al-driven solutions must evolve
towards greater energy efficiency to offset the environmental
impact of Al infrastructure itself.
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1 Introduction

Artificial Intelligence (Al) can be defined as machine intelligence that is able to
mimic a human mind’s problem-solving and decision-making capabilities to perform
various tasks (Kanade, 2025), such as preparing quality any-to-any language
translations, and generating, understanding, analysing, or proofreading any text. In
simplified terms, artificial intelligence operates on three primary levels. Initially, it
assimilates sensory data to perceive its environment. Subsequently, it applies
analytical methods to identify patterns and correlations. Finally, it refines its internal
knowledge base to enable informed decision-making, thereby facilitating adaptive
system optimization (LeCun et al., 2015). It is therefore no coincidence that Al has
emerged as a transformative force in the energy sector, offering vast potential to
enhance energy usability and improve overall efficiency (Gruetzemacher &
Whittlestone, 2019). Through Al-powered solutions, such as smart grids, predictive
analytics, and automated energy management systems, the energy landscape is being
reshaped to enable real-time monitoring, dynamic energy allocation, and enhanced
forecasting capabilities, ultimately reducing waste and optimizing resource utilization
(Kumar et al., 2021).

Al exists on a spectrum of capabilities, commonly divided into three levels:

—  Narrow Al (Weak Al): These systems are designed to perform specific tasks
efficiently, such as optimizing heating and cooling in smart buildings or
enhancing power distribution in smart grids. Narrow Al is already playing
an important role in improving energy efficiency through machine learning
algorithms that analyse consumption patterns and adjust systems in real-
time. Bankins & Formosa (2023) quote Boden (2016) in their work when
stating that this level of Al can be recognised as the “holy grail” of this
technology. Also, the use of narrow Al allows us to draw on practical
examples to ground our works’ effectiveness.

—  General AI (Strong Al): While still theoretical, General Al would possess
cognitive abilities akin to human reasoning, thereby enabling autonomous
decision-making across multiple domains. In the energy sector, such
systems could implement highly adaptive, self-optimizing energy
management strategies without human oversight. As Lake et al. (2017)

argue, designing machines that learn and think like humans necessitates
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integrating perceptual inputs, reasoning, and prior knowledge—capabilities
that, if fully realized, could revolutionize dynamic resource allocation and

sustainability in energy systems.

—  Super Al This hypothetical stage envisions an intelligence that surpasses
human cognitive capabilities, with far-reaching implications for innovation.
In the context of energy sustainability, a Super Al could theoretically devise
novel solutions and radically transform existing paradigms. Chalmers (2016)
suggests that such an intelligence might not only optimize established
processes but also pioneer entirely new frameworks for energy generation
and distribution, thereby addressing complex challenges that currently elude

human problem-solving,

In this article, mostly the use of Narrow Al can be taken into consideration. For
instance, smart grids, powered by Al algorithms, enable real-time monitoring and
dynamic energy allocation, adjusting supply and demand in response to fluctuations
(Fang et al., 2012). This dynamic approach maximizes efficiency by reducing energy
waste and ensuring a more stable and reliable energy supply. Moreover, Al-driven
predictive analytics models can enhance the integration of renewable energy sources,
such as solar and wind, by accurately forecasting fluctuations in power generation,
allowing for better grid balancing and storage management (Tang et al., 2022).
Beyond the power grid, Al-enabled IoT systems also contribute to energy efficiency
in buildings and industrial processes. These systems autonomously regulate energy
consumption based on real-time data, optimizing lighting, heating, ventilation, and
other energy-intensive operations (Alam et al., 2012). While Al has significantly
transformed the energy sector, unlocking numerous opportunities for optimization
and sustainability, it also poses significant challenges that must be addressed. It is
worth to mention that Al has a highly adaptable transformative potential which can
enhance energy efficiency and usability, but we have to mention that the widespread
adoption of Al-powered solutions carries its sustainability implications. A key
concern is the high energy consumption of Al infrastructure itself, which can
potentially offset the environmental benefits it aims to achieve (Strubell et al., 2019).
As Al systems become more prevalent, their energy demands are likely to increase,
highlighting the need for Al-driven solutions to evolve towards greater energy
efficiency. As the energy sector continues to undergo digital transformation, the role

of Al in enhancing energy usability and efficiency is undeniable.
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However, precisely due to these factors, a vicious cycle emerges, posing a significant
challenge in finding a viable solution. While artificial intelligence (Al) systems and
models are increasingly employed to enhance energy efficiency, the energy demand

of Al systems themselves is escalating at an alarming rate on a global scale.
2 Literature review

The literature on the intersection of artificial intelligence, energy efficiency, and
environmental sustainability reveals a multifaceted and, at times, paradoxical
relationship. On one hand, numerous studies demonstrate that Al applications —
ranging from predictive analytics and dynamic energy allocation to the deployment
of smart grids — have been instrumental in optimizing energy management and
integrating renewable sources. For instance, Phuangpornpitak et al. (2013) and
Ukoba et al. (2024) illustrate how Al-driven algorithms can adjust supply and
demand in real time, thereby enhancing grid stability and reducing energy wastage.
These innovations enable more resilient and adaptive energy systems, which are
essential for meeting the demands of modern power infrastructure. Conversely, the
rapid advancement and scaling of Al technologies have raised critical concerns
regarding their intrinsic energy consumption. Jiruwala (2024) argue that the energy
required to train large-scale neural networks, such as those powering natural
language models (referred as LLMs), can result in carbon emissions on a scale
comparable to those of traditional industrial processes. This view is corroborated by
Strubell et al. (2020), whose research highlights the significant environmental costs
associated with deep learning, particularly in the context of computational resource
demands. Furthermore, Bender et al. (2021) have sparked an important debate by
emphasizing that while Al can unlock transformative efficiencies across various
sectors, the computational and energy costs associated with these systems necessitate
a rigorous re-examination of their long-term sustainability. In response, recent
investigations by Moon et al. (2019) have focused on reducing the energy footprint
of deep learning architectures through algorithmic optimizations and the integration
of energy-efficient hardware. Such approaches are critical in bridging the gap
between the immediate benefits of Al applications and their broader environmental
impact. Practical applications of Al in energy management further underscore both
the promise and the challenges inherent in this technological paradigm. Zhao (2022)
demonstrates that Al-driven optimization in industrial production can lead to

notable reductions in energy consumption, while Ali et al. (2024) provide evidence
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that intelligent building systems — through continuous monitoring and automated
control — can significantly lower operational carbon footprints. In the transportation
domain, Ponnusamy et al. (2024) and Cavus et al. (2025) have documented how Al-
based traffic management and predictive maintenance systems can contribute to
more efficient energy use, thereby mitigating congestion and reducing emissions.
Despite these promising developments, Chen (2023) cautions that the overall
benefits of Al in promoting energy efficiency must be carefully balanced against its
own escalating energy demands. The dual challenge lies in harnessing Al’s potential
to drive sustainability while simultaneously developing methods to curtail the energy
intensity of Al systems themselves. As such, the literature points to a critical need
for interdisciplinary research that not only expands the application of Al in energy
systems but also prioritizes the creation of lower-energy-consuming models and

infrastructures.

It can be stated that even if Al offers transformative potential for enhancing energy
efficiency and advancing environmental sustainability, its application is marked by
an inherent paradox: the very systems designed to reduce energy consumption can
themselves be energy intensive. A holistic balance must be reached which can ensure
that the pursuit of technological efficiency does not inadvertently exacerbate global
energy challenges.

3 Methodology

This study employs a mixed-method research approach, integrating secondary data
analysis with primary qualitative research. The primary research component is based
on semi-structured in-depth interviews conducted with four experts in artificial
intelligence and energy management. These interviews were designed to elicit
comprehensive insights into the practical applications, challenges, and future
potential of Al-driven energy solutions, with particular attention to sustainability
issues arising from the high energy consumption associated with Al infrastructure.
The semi-structured interview format was chosen to balance the need for
consistency across interviews with the flexibility to explore emerging topics in
greater depth. In the interview guide we formulated 20 questions to address three
central thematic areas: the general understanding and conceptualization of artificial
intelligence, the specific applications and operational modalities of Al within the

interviewees’ organizations — especially as they pertain to energy efficiency —, and
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the strategies employed by these organizations to integrate Al in optimizing energy
consumption. This structure allowed us to evaluate both the depth of the experts’
knowledge on Al and the extent to which their organizations have implemented Al-

driven solutions in the energy domain.
The central research question guiding this study was the following:

Q1: To what extent can Al-driven solutions optimize energy management while mitigating the
sustainability challenges posed by the companies represented by the research participants’ energy

consumption?

Participants were selected through purposive sampling, ensuring that each
interviewee had demonstrable expertise in either Al technology, energy
management, or both. This strategic selection was necessary to collect relevant data.
All interviews were recorded and transcribed verbatim to ensure the accuracy and
reliability of the data. The resulting transcripts were subjected to thematic analysis,
a qualitative method that involved coding the data and identifying recurring themes
and patterns. Ethical considerations were rigorously observed throughout the
research process. Participants were fully informed about the study’s objectives, and
their informed consent was obtained prior to the interviews. Confidentiality was
strictly maintained by anonymizing personal identifiers and ensuring that any

potentially sensitive organizational information was handled with care.
4 Results

The primary qualitative investigation involved four in-depth interviews with experts
representing international companies operating in Hungary. Two of these companies
belong to the telecommunications sector, while the remaining two are I'T enterprises,
each employing over 250 individuals. The interviews were designed to capture the
current utilization of Al-driven solutions in energy management as well as the

associated sustainability challenges.

A key finding from the study is that three of the four interviewees reported regular
use of Al tools — engaging with these technologies for at least four hours per day
and employing a minimum of three different large language models (LLMs). In

contrast, one participant described a more variable usage pattern, noting, "There are
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times when I don’t need to use it even once a week, but there are times when 1 need to use it for §
hours a day”. This divergence in usage frequency underscores the heterogeneous

integration of Al within similar organizational contexts.

When exploring the practical impact of Al on energy management, responses varied
considerably among the participants. One interviewee expressed reservations
regarding Al’s long-term viability in optimizing energy consumption, stating, "To zzy
knowledge, Al systems consume a great deal of energy, so I do not believe that this would be a long-
term solution for improving energy management. (...) I am not aware of this aspect being prioritized
in our company's primary strategy”. This perspective highlights concerns regarding the
sustainability of Al systems, particulatly in terms of their energy demands.

Conversely, another expert emphasized the innovative potential of Al to uncover
novel methods for reducing energy consumption. This respondent noted, "Al’s
detection capabilities are remarkably precise in uncovering new innovative methods that conld achieve
real and more effective energy reductions, even at our company. However, at present, this is a

secondary consideration becanse most employees are not yet at that stage".

A third interviewee provided evidence of proactive sustainability measures within
their organization, stating, "I our company, we already have solar panels that are specifically
intended to sustainably meet the energy demands of the Al systems we use (...) currently only
partially, but it is already operational”. This response indicates that some companies are
beginning to integrate renewable energy solutions specifically to offset the energy
demands of Al systems.

Finally, the fourth participant drew attention to the rapid escalation of energy
consumption associated with large language models, particularly in light of recent
technological advancements such as ChatGPT. This interviewee remarked, "By #he
end of 2022, when ChatGPT was introduced, we already knew that this technology wonld have an
enormous energy demand. Just consider that every LN system doubles its capacity every three
months, which consequently increases energy consumption. However, our engineers have prepared for
this in time, so we use a bardware park that consumes significantly less energy, and we strive to
power it entirely with sustainable energy sources”. This insight underscores the urgency of
addressing AI’s energy requirements through innovative, energy-efficient

technological and infrastructural solutions.
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These thoughts indicate that even among large multinational companies, there is
significant variability in how energy efficiency is prioritized within the context of Al
deployment. While some organizations are actively pursuing sustainable practices to
mitigate the environmental impact of their Al systems, others appear less committed

to this aspect.
5 Discussion

Several corporate examples illustrate how Al-driven solutions can optimize energy
management while addressing sustainability challenges. For instance, Vodafone, a
leader in telecommunications, has implemented advanced Al algorithms for network
optimization and predictive maintenance, and invested in a dedicated solar park to
power its data centres, thereby reducing reliance on non-renewable energy sources
(Lawrence & Durana, 2021).

In the IT sector, IBM and Intel leverages Al for intelligent building management.
The facilities of these companies utilize Al-driven systems to monitor and regulate
energy consumption in real time — adjusting heating, ventilation, and lighting — while

integrating solar panels to ensure sustainable energy sourcing (Mahzar et al., 2022).

Additionally, leading logistics companies such as DHL and Alibaba, employ Al-
based traffic management systems to optimize route planning and reduce fuel
consumption. DHL is also piloting solar-powered charging stations for its electric
vehicle fleet, underscoring its commitment to merging Al innovations with

renewable energy solutions (Ozturk, 2024).

These examples highlight the potential of Al to enhance energy efficiency across
various industries while mitigating environmental impacts. However, they also
emphasize the need to balance technological advancement with sustainable
practices, ensuring that the energy demands of Al systems do not offset their

environmental benefits.
6 Conclusion

This study successfully achieved its objective by elucidating the dual role of Al-
driven solutions in optimizing energy management and highlighting the
sustainability challenges posed by their energy consumption. The integration of Al
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in energy systems — evident in corporate practices at Vodafone, IBM, and DHL —
demonstrates that while Al can significantly enhance energy efficiency and resource
allocation, its deployment is not without environmental costs. The mixed-method
research approach, particularly the use of semi-structured in-depth interviews,
proved advantageous in capturing nuanced perspectives from industry experts.
These qualitative insights provided a rich understanding of both the practical

applications and the limitations of Al in the context of energy management.

The research question is answered by the findings. The evidence suggests that while
Al technologies are capable of optimizing energy consumption and improving
operational efficiencies, their energy demands remain a critical concern. The
divergent experiences of the interviewees indicate that the effectiveness of Al in
promoting sustainability is highly dependent on the strategic integration of

renewable energy sources and energy-efficient infrastructures within organizations.

To further validate these preliminary findings, a subsequent survey is planned to
target a broader sample of employees — including managerial staff — to analyse and

statistically validate the exploratory insights generated by these interviews.
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1 Introduction

In today's world, individuals often experience stress due to various sources, with
work being one of the most significant. Workplace stress can profoundly impact
employees and, consequently, the overall performance of a company. The IT
industry has experienced substantial growth in Croatia and globally in recent years.
However, this expansion often leads to significant changes in the workplace, which
can induce stress among employees. The demand for IT professionals remains
stable, making this industry one of the safest for employment (Rouse, 2024). The IT
sector in Croatia is growing at a rate faster than the national economy (Croatian
Chamber of Economy, 2024). According to the National Classification of IT
Industry Activities, there were 9,143 registered IT companies in Croatia in 2025,
comprising 19 large companies, 84 medium-sized companies, and 9,040 small and
micro companies (FINA, 2025). Therefore, it is essential to identify the stress factors

affecting employees in the IT industry to minimize stress within these companies.

The literature review identified a gap in existing research regarding the examination
of how company size affects employee stress levels in the I'T industry. The current
study has explored the effect of company size on stress levels in the IT sector in
Croatia for the first time. This study aims to investigate whether company size
impacts stress levels among employees in this sector. The following research

questions were defined:

RQ1: What is the average stress level of employees in I'T companies in Croatia?
RQ2: Is there a difference in employee stress levels depending on the size of the
company? RQ3: What are the main factors contributing to stress among employees
in the IT industry?

Primary research was conducted to collect data on the stress levels of employees in
the IT industry. The stress scale developed by Cohen et al. (1983) was employed to
ensure the validity of the research. This study has significant scientific and practical
contributions in examining the impact of company size on stress levels and
emphasizing the most critical stress factors for employees, respectively. The paper
is structured as: introduction, literature review, methodology description, research

results, and a conclusion summarizing the key findings.
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2 Literature review

Previous studies have encountered challenges when formulating a general theoretical
conception of stress, and numerous definitions have been presented (Mihailovi¢,
2003). Mihailovi¢ (2003) defined stress as, "a psychophysical state in which a person
finds themselves in difficult circumstances and situations." In a medical or biological
context, stress is a physical, mental, or emotional factor that induces tension (Davis,
2021). Stress denotes the physiological, psychological, and social reactions of the
organism to various stressors, which can be internal or external and possess both
positive and negative aspects (Matulovi¢, Roncevi¢, and Sindik, 2012). Aslan et al.
(2025) asserted that work stress negatively impacts employees’ physical and mental
health, potentially leading to conditions such as burnout, anxiety, depression, and
reduced productivity. Stress can be described as a condition in which individuals face
workplace demands that they cannot meet, making success feel unattainable (Helia
et al., 2025). Depending on each employee's mindset and petrspective, stress can
hinder their achievements and work performance (Helia et al., 2025). Kumar et al.
(2021) defined job stress as, "the pressure that an employee feels due to
employment-related factors." According to Lucanin (2014), stress factors can be
events or circumstances that individuals react to and can be categorized into three

main groups: physical, psychological, and social.

Kavivarshini and Harihara Sudhan (2023) examined factors influencing employee
stress levels with a sample of 100 IT employees from Chennai, India. The results
indicated that work-related stress affects all employees regardless of age, and there
is a statistically significant difference between employees' age and the amount of
stress they experience (Kavivarshini and Harihara Sudhan, 2023). A study by Ahmad
et al. (2018) examined the stress levels of 125 managers in the textile industry in
Pakistan, using the Perceived Stress Scale (PSS-10). The results showed that 86.4%
of respondents experienced work-related stress, with 46.3% classified as severely
stressed, with an average PSS score of 15.98 (Ahmad et al., 2018). Chaillet et al.
(2025) conducted research with a target population of 358 medical interns from a
French university hospital. The results indicated an average stress level of 19.86, with
agreeableness, neuroticism, and the risk of workaholism associated with higher
perceived stress levels (Chaillet et al., 2025). Conversely, having time for hobbies and
conscientiousness were linked to lower perceived stress levels. Colato et al. (2025)

researched 388 IT professionals in the US, revealing an average level of 15.1,
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classified as moderate stress. Lee (2023) investigated construction employees and
revealed that employees from both large and small construction companies
experienced similar stresses. This study identified a lack of research related to stress
levels and whether firm size impacts stress levels based on different organizational
characteristics. However, Lai et al. (2013) examined the direct association between
tirm size and employees’ experiences of job stress, finding no supporting evidence
for a side effect. Based on the literature review and research questions, the research

hypothesis is as follows:
H1 Company size does not impact employee stress levels.
3 Methodology and results

The primary research was conducted using a survey questionnaire among
participants working in the I'T industry. The survey was created using Google Forms
and consisted of five demographic questions, six general questions about stress, and
a stress measurement scale to assess the stress level variable. The PSS-10, adapted
from Cohen et al. (1983), has also been previously used by Ahmad et al. (2018),
Chaillet et al. (2025), and Colato et al. (2025). The PSS-10 is a 10-question scale
designed to determine the extent to which participants perceive their lives as
unpredictable, uncontrollable, and overloaded. The scale includes questions about
the current level of stress experienced by the participants. The total PSS-10 score
ranges from 0 to 40, with higher scores indicating higher stress levels (Chaillet et al.,
2025). The survey was anonymous and conducted in September 2024. It was
distributed via social networks using purposive and chain sampling. To ensure the
validity of this sampling method, two elimination questions were included to exclude
the unemployed individuals and those not working in the IT industry.

Of the 125 questionnaires collected, 121 were included in the analysis, as four did
not meet the requirement for employment in the IT industry. Among the 121
participants, 61.2% identified as male, 38% as female, and one participant identified
as neither male nor female. These results reflect the underrepresentation of women
in the IT sector. The majority of responses came from participants aged 18 to 30,
accounting for 47.9%, followed by 43.8% aged 31 to 40, and 5% aged 41 to 50. The
smallest group consisted of participants aged 51 to 60, at 3.3%. When asked, "Have
you faced stress at work?", 83.5% of the participants answered positively, 9.1%
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answered negatively, while the remaining 7.4% were uncertain. Regarding sources of
stress, 60.3% of the participants indicated that excessive workload was the primary
source of stress. Additionally, 57.9% of participants pointed to interpersonal
relationships as a significant source of stress, while21.5% identified low salary as a

stress factor.

The most common causes of stress included: high work intensity, tight deadlines,
and high task responsibility. According to participants, 60.3% cited excessive
workload as a key stress factor, while interpersonal relationships and overtime were
also identified as significant contributors. Furthermore, 36.4% of participants
highlighted the lack of flexibility in work as problematic, while 26.4% believed that
the absence of clear opportunities for professional development increased their

stress levels.

ANOVA was employed to test the hypothesis H1. The stress level and company
size served as the dependent and independent variables, respectively. The results of
the PSS stress level according to company size are presented in Table 1. Cohen et al.
(1983) defined three levels of stress: low (scores from 0 to 13), moderate (scores
from 14 to 26), and high (scores from 27 to 40). The results revealed an average PSS-

10 score of above 20, indicating a moderate level of stress among the participants.

Table 1: PSS-10 score

Micro companies =~ Small companies Medium Large companies

(SD) (SD) companies (SD) (SD)

PSS score 22.382 (4.930) 22.514 (2.241) 21.806 (4.153) 23.500 (4.733)

ANOVA was not conducted for large companies due to the insufficient number of
responses (fewer than 30). A single-factor ANOVA was chosen because we have
one independent variable. Table 2 presents the ANOVA results. The p-value
exceeded the usual significance threshold of 0.05 (0.895860082). These results
confirm insufficient evidence of statistically significant differences between the
average values for micro, small and medium-sized companies. The findings are in
line with a previous study by Goodin (2020). Conclusively, no significant differences
in stress levels were found among companies of different sizes, indicating that stress

levels do not depend on company size, confirming the hypothesis H1.
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Table 2: ANOVA Test Results

Summary
Groups Count Sum Average Variance
Micro 10 761 76.1 184.76
Stmall 10 788 78.8 154.62
Medium 10 785 78.5 255.61
ANOVA
Source
of SS df MS F p-value F-crit
Variation
Between e ) 21.9 0.110420168 0,895860082 |  3.354130829
Groups
Within 5355 | 27 | 1983333333
Groups
5398.8 | 29
4 Conclusion

The findings of this study concluded that company size does not affect the level of
stress among employees in IT companies. However, the current level of stress
experienced by participants may vary depending on specific questions. The results
indicated that employees in the IT industry are significantly exposed to stress.
Excessive workloads and interpersonal relationships were identified as the most
significant sources of stress for employees in I'T companies. These findings suggest
that IT companies should focus on developing effective human resoutrce
management strategies that emphasize these factors. Rapid changes within the
workplace and a competitive environment undoubtedly contribute to stress.
Additionally, the shift toward remote work and increased reliance on digital tools
have become defining features of modern organizational life, particularly in the I'T
sector. For IT professionals, the cognitive load is high due to the need to manage
and process complex information, and individuals are frequently required to learn
and adapt to new digital tools or systems, leading to diminished performance and
increased stress (Xie and Yang, 2025). However, activities related to human resource
management can help maintain stress levels at an acceptable level, preventing stress
from reducing employee satisfaction, impairing their health, and ultimately
negatively affecting company performance. These insights provide valuable
recommendations for the professional community. Additionally, Aslan et al. (2025)

suggest that company leaders and human resources professionals should consider
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adopting leadership styles, such as democratic leadership, which foster positive

workplace climates to mitigate stress.

The results did not indicate a difference in stress level in micro, small, and medium-
sized companies, aligning with findings from Lee (2023) in the construction industry.
However, these findings could not be compared due to the lack of similar studies.
The insignificant results could be explained by other factors that may influence stress
levels, including organizational culture, HR practices, and individual factors like age,
position, or personality. This area represents a area for future research, and these
results provide intriguing scientific insight. Therefore, the PSS-10 score indicated a
higher average level of stress in the Croatian I'T industry, compared to studies by
Ahmad et al. (2018), Colato et al. (2025), and Chaillet et al. (2025). These the

importance of validating and monitoring stress levels in the IT industry.

It is essential to consider the limitations of the study when interpreting the results.
The insufficient number of employees from large companies precluded conducting
the ANOVA test for this group. Additionally, expanding the research sample would
be necessary to obtain more reliable results and ensure a high level of
representativeness. Furthermore, this study is also limited by a lack of control
variables (e.g., job role, experience level). When interpreting the results, it is crucial

to consider the stated limitations and how they relate to the studied population.
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When service learning meets sustainability learning, new
integration benefits arise within curricular and extracurricular
activities in higher education. By exploring the approach of
integrating service and sustainability learning, their potential to
enhance student engagement and foster a sustainability culture is
revealed. Active learning methodologies, which include digital
technology inspired innovations with problem-based learning and
community engagement, offer to significantly improve students'
understanding of sustainability while developing competencies
for future careers. Importance of hybrid pedagogies that
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Additionally, the role of extracurricular activities in promoting
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1 Introduction

Contemporary challenges related to environmental sustainability, including climate
change, global warming, biodiversity loss, and environmental pollution, as well as
social and economic challenges such as inequalities in employment and income
opportunities, access to quality education, and others, require specialized knowledge
and skills essential for their resolution. Environmental, economic, and social
sustainability cannot be learned as a fixed set of solutions but rather as a process of
developing the knowledge and skills necessary to address related challenges and

manage them responsibly.

Given the rapid pace of urbanization around the world and the ubiquity of
environmental problems, flexible and sensitive approaches that put communities at
the center become crucial to recognizing and understanding their needs and
improving their context (Cervantes & Hinojosa, 2022). Service learning and
sustainability learning are two different but closely related approaches to teaching
and learning that bring together sustainability and community issues and require
synergistic thinking and action. Sustainability learning implies an approach to
teaching and learning that deals with sustainable principles, taking into account
different models related to sustainability such as the Sustainable Development Goals
(SDGs), Triple Bottom Line, ESG, and RE(use/duce/cycle). Service learning is a
teaching and learning approach that intentionally applies knowledge and skills to
develop service-based solutions, foster community engagement, and strengthen
social connections, ultimately promoting civic responsibility and active citizenship
(Cervantes & Hinojosa, 2022).

Service learning and sustainability learning engage students, teachers, and
communities through academic content, community activities, and reflection,
fostering civic involvement and personal growth (Mitchell, 2020), (Ruiz et al., 2024).
These approaches align higher education with societal needs by integrating
community engagement, structured reflection, and academic-community
partnerships. Recognized in the European Sustainability Competence Framework (2022),
they support Green Comp’s four key areas: Embodying sustainability values,
Embracing complexity in sustainability, Envisioning sustainable futures, Acting for
sustainability (European Commission, n.d.). The 2022 Council Recommendation on

learning for the green transition and sustainable development further emphasizes policies
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promoting interconnected learning across environmental, economic, and social
dimensions for a sustainable future (Council Recommendation of 16 June 2022 on

Learning for the Green Transition and Sustainable Development, 2022).

This research, aims to provide insights into learning outcomes and objectives,
methods and approaches, as well as the evaluation and impact of service and
sustainability learning approaches in higher education. To illustrate best practices,
case study based examples describe how these teaching approaches are integrated

into both cutricular and extracurricular activities.
2 Theoretical Background / Literature Review

Service learning is an innovative pedagogical approach that bridges the classroom
and the community, positioning students as key agents in fostering local
development (Shahbani et al., 2019). Grounded in John Dewey’s pragmatic theory,
service-learning emphasizes experiential education and active civic engagement,
equipping students with the skills and mindset necessary to navigate societal changes
and challenges (Said et al., 2019).

Service learning is based on identifying community needs, where students
collaboratively develop innovative solutions to improve quality of life, often based
on implementing digital technologies. This holistic approach enhances skills and
knowledge through active service initiatives, encouraging critical thinking, action,
and reflection. It also engages NGOs, local authorities, industry, and academia to
support service-learning projects (Shahbani et al,, 2019). Service learning is an
educational model where students participate in structured activities to address
community needs while reflecting on services. It enhances their understanding of
course content, broadens their disciplinary perspective, and fosters civic
responsibility (Lounsbury & Pollack, 2001), (Mayhew & Engberg, 2011).

According to Dewey, service learning includes six steps typical for investigative
learning approaches (a) encountering a problem; (b) formulating questions; (c)
gathering information; (d) formulating hypotheses; (e) testing hypotheses, and (f)
making justified claims (Mayhew & Engberg, 2011). As a paradigm, service learning
is based on connection, creativity, community, and complexity and is used to

develop students' thinking skills through applied community engagement projects,
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which combine interactivity and interconnectedness, innovation and insight, and
inspiration and intuition, integrative and interdisciplinary thinking (Karakas &
Kavas, 2009).

Sustainability learning is a teaching and learning approach that prioritizes the well-
being of future generations while emphasizing sustainable economic, environmental,
and social principles. It is a transdisciplinary and multi-level concept in which
educational objectives are aligned with sustainable development goals (Hansmann,
2010).

Higher education institutions can integrate SDGs into their work in three key ways:
(1) Recognition, (2) Opportunistic Alignment, and (3) Organizing and Embedding
Principles (Angelaki et al., 2024). Recognition involves identifying and assessing
existing university initiatives that contribute to sustainable development. This
process not only highlights best practices but also serves as a catalyst for further
action. Opportunistic Alighment refers to the integration of sustainability-related
issues into specific activities and academic programs, leveraging opportunities as
they arise. Organizing and Embedding Principles entail systematically incorporating
SDG principles into university governance, ensuring their presence across policies,

management structures, and institutional frameworks (Angelaki et al., 2024).
3 Methodology

Aligned with the areas and competencies outlined in the European Sustainability
Competence Framework and guided by Bloom’s taxonomy of learning outcomes, a
literature review was conducted to identify general learning outcomes associated
with service and sustainability learning. Furthermore, key components of service and
sustainability learning were analyzed, including teaching and learning resources, the
learning environment, pedagogical processes, instructional methods and techniques,
stakeholder involvement, as well as evaluation and feedback mechanisms. The
analysis included articles retrieved using the research query (“service learning” OR
“sustainability learning”) AND (“teaching practices” OR “learning practices”),
filtered by topic, taking into account the title, keywords, and abstract. Only articles
available in English were considered. Through case study analysis, this research
presents two examples of service and sustainability learning, one integrated into a

curricular program and the other within an extracurricular program.
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4 Results

This research seeks to provide stakeholders in the academic community with a
comprehensive analysis of learning objectives and outcomes, processes of planning,
preparation and implementation, learning environment, teaching and learning
methods and techniques as well as the broader impact of service and sustainability
learning within academic programs, as previously done by Munna & Kalam, 2021.
Furthermore, it offers evidence-based guidelines for integrating these approaches
across diverse curricular and extracurricular higher education programs. All the
elements are described in the next sections, following the structure of our findings

as shown in Figure 1.

SUSTAINABILITY AND SERVICE-LEARNING APPROACH
Learning Learning Learning Teaching and
outcomes resources environment Learning

methods
Teaching and Formative and Dissemination
Learning summative and broader
process evaluation impact
SERVICE AND SUSTAINABILITY SERVICE AND SUSTAINABILITY
LEARNING IN LEARNING IN
CURRICULAR PROGRAM EXTRACURRICULAR PROGRAM

Figure 1: Overview of key elements of the sustainability and service learning approach

4.1 Sustainability and setvice-learning approach

The learning outcomes for service learning and sustainability, identified through a
literature review, align with the competence areas of the European Sustainability
Competence Framework. These outcomes, categorized into four key areas, are
presented in Table 1.
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Table 1: Learning outcomes of service and sustainable learning

Embodying
Sustainability
Values

Embracing
Complexity in
Sustainability

Cultivate an understanding of social inequalities and the necessity for a more
equitable society while also fostering awareness of environmental, economic,
and social challenges (Mayhew & Engberg, 2011), (Yusof et al., 2020)

Internalize the values of sustainability by engaging in practical actions and
reflecting on community needs (Howard et al., 2010), (Shahbani et al., 2019),
(Said et al.,, 2019), (Yusof et al., 2020), (Souza-Alonso et al., 2024), (Hong et
al., 2024)

Analyze the interplay between social, economic, and ecological systems and
their collective impact on community dynamics (V. M. Smith, 2003),
(Mayhew & Engberg, 2011), (Ruiz et al., 2024)

Apply critical thinking to understand complex community problems and
environmental, economic, and social issues (Karakas & Kavas, 2009),

(Shahbani et al., 2019), (Yusof et al., 2020), (Ruiz et al., 2024), (Hong et al.,
2024

Develop the ability to anticipate future environmental, economic and social
challenges (Howard et al., 2010), (Shahbani et al., 2019), (Said et al., 2019),
(Yusof et al., 2020), (Ruiz et al., 2024)

Experiment with innovative solutions in sustainable development and
community (Karakas & Kavas, 2009), (Souza-Alonso et al., 2024)

Initiate and participate in social initiatives for sustainable development
(Shahbani et al., 2019), (Souza-Alonso et al., 2024), (Said et al., 2019)
Demonstrate civic responsibility through concrete actions in the community

and environmental, economic, and social actions (Karakas & Kavas, 2009),
(Mitchell, 2020), (Ruiz et al., 2024)

Envisioning
Sustainable
Futures

Acting for
Sustainability

Learning resources encompass a variety of teaching materials, including
supplementary literature that elaborates on economic, environmental, and social
sustainability, as well as contemporary social issues. These resources may include
scientific articles, analytical reports, videos, prepared multimedia content, and other

relevant visualization materials (Mayhew & Engberg, 2011).

The learning environment should be structured to foster a safe, inclusive and
supportive atmosphere, facilitate effective communication with students, and
cultivate meaningful relationships with stakeholders. Particular emphasis is placed
on engagement with stakeholders whose challenges are being analyzed (Shahbani et
al., 2019).

Teaching and learning methods incorporate a diverse range of approaches, including
reflective activities, essays discussions, observation, mapping, interviews, field visits,
prototypes and direct interaction with stakeholders (Cervantes & Hinojosa, 2022),
(Pederson et al., 2018). Additionally, the pedagogical approach prioritizes shorter
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instructional segments, commonly referred to as mini-lectures (Day & Lane, 2014),

while placing greater emphasis on teamwork and fieldwork.

The learning and teaching process includes planning, preparation, and
implementation. Effective planning requires university leadership to raise awareness
of sustainability and community engagement, define instructional strategies, design
relevant curricula, and structure activities. Preparation involves teacher training,
while implementation follows a phased approach: motivation, problem
identification, diagnosis, planning, design and prototyping, execution or pitching,
documentation, systematization, communication, and evaluation (Maravé-Vivas et
al., 2022). Optimizing student learning and time-on-task is crucial, ensuring clear
guidelines on timelines, deadlines, and deliverables.

For evaluating students' work, a combination of formative and summative
assessments is recommended (E. Smith et al., 2023). Evaluations should encourage
diverse demonstrations of understanding, such as raising awareness of social,
economic, and environmental issues, group collaboration, and interpersonal skill
development (Borkoski & Prosser, 2020). Moreover, reliance on standardized
assessments should be minimized due to potential biases (E. Smith et al., 2023).

The dissemination and broad impact of sustainability and service learning are
fostered through the exchange of best practices, the development of a training and
education network (Souza-Alonso et al., 2024), and the meaningful exchange of ideas
in both formal and informal community settings, as well as through active

collaboration with the community.
4.2 Service and sustainability learning in curricular program

As part of the curricular program, service and sustainability learning were integrated
through the Global Goals Jam (Global Goals Jam, n.d.) event in the course
Operations Management. Students were tasked with identifying a local community
problem and proposing a solution that aligns with sustainable development

principles and social responsibility, supported by digital technologies.
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The implementation process included short lectures and discussions, the Global
Goals Jam mini-competition, the evaluation of final concepts and prototypes, and
dissemination. Lectures and discussions covered key topics in environmental,
economic, and social sustainability, introducing students to sustainability concepts

and showcasing best practices.

The mini-competition was an intensive two-day event structured into four sprints,
where students worked collaboratively to develop sustainable and socially
responsible concepts. The four sprints were: 1) Explore it!, 2) Respond to itl, 3)
Make it!, and 4) Share it!. The estimated duration of each sprint was 90 minutes.
Finally, student teams pitched their solutions through short presentations as well as
concept and prototype demonstrations, which were carefully reviewed and evaluated
by a “jury” consisting of stakeholders like academic and professional evaluators as

well as peers.

To further expand their ideas and inspire broader community engagement, students
presented their proposed solutions at conferences and events focused on sustainable

development.
4.3 Service and sustainability learning in extracurricular program

As an extracurricular activity, an Erasmus+ Blended intensive program (BIP), titled
,» Transform to sustain: Sustainable future enabled by digital transformation®, was
conducted in a hybrid format, through collaboration of five higher education
institutions (Faculty of Organization and Informatics, University in Zagreb, 2023).
Online sessions over four weeks enabled students to form international,
multidisciplinary teams and develop SDG-aligned digital solutions. A week-long
onsite program featured interactive workshops complementing online learning with
hands-on activities. Students designed digital innovations, refined prototypes,
pitched ideas, and explored digital technologies like robotics. A field trip to a remote

island allowed testing with real users, providing valuable feedback.

The program aimed to introduce participants to creative methods for customer
needs analysis, business improvement, and sustainable digital transformation. It
integrated four key business development concepts: Digital Transformation,

Sustainable Development, Digital Technologies (Al & Robotics), and Business
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Process Management. Teaching methods included problem-based learning,
gamification, teamwork, and project-based tasks, fostering a collaborative
environment. As the conclusion of the program, student teams presented their
solutions, receiving valuable feedback from teachers and peers. Learning outcomes
that students achieved were: (1) Comprehend and enforce creative methods,
techniques and tools for customer needs analysis and innovative ideas creation, (2)
Understand and apply the basic concepts of artificial intelligence, particularly deep
neural networks and (3) Propose a new digital and sustainable business model of an

organization.
5 Conclusions

Integrating service and sustainability learning into both curricular and extracurricular
programs requires significant effort from educators. However, the benefits for all
stakeholders - students, teachers, and the broader community - are substantial. One
of the primary challenges for educators is finding ways to embed service and
sustainability learning within the curriculum while ensuring alignment and coherence
across content areas. Additionally, the planning and execution of activities demand
careful spatial and temporal coordination. For students, this approach is not only
engaging and dynamic but also enhances their understanding of academic content in
innovative ways. Moreover, it fosters the development of digital competencies,
essential soft skills such as teamwork, critical and creative thinking, and social
awareness. By engaging with real-world challenges, students become more attuned
to the needs of their communities and learn to approach social, economic, and
environmental issues with a problem-solving mindset, positioning themselves as
catalysts for meaningful change. Although the proposed integrated approach proves
valuable in many educational programs, its application tends to be limited in strictly
theoretical disciplines or those lacking a practical, real-world component.
Implementing this approach faces organizational and practical challenges, primarily
due to a lack of relevant knowledge and skills among educators, many of whom may
not have a background in sustainability. Additionally, limited infrastructural capacity,
such as inadequate access to appropriate technologies, physical space, and available
time, can significantly hinder the development of effective, practice-based solutions

that contribute to society and support sustainable practices.
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1 Introduction

Fiscal policy and its proper management are among the most important and vital
components for economic development of the country. It also plays a crucial role
in addressing social and economic inequality within the population. Through fiscal
policy mechanisms, governments aim to support and promote economic
growth.The role of fiscal policy in the long-term growth process has been crucial in

macroeconomics since the emergence of endogenous growth models (Paparas, D.,
Richter, C. and Paparas, A., 2015)

The purpose of this research is to analyze the impact of fiscal policies on the
economic growth of Kosovo, Albania and North Macedonia for the period 2000-
2022. To further specify this research, the econometric model was built, where the
main independent variable is the GDP as the main indicator of economic
development, whereas the dependent variables in this model are: inflation, income,

gross debt and government spending,.

The Republic of Kosovo as a new state, independent from 2008, continues to work
on the consolidation of fiscal policy and their compatibility with European Law,
practices and standards. Stimulating economic development continues to be a very

important challenge for the Republic of Kosovo.

Countries like North Macedonia that aim to boost economic development can
achieve this through fiscal policies that include stimulating domestic and foreign
investments, moderate taxes for businesses, investments in infrastructure,
healthcare, and education, thereby promoting the creation of new jobs and

consequently economic growth.

Both countries, North Macedonia and Albania Albania are facing challenges in
managing public debt, may encounter fiscal difficulties in the future if effective
measures are not implemented to reduce it. To avoid these challenges, it is necessary
to adopt measures such as cutting inefficient expenditures, combating the informal
economy, diversifying revenue sources, and promoting innovations that stimulate

economic development.
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2 Literature review

The research carried out in North Macedonia examines how public debt affects
GDP growth in the Republic of Macedonia. The OLS fitted line revealed a negative
correlation between public debt and economic development in the country. Based
on the VECM results and co-integration test there exists a long run relationship
between public debt and real economic growth. There is an ongoing link between
public debt and actual economic development. Empirical data show a negative
association between initial debt and long-term growth. Increasing the initial public
debt by 10% typically leads to a 1.3 percentage point decrease in real GDP growth
(Sadiku, L., Bexheti, A., & Sadiku, M., 2018, May).

The study conducted by Velichkovska, K., & Sadiku, L., (2019) examines how
government expenditures affect economic growth in the Republic of Macedonia
from 2000Q1 to 2016Q4. The analysis shows that increasing government spending
has a beneficial impact on GDP, supporting the idea of expansionary fiscal policy.
Reforming the country's public expenditure system, particulatly increasing capital

expenditures, is crucial for driving economic growth.

Both Macedonia and Romania have a lengthy history of a relationship between
governmental debt and GDP. This demonstrates that shifts in public debt have a
consistent impact on economic development. In the short run, there appears to be
an inverse link between rising public debt and GDP. This indicates that increased
public debt may limit economic development in the short term (Moysova Kyoseva,
N., 2016).

A paper conducted by (Shijaku G. &., 2013) analyzes the effects of fiscal policy on
the economic growth of Albania. The research finds that the policies of the Albanian
government on income have a higher effect than the government's policies on
government spending. In this research, tax revenues are categorized into distorting
and non-distorting, whereas the government expenditures into productive and non-
productive. The research also finds that the increase in public debt has a negative

effect on the economic growth of Albania.
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The findings of the research conducted by the Petrevski, G., Trenovski, B., &
Tashevska, B, (2019) study the macroeconomic effects of fiscal and monetary
policies in Macedonia and their interactions during the years 2000-2014. The main
findings of this research are below: first, an increase in public spending results in
lower economic activity, higher public debt and loss of foreign exchange reserves;
Second, an increase in public revenues has positive output effects coupled with rising
prices, increased foreign exchange reserves and a modest reduction in public debt;
Third, a central bank interest rate increase produces conventional negative effects
on economic activity, followed by a fall in the price level; Fourth, monetary and fiscal
policies act as strategic substitutes; And fifth, our estimates of fiscal multipliers imply

non-Keynesian fiscal policy effects.

According to research done by (Gllogjani, 2022), government revenues, indirect
taxes, government expenditures, current expenditures, fiscal deficit, exports,

imports, and higher education have a significant impact on economic growth.
3 Methodology

The main objective of this research is to analyze the impact of fiscal policies on the
economic growth of Kosovo, Albania and North Macedonia for the period 2000-
2023. So this research shows what impact fiscal policies have on the economic
growth of the countries of Kosovo, Albania and North Macedonia. The main
variables of this research are: Gross Domestic Product (GDP), Inflation (INFL),
Income (REV), Gross Debt (GDEBT), Government Expenditure (Gex). The
scientific methodology that has been applied in this study is the quantitative method.
The data that will be used in the research are secondary data and have been generated
from official data published by the World Bank, the IMF and the Kosovo Statistics
Agency. The results of this study will be analyzed through the Stata program. The
research questions of this study are:

1. How does the change in inflation affect the GDP growth of Kosovo,
Albania and North Macedonia for the period 2000-2023?

2. How does the change in gross debt affect the GDP of Kosovo, Albania and
North Macedonia for the period 2000-2023?

3. What is the relationship between inflation, income, gross debt, government
spending, and GDP?
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The main hypotheses of this research are:

H - the increase in income, gross debt, government spending negatively affects the
GDP of Kosovo, Albania and North Macedonia.
H; - the increase in income, gross debt, government spending does not negatively
affect the GDP of Kosovo, Albania and North Macedonia.

Table 1: Description of the variables included in the econometric models

Variables Var{ab%e Data source
description

Produk i (World Bank, Annual Reports, Time Series 2000-2023,

Dependent ust n.d)(World Bank, Annual Reports, Time Series 2000-2023,
. Brendshém Bruto

Variable (Y) GDP n.d)

( ) https://data.worldbank.otg/
Independent (World Bank, Annual Reports, Time Series 2000-2023,
Variable Inflation (INFL) Ej; (World Bank, Annual Reports, Time Series 2000-2023,
(X2) https://data.worldbank.org/
Independent (International Monetary Fund, Time series 2000-2023,
Variable Revenu (REV) 233 (World Bank, Annual Reports, Time Series 2000-2023,
(X3) https://www.imf.org/en/Home
Ind dent (International Monetary Fund, Time series 2000-2023,
fACPEndent | Gross Debt n.d)(World Bank, Annual Reports, Time Series 2000-2023,
Variable
(X4) (GDebt) n.d)

https://www.imf.org/en/Home

Independent | Government (World Bank, Annual Reports, Time Series 2000-2023,
Variable expediture (GEx) Ej) (World Bank, Annual Reports, Time Series 2000-2023,
(X4) https://data.Wotldbank.org/

Source: Data processing by author (2024)

To test the hypotheses of this study, the econometric model nust be built to prove these hypotheses.
This econometric model will look like the following:

GDPit = fy + fiINFLit + p» REVit + p; GDEBTit + piGExit + it

Where:

GDRP - Gross Domsestic Product
INFL - Inflation

REYV - Revenue

GDebt— Gross Debt

GEx - Government Excpenditure
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stochastic variables (other factors not considered in the model)
1— code and t — time period

4 Results

In this section of the research, will be analyzed the findings and the results of the
study titled

"Impact of fiscal policy on the economic growth, for the Republic of Kosovo,
Albania and North Macedonia will be interpreted. The data used in this study are
secondary data processed in the STATA program and are presented within the panel
data. This testing will be done using standard multiple regression analysis, fixed
effect model, random effect model, Hausman Taylor Estimation, GMM Model,
Arellano Bond Estimation, GEE model. In Table 2 we find summarized the results
of the econometric model which will be interpreted through the GMM Model.

Table 2: Summary empirical results from the econometric model

Random
Effeccts . )
) Linear Generalized Fixed Hausman GEE GMM
Variables . o Effects Taylor o o
Regression Least Squares Reoressic Reoressi Model Model
N egtession egression
(GL 8 8
Regression
GDP - - - - - -
Inflation_ 7332434 7332433 7332433 7332433 7332433 | -.3804178
interpolate (0.000)*** (0.000) *x (0.000) **+* (0.000) (0.000)%+* | (0.003)***
Revenue_ 1.284205 1.284205 1.284205 1.284205 1.284205 2.201331
interpolate (0.000)*** (0.000) *x (0.000) *x (0.000)*** (0.000y*#* | (0.000)***
GrossDebt_ -.070662 -.070662 -.070662 -.070662 -.070662 .5075103
interpolate (0.054)** (0.049) ** (0.059) ** (0.052) ** (0.045)** | (0.000)***
GovernmentExpediture_ -.1846434 -.1846434 -.1846434 -.1846434 1846434 1.6442
interpolate (0.095)* (0.089) * (0.101) (0.092) * (0.083)* (0.072)*
R Square 0.5077
Adj. R? 0.4719

Source: Authot's calculations in Stata (2024)
significance level 10%
** significance level 5%

***% 1% significance level

GDPit = o + fiINFLit + p REVit + 3 GDEBTit + f4GExit + pit
GDPit = fy— 0.3 it + 2.20 it + 0.50 it + 1.64 it + pit
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B4INFL - if Inflation increases by one unit, keeping other factors constant, then
GDP will decrease by 0.3 units. This statement is true at the 5% significance level,
because the significance level is 0.003 < 0.05.

B2REV - if income increases by one unit holding other factors constant then GDP
will increase by 2.20 units. This statement is true because the significance level is
0.000 < 0.05.

BsGDEBT - if Gross Debt increases by one unit keeping other factors constant then
GDP will increase by 0.50 units. This statement is true because the significance level
is 0.000 < 0.05.

B4GEx - if Government Spending increases by one unit holding other factors
constant then GDP will increase by 1.64 units. This statement is true because the
significance level is 0.072 < 0.10

The R Square correlation coefficient is 50.7%, so the correlation between dependent
and independent variables is 50.7%. While the coefficient of determination Adj. R2
is 47.19%, so 47.19% of the dependent variables explain the independent variable.

Through the results of the multiple standard regression analysis using the GMM
Model, we can come to the conclusion that all variables are significant and have
statistical significance and have an impact on the GDP of Kosovo, Albania and
Macedonia. Based on the results, we can conclude that the increase in income, gross
debt, and government expenditures have a positive effect on the GDP of Kosovo,
Albania and North Macedonia. So the hypothesis Ho is rejected and H; is accepted.

5 Discussion

The findings on the impact of inflation align with general economic theory and
numerous other studies in the field. Additionally, the observed correlations, despite
variations in intensity, are consistent with previous research Bexheti, A., Sadiku, L.,
& Sadiku, M, (2018). However, certain sector-specific correlations do not exhibit
similarly positive results, such as the relationship between inflation and education
expenditures (Kamberaj, 2024, July 1). Moreover, the stronger impact of income (2.2
units) compared to expenditures (1.64 units) does not align with fiscal multipliers
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and requires further analysis to determine the underlying reasons and causality.
These differences may stem from the low institutional capacity, lack of transparency,
and inefficiency in public expenditures within the respective countries. A particularly
challenging finding relates to the impact of public debt, especially in North
Macedonia and Albania, where debt levels have surpassed the optimal debt-to-GDP
ratio (52-54%), as identified in other research papers Fetai, B., Avdimetaj, K.,
Bexheti, A., & Malaj, A, (2020). Meanwhile, a study conducted by the Riinvest
Institute concluded that Kosovo should consider restructuring budget expenditures
to encourage investments in education, health, and research in order to boost

competitiveness and economic growth (Riinvest Institute, 2024).
6 Conclusions

Based on statistical results generated through calculations in Stata using the GMM
model, it is evident that inflation negatively affects the economic growth of Kosovo,
Albania, and North Macedonia. High inflation can create uncertainty in the
investment market and, in addition, the rise in the general price level will reduce the
consumption, thereby negatively impacting economic growth. The statistical results
also indicate that gross debt has a positive effect on the economic growth of Kosovo,
Albania, and North Macedonia for the period 2000-2023, but not at all threshold
levels. If gross debt is utilized for investments development projects in
infrastructure, and policies aimed at economic recovery, it can stimulate economic
growth. The study finds that increases in income, gross debt, and government
expenditures positively influence the GDP of these countries. This research suggests
the following key recommendations: The governments of Kosovo, Albania, and
North Macedonia should prioritize strengthening institutional capacity and
increasing investments in infrastructure, education, healthcare, and other critical
sectors for economic development. However, it is crucial to ensure that gross debt
remains under control, particularly in the cases of North Macedonia and Albania.
During economic downturns, governments should implement stronger fiscal
policies and adopt countercyclical fiscal measures to sustain economic activity and

prevent downturns.
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This paper examines the environmental-corporate-societal Ke-"‘"}‘:‘dsz
SG,
performance of Hungary, Czechia, Poland, and Spain through an gender equality,

index-based approach, incorporating gender equality as a key ‘Q“St"‘i‘T‘*bm;siﬁ”’“
dimension. The research aims to assess how gender disparities,
particularly the gender pay gap, influence sustainability-related
performance in these countries. The methodology employs a
composite index integrating environmental, corporate, and
societal indicators, weighted according to multiple scenarios to
ensure robustness. The findings reveal significant variations
among the analysed countries, highlighting the impact of gender
disparities on corporate and societal outcomes. The results
suggest that nations with narrower gender pay gaps tend to
perform better in sustainability-related metrics, underlining the
interdependence of economic inclusion and sustainable
development. However, data availability and methodological
constraints pose certain limitations. The paper provides insights
for policymakers and business leaders seeking to enhance gender
equality while fostering sustainable corporate and societal
practices. The originality of this research lies in its
multidimensional index approach, offering a novel perspective on
the intersection of gender equality and sustainability performance

across diverse European economies.
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1 Introduction

The pursuit of gender pay parity has a long-standing history, dating back to the 1857
strike by approximately forty thousand textile industry workers in New York, who
demanded equal wages and reduced working hours (England et al., 2020). Despite
nearly 170 years of progress, gender-based wage disparities persist as a global issue.
The gender pay gap (abbreviation: GPG), defined as the difference in average
earnings between men and women, remains one of the most widely recognized yet
contentious forms of social inequity. Extensive research has identified key
contributing factors, such as unequal access to education, occupational segregation,
discrimination, caregiving responsibilities, and unpaid labour, yet the gap persists
significantly (Jurado de los Santos et al., 2020). While recent years have seen some
progress, the pace of change toward gender parity in economic opportunities
remains slow. Recognizing these challenges, the European Union (abbreviation: EU-
27)'s 2020-2025 Gender Equality Strategy aims to create a society whete individuals,
irrespective of gender, have equal opportunities to pursue their chosen careers, attain
economic prosperity, and participate in governance. However, the most recent data
from 2021 reveals that, on average, women in the EU earned 12.7% less than men,

with substantial variations across member states (Leythienne & Pérez-Julian, 2021).
2 Literature Review

Gender equality has been a key focus in international human rights, particularly
within the United Nations (abbreviation: UN) Sustainable Development Goals
(abbreviation: SDGs). The 1945 UN Charter first recognized it as a fundamental
principle, and this commitment has since been integrated into international laws and
policies. The Universal Declaration of Human Rights also incorporates gender
equality into international human rights law (Hashmi, 2019). Gender equality is a
core principle of the UN's Sustainable Development Goals, with SDG5 directly
addressing it and SDG10 focusing on reducing inequalities more broadly. This
reflects the recognition that achieving sustainability and social justice requires
including all individuals regardless of gender (Rebelo & Guimaries, 2022). The
principle of equal pay for equal work was first introduced in the Treaty of Rome and
reinforced through EU-27 legislation, including the Equal Treatment Directive. This

directive prohibits direct and indirect pay discrimination, requiring gender-neutral
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job classification systems (Lavena & Riccucci, 2012). Wage disparities continue due
to structural and cultural factors. Gender stereotypes lead to women being
concentrated in lower-paying jobs and industries. Obstacles like the "sticky floot"
and "glass ceiling" hinder women's career advancement and access to senior roles.
Additionally, unequal caregiving responsibilities compel women to seek flexible but
lower-paid work, impacting their participation in the labour market (Hsieh et al,,
2023). These systemic issues contribute to wage discrimination, undermining equal
pay. To address persistent inequalities, the EU-27 has launched key initiatives such
as the Gender Equality Strategy and the Pay Transparency Directive. These aim to
tackle pays and pension gaps, unequal representation in decision-making, and
gender-based violence and stereotypes. The Directive promotes transparency
through objective pay structutes, salary disclosures, and reporting mechanisms
(England et al., 2020). However, its implementation remains uneven across Member
States, and its effectiveness is contingent upon robust enforcement and integration
into broader gender equality frameworks (Boll & Lagemann, 2019). While the legal
and institutional frameworks are well-established, the persistence of gender
inequality in practice reveals a gap between formal commitments and lived realities.
This highlights the need for a shift beyond compliance toward transformative
approaches that address the structural and cultural reproduction of inequality.
Gender equality and ESG are increasingly interconnected. ESG's social component
aligns with gender equality goals like diverse workplaces and fair pay. Investors
prioritize gender pay transparency as a key sustainability metric (Hu et al., 2023).
Companies committed to gender equality drive social progress and financial
performance. As the ESG framework evolves, regulatory developments such as the
Pay Transparency Directive are expected to play a more central role in shaping
corporate social performance metrics. Enhanced gender-related disclosures in ESG
reporting frameworks are not only a matter of compliance but also reflect growing
expectations for corporate accountability and inclusive governance (Zahid et al.,
2023). In this context, artificial intelligence (abbreviation: Al) is increasingly
employed in ESG data analysis, risk assessment, and reporting automation. Al can
boost the detail and effectiveness of gender-related disclosures, but it also raises
concerns about algorithmic bias, especially if the underlying data reflect existing

inequalities.
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3 Methodology

This paper examines the relationship between gender parity and sustainability across
four European nations: Hungary, Poland, Czechia, and Spain. These countries were
chosen due to their diverse economic and social development paths, varying GPGs,
and differing sustainability strategies. The analysis provides a comparative
assessment of how gender equality and sustainability performance intersect in these
diverse environments. Particularly, the research examines the interplay between
environmental performance, corporate competitiveness, and societal well-being,
while accounting for the influence of gender-based wage gaps. By integrating these
multifaceted dimensions, the paper endeavours to offer insights into how gender
equality shapes broader economic and sustainability dynamics within diverse

national settings.
3.1 Data Sources

This paper used various data sources to analyse the gender pay gap and its underlying
causes. Eurostat data provided a foundation, examining the unadjusted gender pay
gap - the difference in average gross houtly earnings between men and women. The
Eurostat dataset covers 2010 to 2021 and includes organizations with at least ten
employees, excluding agriculture. To supplement this, data from the Hungarian
Central Statistical Office was incorporated, offering insights specific to Hungary.
Unlike Eurostat, KSH data encompasses all economic sectors and compares the
monthly gross average earnings of full-time employed men and women, providing a

broader perspective on wage disparities.
3.2 Indices

The paper used various indices to analyse gender equality, including the Gender
Equality Index (European Institute for Gender Equality, 2025) (abbreviation: GEI),
Gender Inequality Index (Nations, 2025b) (abbreviation: GII), and Gender
Development Index (Nations, 2025a) (abbreviation: GDI). The GEL used by the
EU-27, considers economic, political, and social factors influencing gender equality,
tracking progress and highlighting top performers. The GII examines gender
disparities in education, employment, and politics. The GDI provides insights into



D. Sztojkov, G. Z. Macher: Gender Equality and the Esg Performance: An Index-Based
Comparative Analysis of Hungary, Cgechia, Poland, and Spain With a Focus on the 389
Gender Pay Gap

gender-based differences in economic and educational opportunities across
countries. These indices offer a nuanced understanding of gender-based wage

inequalities within broader socioeconomic conditions.
3.3 Data Processing and Standardization

To ensure consistency and comparability, the data was carefully processed. All
country-level data went through rigorous cleaning and standardization to account
for differences in economic development and social factors. This involved
normalizing datasets and aligning them with internationally recognized methods to
maintain reliable comparisons. Trends in the gender pay gap between 2010 and 2021
were examined using data from Eurostat and KSH, as well as other relevant
economic and social indicators. When analysing changes in gender pay disparities, a
focus was placed on the relationship between economic performance and social
policies in different countries. The paper compared the GEIL, GII, and GDI indices
to gain deeper insights into gender disparities and their socioeconomic implications.
By examining these indices together, the research aimed to capture the complex
nature of gender inequalities and their impact on wage differences. The findings not
only present statistical data but also provide context through a systematic analysis of
gender-based inequalities, secking to understand the underlying causes of the gender

pay gap and lay the groundwork for future policy decisions.
4 Results

The findings show an overall improvement in gender equality across the studied
countries, though the pace and extent vary. Spain made the most notable progress,
with its GII increasing from 0.90 to 0.94 and its GEI rising from 0.66 to 0.76. This
suggests Spain has significantly reduced gender disparities and empowered women
across socioeconomic areas. Poland also exhibited steady advancement, with GII
improving from 0.83 to 0.89 and GEI increasing from 0.56 to 0.62, indicating a
gradual yet consistent enhancement of gender equality. In contrast, Hungary showed
the least improvement, with GII moving only slightly from 0.75 to 0.76 and GEI
rising modestly from 0.52 to 0.57, implying slow and limited gender parity gains. The
Czech Republic, starting from a higher baseline, recorded moderate gains, with GII
increasing from 0.61 to 0.88 and GEI from 0.56 to 0.58, suggesting a more moderate
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pace of progress in bridging the gender gap. Further analysis revealed significant
variation in the degree of change. Hungary exhibited the most limited progress, with
a 28.94% decline in its gender equality measure, indicating potential stagnation or
regression. Conversely, the Czech Republic achieved the most substantial
advancement, with a 74.31% increase in gender equality, suggesting the effectiveness
of gender-focused policies and broader socioeconomic shifts. Poland and Spain
recorded moderate improvements of 7.3% and 13.22%, respectively, reflecting
steady but less dramatic transformations in gender equity. Based on the data, varying
trends can be observed among the analysed countries between 2010 and 2021. In
Hungary, the decrease in the index (from 0.2340 to 0.1663) indicates a negative
change, while a significant improvement is observed in the Czech Republic (from
0.2520 to 0.4393). Both Poland and Spain exhibit an upward trend; however, the
magnitude of growth is milder in Poland (from 0.5903 to 0.6334) and more
pronounced in Spain (from 0.6328 to 0.7165). These differences may suggest that
the impact of economic, social, or other development measures varies by country.
Consequently, further analysis in regions exhibiting a declining trend is

recommended to identify the underlying causes of the negative changes.
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Figure 2: Comparing gender equality index values from 2010 to 2021 for the countries
examined.
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The analysis of the studied countries suggests three distinct patterns in their gender
equality trajectories. Spain and Poland, with relatively high initial and final gender
equality values, have undergone gradual but consistent improvements. In contrast,
Hungary stands out as an outlier with the slowest progress, while the Czech Republic
demonstrates the most significant advancement in gender equality. These varied
outcomes underscore the complex interplay of policy frameworks, labor market
structures, and socioeconomic conditions in shaping gender equality progress. The
observed patterns highlight the multifaceted nature of gender inequality, which is
influenced by policy, labor market, and broader societal factors. While the overall
trajectory indicates progress, the variations across countries emphasize the need for
targeted policy interventions to further bridge gender disparities and sustain
advancements. The findings suggest that policy consistency, economic stability, and
societal attitudes play pivotal roles in shaping the extent of gender equality progtress

within each national context.
5 Discussion

The results of this paper demonstrate a nuanced and at times contradictory
association between gender equality indicators and the GPG. While metrics such as
the GEI and GDI were expected to exhibit a negative correlation with the GPG,
implying that improvements in gender equality correspond with a narrowing of the
pay gap, the empirical data shows that this relationship is not consistent across all
countries. Likewise, the GII was anticipated to show a positive correlation with the
GPG, yet in certain instances, the findings diverge from this assumption. The
analysis shows that in Spain, improvements in gender equality are strongly linked to
a reduction in the GPG. However, the findings for Hungary challenge this pattern,
as the gender development index had an unexpected correlation, and the gender
equality index and gender inequality index exhibited weak and contradictory
relationships with the GPG. The results for Czechia and Poland fall between these
two extremes, with Czechia demonstrating stronger associations in certain areas,
while Poland shows no clear correlation. The use of broad gender equality indices,
such as the GEI, GDI, and GII, has limitations in accurately capturing specific
economic inequalities like the GPG. While these indices provide valuable insights
into overall gender parity, they often overlook key dimensions of labour market

dynamics, economic structures, and national policy environments that shape pay
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inequities (Ghosh & Ramanayake, 2021). For instance, countries with strong social
protections and collective bargaining systems often achieve relatively low GPG
levels despite differing gender equality profiles (Sterling et al., 2020). This paper
emphasizes that while gender equality indices provide valuable insights, they alone
cannot capture the nuances of the GPG. Policymakers should adopt a more
comprehensive approach, accounting for labor market dynamics, social policies, and
economic structures (The Nordic Gender Effect at Work, 2019). Digitalization is
transforming gender data collection and analysis, with Al and algorithms increasingly
used in ESG and labour market monitoring. While these technologies can enhance
GPG tracking and policy evaluation, they also raise concerns about data bias and
algorithmic bias, especially when trained on datasets reflecting historical inequalities.
Responsible and transparent Al use is crucial to ensure digital tools support, not
undermine, gender equality efforts. Closely monitoting the EU's Pay Transparency
Directive is vital, as past studies suggest pay transparency can reduce wage gaps, but

its success hinges on strong enforcement and broader policies.
6 Conclusions

This paper examines the complex relationship between gender equality and GPG.
While indices like the GEI, GDI, and GII provide valuable insights into overall
gender equality, their correlation with wage disparities varies across countries. The
findings suggest that in some cases, such as Spain, these indices align with expected
trends, but in others, like Hungary and Poland, the relationship is weaker or
contradictory. These results indicate that broader gender equality does not always
directly translate into wage parity. Factors like economic structures, labor market
policies, and social norms play a significant role in shaping wage disparities, which
composite indices may not fully capture. This aligns with previous research
highlighting the need for more targeted measures to address gender wage inequalities
beyond general equality frameworks. The paper emphasizes the importance of policy
interventions, such as the EU Pay Transparency Directive, which could be a crucial
step in closing the GPG. However, the directive's impact will depend on how
countries implement and enforce it. Future research should track these
developments and assess the directive's effectiveness in reducing wage dispatities.
Despite progress toward gender equality, eliminating unjustified pay differences

remains challenging even in highly developed economies. A multifaceted approach,
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combining policy reforms, labor market interventions, and continuous monitoring

of wage data, will be essential for achieving gender pay equity.
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1 Introduction

The dramatic changes of modern times have brought a range of economic and
environmental challenges that affect society and individuals. Rapid economic
growth, population increase, and globalization have increased resource use, making
environmental and social impacts central topics in academia and policy (Wuaten,
2022). Concerns about sustainability have expanded beyond environmental
protection, now encompassing broader social and economic aspects. In this context,
education, an institution with wide societal influence and direct involvement in
socioeconomic structures, must adapt and respond to these evolving challenges
(Aikowe, 2021). The education system performs eight crucial functions: melding
individual character, transmitting culture, upholding or altering social structures,
fostering economic development, legitimizing political frameworks, promoting
social cohesion, offering direct services, and either enabling or impeding societal
change, while simultaneously serving as a wellspring of personal fulfilment (Sujitjorn
& Lertsuksombat, 2019). The complex interplay between education, society, and the
economy has only intensified over time, evolving into a global preoccupation due to
expansion and globalization. Since its inception, the demand for high-calibre
knowledge and expertise has been consistently rising. In modern society, this
tendency has further escalated with the growing recognition of human capital as a
pivotal asset for both competitiveness and sustainability. However, knowledge
attainment can no longer be solely confined to acquiring essential skills for task
execution (Kim & Park, 2020). The processes and settings of teaching and learning
have undergone substantial transformations, with methods and tools continuously
evolving. The increasing availability of information, driven by digitalization and
innovative pedagogical approaches, has made learning more accessible than ever
(Srivastava, 2023). Consequently, knowledge development is expanding beyond
traditional schooling and formal education, emphasizing non-traditional and
informal learning environments. This shift underscores the emergence of lifelong
learning (abbreviation: LLL) (Jackson, 2023; Kitagawa, 2021). The growing influence
of artificial intelligence is transforming learning and lifelong education, presenting
both challenges and opportunities for the education system. Al integration enhances
personalized experiences, accessibility, and new knowledge acquisition methods to
address societal and technological changes. LLL is essential for a sustainable future.
In a "knowledge-based society," individuals must continuously update their

knowledge and skills to contribute to environmental preservation (Kanwar et al.,
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2019). This paper examines the LLL paradigm from a sustainability-focused
viewpoint. It analyses key metrics pertaining to environmental, social, and
governance aspects in nations with economic circumstances analogous to Hungary's.
By employing a "green lens," the research aims to provide meaningful insights into

the function of LLL in promoting sustainable development.
2 Theoretical Background

The extant literature underscores that the ongoing advancement of learning not only
bolsters the development of individuals and their adaptability to the workforce, but
is also a pivotal factor in fostering sustainable social, economic, and environmental
systems (Aikowe, 2021). The UN's 2030 Agenda accentuates the role of education
in realizing the Sustainable Development Goals (abbreviation: SDGs), particulatly
by cultivating mindsets and skills that support sustainability (Carney & Carty, 2024).
Hence, learning serves not merely as a means for personal fulfilment but can catalyse
social transformation that contributes to the long-term achievement of the SDGs.
The connection between LLL and sustainability is underpinned by the
acknowledgment that the knowledge required for sustainable development is
dynamic, continuously evolving and being renewed (Ugwuoke et al, 2021).
Educating people is key to helping them adapt to sustainability challenges. It raises
environmental awareness, spreads knowledge about climate change, and encourages
the use of new eco-friendly technologies. The diverse modalities of LLL - formal,
non-formal, and informal - can all foster education for sustainability (Aikowe, 2021).
Formal education can teach sustainable development. Non-formal and informal
learning can help workers and communities update their sustainability knowledge.
This is crucial for the environment, social and economic sustainability. Continuous
learning can reduce inequalities and improve social cohesion (Battistella et al., 2021).
Research shows that LLL helps achieve wider SDGs. Education can reduce poverty
by giving people skills for financial independence. It also promotes gender equality
by opening up educational and job opportunities for women (Piao & Managi, 2023).
Continuous learning makes the workforce more flexible and innovative, which
supports sustainable economic growth and good jobs (Khan et al., 2023). LLL is
crucial for promoting sustainable development. It can cultivate attitudes supportive
of sustainable lifestyles and help individuals and organizations understand and
address sustainability challenges (Ugwuoke et al., 2021). Through continuous skill
development, LLL enables sustainability at both individual and structural levels.
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3 Methodology

This paper aims to examine and compare the participation in lifelong learning
activities across countries that have economic conditions similar to Hungary. By
analysing the rates and patterns of lifelong learning engagement in these peer
countries, the paper seeks to provide insights into the relationship between

economic development and lifelong learning opportunities.
3.1 Countries Included in the analysis

The countries were selected based on a multi-pronged approach. The primary
criterion was economic similarity, as measured by per capita purchasing power
parity. This was necessary to ensure comparability. The categorization was based on
a preliminary clustering using the Youth Progress Index, which allowed for the
identification of countries with similar economic development levels. The specific
countries were randomly chosen from the relevant sample. This selection considered
the need to represent different geographical regions, providing an opportunity to
analyse region-specific traits. Estonia, a Baltic state and EU digital education leader,
Greece, representing Southern Europe, and Turkey, an emerging Eurasian economy,
were included. This selection strategy ensured economic similarity while also
offering insights into diverse geographical and cultural contexts, enabling an

examination of varied lifelong learning participation trajectories.
3.2 Selected Indicators and Indices

Considering data availability, the years 2016 and 2022 were chosen as the reference
years for analysis. The selection was influenced by two factors: methodological
changes at both national and international levels were consolidated by 2016, making
prior LLL-related data incomparable, and the most recent data available across all
indices were from 2022. The indices selected for comparison were chosen to ensure
the inclusion of key educational and social indicators. The research utilized three key

international indices to assess lifelong learning participation. These included:

— The Sustainable Development Goals index (abbreviation: SDG index),
which measures progress towards the UN's Sustainable Development Goals
and incorporates indicators related to the quality and accessibility of

education.
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— The Youth Progress Index (abbreviation: YPI), which evaluates a country's
capacity to provide young people with opportunities for self-actualization,
including education and adult learning, based on a range of metrics.

— The Social Progress Index (abbreviation: SPI), an assessment of social
progress that examines countries' provision of basic human needs, well-

being, and developmental opportunities.
3.3 Standardisation and Analytical Methods

To begin, the baseline data with diverse units and dimensions is standardized into a
common metric scale, following established methodologies (Macher et al., 2023;
Macher & Szigeti, 2024). Next, a benchmark is defined by comparing the values of
EU-27 Member States to the maximum value in the sample. This is followed by
calculating the Euclidean distance, which quantifies how far the indicators are from
a specific reference point. Finally, an integrated index with consistent dimensions is
computed to enable a three-dimensional matrix analysis. Results should be
interpreted with caution, as a small sample may not represent the broader

population.
4 Results

In line with our research objectives, we conducted an index-based data analysis for
the period 2016-2022 across four selected countries with similar economic
conditions. Following data collection and standardization, we determined the
Euclidean distance measure and the adaptive development index for ecosystem
services. The average index value for the analysed countries was 75.75 in 2016,
increasing to 77.36 in 2022 (Figure 1.) The results indicate that in 2016, Turkey had
the lowest index value (0.1636), followed by Greece (0.8100). Estonia led in lifelong
learning participation. By 2022, Hungary’s performance declined to an index value
of 0.7400, reflecting a -5.89% decrease. Turkey remained the lowest-ranking country
but showed the most significant improvement (+21.57%) from 2016 levels. Greece
exhibited a slight decrease (-0.9%), indicating stagnation.
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Figure 1: Comparative analysis of calculated integral indices

Comparing our findings with EUROSTAT data, we observe that Estonia is the only
country that surpassed its pre-pandemic (2019) performance. The results suggest
that the examined countries can be categorized into two groups, with Estonia

significantly outperforming the other three in lifelong learning engagement (Figure
2.).
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Figure 2: Comparative analysis of LLL and standardised indices
5 Discussion

This research aligns with prior work examining the relationship between
sustainability and lifelong learning, building upon existing frameworks through a

novel index-based methodology. Previous studies have underscored education's role
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in cultivating sustainability by shaping attitudes and conduct (Michel, 2020). The
current findings expand upon this foundation by incorporating quantitative metrics
to evaluate the impact of lifelong learning on sustainable development. Prior
research has often focused on the qualitative aspects of sustainability education, such
as curriculum development and instructional approaches. In contrast, this paper
leverages international indices to offer a more data-driven perspective, illuminating
the relationships between educational metrics and sustainability goals (Peters et al.,
2024). For instance, work by organizations like UNESCO has emphasized the need
for a comprehensive approach to sustainability education, which this analysis
complements by providing empirical insights detived from index-based assessment
(Redman & Wick, 2021). This paper offers a novel methodological approach that
departs from conventional research focused primatily on policy implications. This
interdisciplinary framework can be applied across diverse educational settings.
Importantly, our research underscores how lifelong learning shapes sustainable
practices at both the individual and societal levels. The findings corroborate the
argument regarding the need to align educational initiatives with the United Nations'
SDGs (Filho et al.,, 2023). By analysing SDG-related indicators, our paper offers
additional empirical support for the notion that tailored educational strategies can
foster sustainable outcomes (Filho et al., 2023). While prior research has primarily
examined the role of higher education in sustainability, this work expands this focus
to encompass lifelong learning, including adult education and continuous

professional development.
6 Conclusions

This investigation has elucidated the pivotal nexus between sustainability and
lifelong learning, underscoring how education can function as a catalyst driving
sustainable development. By adopting an index-based methodology, we have
furnished empirical evidence that lifelong learning occupies a fundamental role in
cultivating sustainable practices, exerting influence on both individuals and societal
frameworks. The results of this paper highlight the imperative of embedding
sustainability principles within lifelong learning frameworks, ensuring that
educational initiatives at all levels advance global sustainability objectives. Moreover,
the findings demonstrate that interdisciplinary methodologies, particularly those
leveraging quantitative data, can generate valuable insights into the relationship

between education and sustainability. Although our research offers valuable insights,
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it also has certain limitations, such as the scope of the indices employed and the
geographical constraints of the data. To build upon these findings, future studies
should incorporate a wider range of datasets and delve deeper into regional
disparities. Furthermore, additional investigations into the direct impact of policy
implementation on sustainability outcomes would provide valuable insights.
Ultimately, lifelong learning must be continually supported and advanced to address
the challenges of sustainability. By cultivating knowledge acquisition, skill
improvement, and behavioural modification, education can serve as a driving force
in realizing sustainable development, not merely as an end goal, but as a fundamental

component of a more sustainable future.
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Integrating Artificial Intelligence (Al) in Human Resource
Management (HRM) has transformed traditional HR practices,
enhancing efficiency and decision-making through data-driven
insights. This study investigates the impact of Al on HRM
practices, specifically focusing on its influence on recruitment
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1 Introduction

The rapid advancement of Artificial Intelligence (AI) has transformed various
sectors, notably Human Resource Management (HRM). This study investigates the
impact of Al on HRM practices, specifically focusing on its influence on recruitment
processes and the barriers faced by job seckers in this evolving landscape. There is
a strong indication that the future of HRM practices will be marked by extensive
digitalization and increased virtualization, driven by Al technologies. This shift aims
to achieve a sustainable competitive advantage through enhanced human capital and
HRM practices that align with Industry 4.0 standards. Allowing It emphasizes smart
factories and the digitization of production and business operations, allowing for

greater efficiency, flexibility, and customization.

If we seek to identify all Al techniques currently aiding business functions, an
important question emerges: are they genuinely applicable to different HRM

functions?

This suggests that there is still substantial work to be done, requiring future
researchers to systematically identify and evaluate the relevance of Al techniques for
specific HRM tasks. Additionally, the systematic literature review (SLR) reveals a
research gap concerning the outcomes of Al in HRM. Previous studies have largely
overlooked the analysis of how Al-driven HRM outcomes connect to broader

organizational results.
2 Theoretical Background /Literature Review

Many researchers agree that Al can significantly benefit organizations. When applied
to the recruitment process, Al helps manage large volumes of applicants by
streamlining tasks such as resume screening, ensuring a faster and more efficient
evaluation process Frai]&Laszl6 (2021). The practical application and benefits of Al
in recruitment present a paradox. While there is broad consensus about its potential,
challenges arise in its use. For instance, if Al relies on human decision-making
patterns derived from the data it analyses, it may replicate past decisions based on
established trends in recruitment and selection. This highlights the importance of
considering human judgment when utilizing Al-driven recruitment tools, as they
may reinforce existing biases or patterns (Dessler, 2020). Similarly, if we aim to
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capture all the Al techniques currently supporting business functions, a key question
arises: are they truly applicable to various HRM functions? This indicates that much
work remains to be done, with future researchers needing to systematically identify
Al techniques and assess their suitability for specific HRM functions. Furthermore,
the systematic literature review (SLR) highlights a gap in research on the outcomes
associated with the use of Al in HRM. There is a significant void in previous studies
regarding the analysis of how HRM outcomes, driven by Al implementation, relate
to broader organizational outcomes. Columbus (2018) found that HR departments
leveraging Al-driven analytics were able to forecast staffing needs by analysing

historical data, market trends, and employee performance metrics.

Expert System Theory in Recruitment applies the principles of expert systems to
automate and enhance the decision-making process in recruitment and talent
management Walley (1996). Expert systems theories are used to explore the
diffusion of Al has been used from Golec & Kahya, (2007) in performance
management and recruitment and selection embraced the theory of constructing
hierarchies for competency-based evaluation and selection of job applicants in the

recruitment and selection process Daramola, Oladipupo & Musa, (2010).

The Technology Acceptance Model (TAM) explains how users come to accept and
use new technologies. It focuses on two main factors: perceived ease of use and
perceived usefulness. Application in HRM: TAM can be applied to understand how
HR professionals and employees perceive Al tools in HR processes such as
recruitment, performance management, and learning & development. If users
believe Al tools are easy to use and helpful in improving HRM outcomes, they are

more likely to accept and integrate them into their practice Binns (2018).
3 Methodology

A structured questionnaire was developed to explore multiple dimensions of
Artificial Intelligence (Al) in Human Resource Management (HRM), specifically
focusing on the areas of recruitment and selection. The questionnaire was designed
to capture insights on several key aspects, including perception, usability,
effectiveness, and the challenges associated with the use of Al technologies in HRM
practices. By addressing these diverse factors, the survey aimed to provide a

comprehensive understanding of how HR professionals view Al tools and their
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impact on the recruitment and selection process. The questions formulated for this
research were crafted by synthesizing recent studies on the intersection of artificial
intelligence (Al) and human resource management (HRM). This involved a
comprehensive analysis of various Al applications currently employed in the
recruitment and selection processes. Additionally, the research incorporated an
examination of relevant theoretical frameworks, including expert system theory and
the technology acceptance model, to better understand the implications and
effectiveness of these Al tools in HR practices. By integrating these diverse sources
of information, the research aims to provide a nuanced perspective on the role of

Al in enhancing HRM strategies.

To ensure clarity and precision, the survey was composed primarily of objective
questions, which enabled respondents to provide specific, measurable responses.
These objective questions were crafted to gather in-depth insights into the
application, challenges, and effectiveness of Al in the recruitment and selection
process. By using structured questions, the survey aimed to minimize ambiguity and
allow for comparability across responses. The questionnaire was distributed online
to HR staff. The data collected was subsequently analyzed but only in the descriptive
analysis, allowing for the identification of insights that reflect the general attitudes
and experiences of HR professionals with Al technologies.

4 Results

The survey was distributed to HR professionals from a broad range of industries,
ensuring a diverse and representative sample of respondents. It was also distributed
to managers and executive directors in smaller firms that do not have HRM
departments, considering that they are responsible for hiring decisions. Trying to
facilitate a robust response rate, was essential for ensuring the validity and reliability
of the findings. From the distributed questionnaires we had 81 responses, in the
following figure we can see the variety of the sectors that we had and we had 74
responses from the specific sectors and 7 from other fields that were not identified.
The percentage of the responses is highest in the private sector with 33.8% and
lowest in consulting and NGOs with 6% to 8 %.
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Sector that you work
74 responses

@ Public Sector

@ Private Sector

@ Trade
/ @ Manufacturing
Hé @ suE

@ Retail
@ Consulting
33.8% ® NGO
172V

Figure 1: Responses on the sectors of respondents

The study highlights the need for strategic implementation of Al tools in HRM,
ensuring ethical considerations and employee buy-in. The findings contribute to the
understanding of Al's evolving role in HRM and provide actionable insights for
organizations seeking to leverage technology in their HR practices. In the question
regarding do they believe that Al has a significant role in transforming HR practices
as recruitment and selection 19.8% strongly agree. 66.7% agree, 11.1% are neutral
and 3.17 disagree. In the questions regarding how familiar are they with the use of
Al in recruitment and selection 22.2% responded that are very familiar 64.2 %
responded that they were somewhat familiar and 13.6% responded that they were
not familiar at all.

How familiar are you with the use of Artificial Intelligence (Al) in recruitment and selection?
81 responses

Very Familiar 18 (22.2%)

Somewhat Familiar 52 (64.2%)

Not Familiar at All 11 (13.6%)

0 20 40 60

Figure 2: Familiarity of Al in R&S
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In Figure 3 below we see that chatbots for screening are the most used with 51.9%in
our research Al-driven chatbots being used to engage with candidates, answer
questions, schedule interviews, and provide real-time updates. They improve the
candidate experience and make the recruitment process more efficient. Research by
Tambe, Cappelli & Yakubovich (2019) highlight how Al-based algorithms help to
filter candidates based on relevant skills and experience, significantly speeding up
the hiring process. From our responses Video Interviewing platforms are also used
in the recruitment process with 34.6 % of the respondents using it, followed by
applicant tracking systems with 33.3% usage and almost 15 % of not using it at all

in their organizations.

Which Al tools/technologies are currently being used in your organization's recruitment
process? (Select all that apply)

81 responses

Applicant Tracking Systems (A...

Chatbots for Screening 42 (51.9%)

Resume Parsing Software 26 (32.1%)

Predictive Analytics 21 (25.9%)

Video Interviewing Platforms (A... 28 (34.6%)
Al-based Assessment Tools 12 (14.8%)
None 12 (14.8%)
Other (please specify) 1(1.2%)
0 10 20 30 40 50

Figure 3: Usage of Al in R&S by HRM

There are several barriers that HRM and their professionals face when implementing
these technologies. These obstacles include concerns of Over-reliance on
technology with the responses of almost 50% in our research, lack of human touch
43 % of respondents, data privacy responses of around 37.5 %, ethical
considerations, and limited understanding and difficulty in interpretation also an

issue therefore the adaption on Al tools.
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Challenges and Limitations: What challenges have you encountered with Al in recruitment and
selection? (Select all that apply)

80 responses

Lack of Human Touch 35 (43.8%)

Over-reliance on Technology 39 (48.8%)
Data Privacy Concerns 30 (37.5%)
Limited Understanding of Al Tools 28 (35%)
Difficulty in Interpreting Al Reco... 17 (21.3%)
High Cost of Al Implementation 10(12.5%)

Other (please specify)

Figure 4: Challenges and Limitations in using AI in HRM

5 Discussion & Conclusions

This research provided valuable insights into the adoption and integration of Al in
Human Resource Management (HRM), offering a comprehensive understanding of
its impact on recruitment and selection processes. It highlighted not only the
numerous benefits that Al brings to HR practices, such as increased efficiency,
reduced bias, and enhanced decision-making but also the barriers and limitations

that are faced by organizations.

Results from this research indicate that Al significantly enhances recruitment
efficiency by automating candidate sourcing and screening, while also improving
employee engagement through personalized communication and feedback
mechanisms. However, challenges such as data privacy concerns and resistance to

change were identified.

The findings contribute to the understanding of Al's evolving role in HRM and
provide actionable insights for organizations secking to leverage technology in their
HR practices. Through this research, valuable insights were gathered regarding the
adoption and integration of Al in HRM, highlighting both the benefits and the
barriers faced by HR professionals. These insights are crucial for understanding how
Al is shaping the future of recruitment and selection and what improvements or

adjustments might be needed to maximize its potential in HR practices. Key findings
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indicate that while Al enhances efficiency and candidate screening accuracy, it also
introduces significant barriers for job seekers, including algorithmic bias, lack of
transparency in Al decision-making, and the impersonal nature of Al interactions.
The study concludes that while Al has the potential to revolutionize HRM practices,
there is an urgent need to address the ethical implications and accessibility issues to
create a more inclusive recruitment environment. Recommendations for HR
practitioners are provided to ensure that Al tools are implemented in a manner that
supports rather than hinders job seckers. The benefits of Al in recruitment among
others are higher efficiency, reduced bias, better candidate experience, and more
accurate data analytics. The discussion surrounding the role of human emotions in
the recruitment process highlights the potential drawbacks of relying solely on Al
software. While Al can undoubtedly enhance efficiency and minimize human error,
an over-reliance on technology may lead to a depersonalized recruitment experience,
resulting in diminished empathy and understanding between candidates and

recruiters.

Incorporating human emotions into decision-making is crucial, as it fosters
meaningful connections that can significantly influence a candidate's experience and
perception of the organization. Future research should focus on finding the right
balance between harnessing the strengths of Al and acknowledging the irreplaceable
value of human interaction in recruitment. It is essential to explore how to integrate
Al in a manner that complements, rather than replaces, the human element in

recruitment processes.

Limitations of the study; The study is subject to several limitations, primarily due to
the small number of respondents and the limited number of organizations currently
employing Al throughout the recruitment process. This may affect the findings and
depth of the insights that can be drown of this research. To enhance the robustness
of future research, it would be beneficial to include a larger and more varied sample
of respondents and organizations. This would provide a more comprehensive
understanding of the impact of Al on recruitment processes and allow for richer

insights that could inform best practices in the field.
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1 Introduction

The integration of artificial intelligence (Al) and blockchain in the supply chain,
besides contributing to the economic growth of countries («The Visegrad Group
and the Industry 4.0», 2020) also enhances its sustainability by improving efficiency,
minimizing waste, and ensuring ethical sourcing (Dagou & Gurgun, 2024; Onyeaka
et al., 2023; Pap et al., 2025). While blockchain boosts traceability and accountability
(Dagou & Gurgun, 2024), Al optimizes resource use and promotes circular economy
practices, i.e., reusing, repairing, and recycling materials (Hasan et al., 2023; Liu et
al., 2023; Onyeaka et al., 2023). However, not all organizations are ready to
implement Al promptly in the face of SC uncertainties (Chowdhury et al., 2025;
Rashid et al., 2025), so they must develop capabilities to assess Al’s impact on
sustainable SC performance, fostering innovative environmental solutions and
boosting efficiency and resilience (Barhmi et al., 2024; Chowdhury et al., 2025). This
shift requires adopting a circular economy model, which contrasts with the
traditional linear "take, make, dispose" approach by prioritizing waste reduction and
resource efficiency (Amoah et al., 2022).

This paper hypothesises that Al-driven digital supply chains, real-time tracking and
proactive maintenance reduce waste and environmental impact. The remainder of
the paper is structured as follows: Section 2 reviews the theoretical foundations
of supply-chain management and the circular economy; Section 3 details the
Summative Content Analysis methodology; Section 4 presents the results; Section 5
discusses practical and theoretical implications; and Section 6 concludes the study

and outlines recommendations for future research.
2 Theoretical background
Supply chain

SC covers the process from raw material supply to product distribution, including
production, processing, transportation, and distribution (Sutar et al., 2024). Due to
the interconnectivity of product components, SCs can quickly become complex and
fragile (Hasan et al., 2023), a complexity that underlines the relevance of Industry
4.0 technologies, or “smart manufacturing,” including Al, IoT, and big data
analytics, which boost efficiency, flexibility, and agility while mitigating business risks
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(Rashid et al., 2025). Al, in particular, strengthens SC's adaptability and resilience to
dynamic customer demands (Barhmi et al., 2024; Kusiak, 2023).

Also, servitization is increasingly integrated with Industry 4.0, fostering digital
transformation that improves efficiency and competitiveness (Chowdhury et al.,
2025). These technologies enable autonomous SCs capable of predictive analytics
for improved decision-making, where IoT supports real-time monitoring and cost

reduction in SC management (Kusiak, 2023).

These theoretical views highlight the strategic role of Industry 4.0 in SC
management. Thus, the resource-based view emphasizes disruption mitigation and
profitability (Javed et al, 2024), while dynamic capability theory emphasizes
flexibility in adopting new technologies. Moreover, digital SCs encourage circular
economy practices, supporting UN sustainable development goals, whereas
business-to-business and industrial chain theories provide frameworks for resilience

strategies in disruptive scenarios (Sutar et al., 2024).
Circular economy

Circular economy (CE) is essential for sustainable SC management (SSCM),
promoting reuse, recycling, and remanufacturing to facilitate smarter use and
manufacture of products (Liu et al., 2023). Circular SCs follow a five-stage life cycle:
design, production, delivery, operation, and end-of-life (Acerbi et al, 2022).
Faramarzi-Oghani et al. (2022) highlight key sustainability indicators and
performance optimization methods. However, emerging technologies and resource
scarcity, intensified by the COVID-19 pandemic, present both challenges and
opportunities for SSCM (Sarkis, 2022).

Some benefits of CE include economic growth, supported by EU strategies
benefiting society, industry, and the environment (Onyeaka et al., 2023), as well as
business and employment opportunities, particularly in industries like plastics
(Kahlert et al., 2022), while reducing resource exploitation and pollution, promoting
sustainable growth (Ahmed et al., 2022).
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Moreover, Industry 4.0 technologies—Al and big data analytics—boost efficiency and
risk mitigation in SC operations (Rashid et al., 2025). Digitalizing SCs also reinforces
CE practices, aligning with the UN Sustainable Development Goals (Sutar et al.,
2024), where Al facilitates data collection for sustainability, mostly in manufacturing,

3 Methodology

Summative Content Analysis (SCA) was applied to eight open-access Web of
Science-indexed articles (December 2024 - March 2025) identified using “Artificial
Intelligence,” “Supply Chain,” and “Circular Economy,” arranged from newest to
oldest. SCA systematically merges quantitative content analysis with interpretive
qualitative insights, providing a robust framework for examining textual data.

The papers included are:

1. Industry 4.0 Technologies (Procedia Computer Science) (Kopeinig et al.,
2024).

2. Digital learning, big data analytics, and mechanisms for stabilizing and
improving supply chain performance (Barhmi et al., 2024).

3. The role of advanced technologies and supply chain collaboration: during
COVID-19 on sustainable supply chain performance (Javed et al., 2025).

4. Smart product platforming powered by Al and generative Al
Personalization for the circular economy (Akhtar et al., 2024).

5. Utilizing intelligent technologies in construction and demolition waste
management: From a systematic review to an implementation framework
(Wu et al., 2024).

6. Accelerate demand forecasting by hybridizing CatBoost with the dingo
optimization algorithm to support the supply chain conceptual framework
precisely (Abed, 2024).

7. 'The future of green skills for the manufacturing sector (Lagorio et al.,
2024).

8. Integrating Industry 4.0 for enhanced sustainability: Pathways and
prospects (Khan et al., 2025).
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SCA starts by tallying specific words or content to identify patterns (Hsieh &
Shannon, 2005) and then goes beyond mere frequencies to explore deeper
contextual or latent meanings (Krippendorff, 2013). Researchers first select and
quantify relevant terms, generating a basic overview; they then investigate how and
why these terms are used to reveal interpretive layers not evident from counts alone
(Hsieh & Shannon, 2005). By examining both manifest and latent content, SCA
uncovers broader cultural, social, or psychological influences on language choices
(Elo & Kyngis, 2008).

4 Results

All eight atticles spotlight Industry 4.0 and Al/machine learning, emphasizing data-
driven decision-making, advanced manufacturing, and predictive analytics for SC
optimization. Big data analytics appear in seven, while #7 referenced “data analysis
skills” more indirectly; IoT likewise features in seven (#4 centered on generative Al).
Five pieces (#1, #2, #3, #7, #8) discuss digital SCs, linking transformation to
operational or sustainability benefits. Six (#1, #3, #4, #5, #7, #8) highlicht CE
concepts (resource recovery, waste reduction, end-of-life strategies), three address
predictive maintenance (#1, #2, #8), and another three end-of-life management
(#4, #5, #8). Organizational frameworks and barriers, including policy, training, and
readiness, are explored in six (#1, #3, #5, #7, #8, and #2 to some extent).

Digital SC and CE often ovetlap—particularly in #1, #3, #5, and #8—where real-
time data suppotts resource efficiency and closed-loop operations. Al/Industry 4.0
is near-universal, ranging from algorithmic breakthroughs (#2, #06) to connectivity-
driven frameworks (#1, #8). Predictive maintenance (#1, #2, #8) is consistently
linked to reduced downtime and waste, while end-of-life management (#4, #5, #8)
involves digitally tracking products to facilitate reuse and recycling. All studies note
efficiency gains (e.g., lower inventory, energy savings) and environmental benefits,
with policy, governance, and skills (in #1, #2, #3, #5, #7, #8) as critical enablers,
stressing cross-sector collaboration and regulatory alignment for full digital-circular

implementation.
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5 Discussion

Al-driven SC analytics can significantly advance CE practices by integrating Al, IoT,
and big data analytics for real-time resource tracking, predictive maintenance, and
optimized end-of-life product management (Liu et al., 2023; Onyeaka et al., 2023).
Predictive analytics and automated resource allocation further boost decision-
making in SCs, helping firms anticipate disruptions, minimize surplus inventory, and
align with CE principles (Hasan et al., 2023). Al-driven transparency also strengthens
sustainability compliance and stakeholder confidence (Dagou & Gurgun, 2024).

However, challenges persist. Many organizations, especially SMEs, lack the expertise
and resources to incorporate Al into current SC systems (Chowdhury et al., 2025),
and data security and ethical concerns remain pressing (Dagou & Gurgun, 2024).
Policy support is vital for guiding environmentally and socially responsible Al
integration (Rashid et al., 2025). Collaboration among industry, policymakers, and
tech providers is needed to overcome these obstacles and accelerate Al-based CE

models.
6 Conclusions

The eight studies highlight key barriers—limited public awareness, technological
support, and policy frameworks—and confirm the importance of Al, digital SCs,
predictive maintenance, and end-of-life management. All eight report that Al and
Industry 4.0 enhance sustainability, six explicitly promote CE strategies, three
examine predictive maintenance, and three focus on end-of-life recovery. This
supports the hypothesis that Al-driven, real-time trackin,g and proactive
maintenance reduce waste and environmental impact, provided organizations align

these tools with supportive policies and skill-development measures.

The study’s originality lies in its empirical focus on AI’s contribution to circular SCs,
thus adding to sustainable SC literature. However, reliance on secondary data and
potential bias in content analysis are noted limitations. Future research should
include empirical case studies and longitudinal approaches to better assess Al’s long-

term effects on circular SCs.
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Finally, Al-driven analytics offers a promising route to achieving sustainability goals.
By addressing existing obstacles and fostering cross-sector collaboration, businesses

can leverage Al to create resource-efficient, resilient, and circular SC ecosystems.

Overall, this study set out to determine whether — and in what ways — Al-enabled
supply-chain analytics support circular-economy objectives through real-time
transparency and predictive maintenance. By synthesising insights from eight recent
empirical studies, it contributes a focused understanding of how data-centric
decision-making, powered by Industry 4.0 technologies, can shrink material
footprints and extend product life-cycles. Future research should validate these
mechanisms in longitudinal, multi-tier case studies across diverse industries; quantify
the social-economic trade-offs of large-scale Al adoption; and explore governance

models that protect data privacy while encouraging cross-industry collaboration.

References

Abed, A. M. (2024). Accelerate demand forecasting by hybridising CatBoost with the dingo
optimisation algorithm to support supply-chain conceptual framework precisely. Frontiers in
Sustainability, 5, 1388771. https://doi.org/10.3389/ frsus.2024.1388771

Acerbi, F., Sassanelli, C., & Taisch, M. (2022). A conceptual data model promoting data-driven
circular manufacturing. Operations Management Research, 15(3), 838—857.
https://doi.org/10.1007/512063-022-00271-x

Ahmed, Z., Mahmud, S., & Acet, H. (2022). Circular economy model for developing countries:
Evidence from Bangladesh. He/iyon, 8(5), €09530.
https://doi.org/10.1016/j.heliyon.2022.¢09530

Akhtar, P., Ghouri, A. M., Ashraf, A., Lim, J. J., Khan, N. R., & Ma, S. (2024). Smart product
platforming powered by Al and generative Al: Personalisation for the circular economy.

International Journal of Production Economics, 273, 109283. https://doi.otg/10.1016/j.ijpe.2024.109283

Amoah, P., Gebrezgabher, S., & Drechsel, P. (2021). Safe and sustainable business models for water reuse in
aquaculture in developing conntries. International Water Management Institute (IWMI) & CGIAR
Research Program on Water, Land and Ecosystems.Resource Recovery and Reuse Series 20.
46p. https://doi.org/10.5337/2021.212

Barhmi, A., Slamti, F., Laghzaoui, S., & Rouijel, M. R. (2024). Digital learning, big-data analytics and
mechanisms for stabilising and improving supply-chain performance.

International Journal of Information Systems and Project Management, 12(2), 30—47.
https://doi.org/10.12821/ijispm120202

Chowdhury, S., Ren, S., & Richey, R. G. (2025). Leveraging artificial intelligence to facilitate green
servitisation: Resource orchestration and re-institutionalisation perspectives.

International Journal of Production Economics, 281, 109519. https://doi.otg/10.1016/jijpe.2025.109519

Dagou, H. H., & Gurgun, A. P. (2024). Blockchain and Al for sustainable supply-chain management
in construction. In C. Kahraman et al. (Bds.), Inzelligent and Fugzy Systems (Vol. 1090, pp. 350—
359). Springet. https://doi.org/10.1007/978-3-031-67192-0_41



9™ FEB INTERNATIONAL SCIENTIFIC CONFERENCE: SUSTAINABLE MANAGEMENT

422
IN THE AGE OF ESG AND Al: NAVIGATING CHALLENGES AND OPPORTUNITIES

Elo, S., & Kyngis, H. (2008). The qualitative content-analysis process. Journal of Advanced Nursing,
62(1), 107-115. https:/ /doi.org/10.1111/j.1365-2648.2007.04569.x

Faramarzi-Oghani, S., Dolati Neghabadi, P., Talbi, E. G., & Tavakkoli-Moghaddam, R. (2023).
Meta-heuristics for sustainable supply-chain management: A review. International Journal of
Production Research, 61(6), 1979-2009. https://doi.org/10.1080/00207543.2022.2045377

Hsieh, H.-F., & Shannon, S. E. (2005). Three approaches to qualitative content analysis.

QOunalitative Health Research, 15(9), 1277-1288. https://doi.org/10.1177/1049732305276687

Javed, A., Basit, A., Ejaz, F., Hameed, A., Fodor, Z. J., & Hossain, M. B. (2024). The role of
advanced technologies and supply-chain collaboration during COVID-19 on sustainable
supply-chain performance. Discover Sustainability, 5, 46.

https://doi.org/10.1007/s43621-024-00228-z

Kahlert, S., & Bening, C. R. (2022). Why pledges alone will not get plastics recycled: Comparing
recyclate production and anticipated demand. Resources, Conservation and Recycling, 181, 106279.
https://doi.org/10.1016/j.resconrec.2022.106279

Khan, M. 1., Yasmeen, T., Khan, M., Hadi, N. U,, Asif, M., Farooq, M., & Al-Ghamdi, S. G. (2025).
Integrating Industry 4.0 for enhanced sustainability: Pathways and prospects.

Sustainable Production and Consumption, 54, 149—189. https://doi.org/10.1016/j.spc.2024.12.012

Kopeinig, J., Woschank, M., & Olipp, N. (2024). Industry 4.0 technologies and their implications for
environmental sustainability in the manufacturing industry. Procedia Computer Science, 232,
2777-2789. https:/ /doi.org/10.1016/j.procs.2024.02.095

Krippendorff, K. (2013). Content Analysis: An Introduction to Its Methodology (3td ed.). SAGE.

Kusiak, A. (2023). Smart manufacturing. In S. Y. Nof (Ed.), Springer Handbook of Automation (pp. 973—
985). Springer. https://doi.org/10.1007/978-3-030-96729-1_45

Lagorio, A., Colombo, B., Cimini, C., & Gaiardelli, P. (2024). The future of green skills for the
manufacturing sector. IFAC-PapersOnl ine, 58(19), 533-538.
https://doi.org/10.1016/j.ifacol.2024.09.267

Liu, L., Song, W., & Liu, Y. (2023). Leveraging digital capabilities toward a circular economy:
Reinforcing sustainable supply-chain management with Industry 4.0 technologies. Computers
& Industrial Engineering, 178, 109113. https://doi.org/10.1016/j.cie.2023.109113

Onyeaka, H., Tamasiga, P., Nwauzoma, U. M., Miri, T., Juliet, U. C., Nwaiwu, O., & Akinsemolu, A.
A. (2023). Using artificial intelligence to tackle food waste and enhance the circular economy:
Maximising resource efficiency and minimising environmental impact.

Sustainability, 15(13), 10482. https:/ /doi.org/10.3390/sul51310482

Pap, J., Maké, Cs., Horvath, A., Baracskai, Z., Zelles, T., Bilinovics-Sipos, J., & Remsei, S. (2025).
Enhancing supply-chain safety and security: A novel Al-assisted supplier-selection method.
Decision Making: Applications in Management and Engineering, 8(1), 22—41.
https://doi.org/10.31181/dmame8120251115

Rashid, A., Baloch, N., Rasheed, R., & Ngah, A. H. (2025). Big-data analytics—artificial intelligence
and sustainable performance through green supply-chain practices in manufacturing firms of
a developing country. Journal of Science and Technology Policy Management, 16(1), 42—67.
https://doi.org/10.1108/JSTPM-04-2023-0050

Sarkis, J. (2022). The circular economy and green supply chains. In Glbal Logistics and Supply-Chain
Strategies for the 2020s: Vital Skills for the Next Generation (pp. 83—100). Springer.
https://doi.org/10.1007/978-3-030-95764-3_5

Sutar, P. S., Kolte, G., Yamini, S., & Mathiyazhagan, K. (2024). Food supply-chain resilience in the
digital era: A bibliometric analysis and development of a conceptual framework.

Journal of Business & Industrial Marketing, 39(9), 1863-1893. https://doi.org/10.1108 /JBIM-10-2023-
0587

The Visegrad Group and the Industry 4.0. (2020). Proceedings of the 215t Eurgpean Conference on Knowledge
Management. https:/ /doi.org/10.34190/EKM.20.113

Wu, Z., Pei, T, Bao, Z., Ng, S. T., Lu, G., & Chen, K. (2024). Utilizing intelligent technologies in
construction and demolition waste management: From a systematic review to an



R. 8. Lodar-Miculeac et al.: 1everaging AI-Driven Supply Chain Analytics for Accelerating
the Circular Economy: A Focus on Real-Time Resource Management and Extended Product 423
Life-Cycles

implementation framework. Frontiers of Engineering Management.
https://doi.org/10.1007/s42524-024-0144-4



9™ FEB INTERNATIONAL SCIENTIFIC CONFERENCE: SUSTAINABLE MANAGEMENT

424
IN THE AGE OF ESG AND Al: NAVIGATING CHALLENGES AND OPPORTUNITIES




CRITERIA TO SUPPORT THE
TRANSITION TOWARDS CIRCULAR
SUPPLY CHAINS — INTEGRATING
LEGAL, PRACTICAL AND
ACADEMIC PERSPECTIVES

ANDREA PELZETER, SILKE BUSTAMANTE,
MARTINA MARTINOVIC, ROXANA ZIMMERMANN

Hochschule fiir Wirtschaft und Recht Betlin, Berlin, Germany
andrea.pelzeter@hwr-berlin.de, silke.bustamante@hwr-berlin.de,
martina.martinovic@hwr-berlin.de, roxana.zimmermann@hwr-berlin.de

Circular Economy (CE) has emerged as a trend in both practical
and academic discourse and has recently been adopted into core
EU sustainability legislation such as the Eco-Design Directive.
Redesigning supply chains to incorporate principles of circularity
bears the potential to enhance sustainability performance.
However, to date, holistic, inclusive, and versatile frameworks
that support this redesign are missing. Based on this, the present
paper introduces such a framework and discusses the current
state and comprehensiveness of its included metrics. An analysis
of documents stemming from academic, practical and legal
discourses was conducted in order to identify CE criteria and
indicators, and consequently, these were synthesised in an
integrated framework. The framework contains 29 categories, 73
criteria and 408 potential indicators assigned to the four
dimensions: “Environmental”, “Economic”, “Social” and
“Governance”. The integration of the different discourses
enabled the development of a comprehensive set covering a wide
range of metrics. Still, some important content gaps and
methodological limitations have been identified that should be
rectified to further refine the framework.

978-961-286-984-7

Keywords:
circular economy,

circular supply chains,

sustainable supply chain

management,
criteriz

indicators

JEL:
M10,
M1




9™ FEB INTERNATIONAL SCIENTIFIC CONFERENCE: SUSTAINABLE MANAGEMENT

426
IN THE AGE OF ESG AND Al: NAVIGATING CHALLENGES AND OPPORTUNITIES

1 Introduction

In today’s interconnected economy, companies across vatious sectors participate in
global supply and value chains (GSVCs). This poses different sustainability
challenges and therefore, various stakeholder groups as well as core legislative
frameworks of the EU Green Deal increasingly demand the reporting, monitoring
and enhancement of the sustainability performance in GSVCs. Related to this, the
circular economy (CE) has been introduced as a normative framework in both
practical and academic sustainability discourse. CE-related aspects have also been
recently adopted into core EU sustainability legislation, such as the Eco-Design
Directive or the Corporate Sustainability Reporting Directive (CSRD). Therefore,
companies nowadays are increasingly challenged to enhance both the overall
sustainability performance of GSVCs as well as integrating CE-related principles

into their operations.

While redesigning supply chains to incorporate principles of circularity bears the
potential to enhance sustainability performance (Agyabeng-Mensah et al., 2023), the
pursuit of such transformation mandates a deeper understanding of the
environmental, social and economic aspects and measures decision-makers need to
consider and prioritise in global supply chain management. The importance of key
performance indicators (KPIs) and measurement frameworks to assess and enhance
sustainability performance in supply chain management has been widely
acknowledged (Panigrahi et al., 2019). However, existing assessment frameworks
often exhibit critical shortfalls, such as inadequate adaptability to specific industry
needs (Toubolic & Walker, 2015) or a lack of consideration of particular
sustainability dimensions (Negri et al., 2021). Also, assessment frameworks for
general sustainability performance and circularity performance seem so far to be
somewhat disconnected (Allen et al., 2021) as sustainability frameworks fail to
integrate circularity metrics comprehensively. These gaps highlight the pressing need
to develop more holistic, inclusive, and versatile frameworks that support the

transition to circular supply chains.

This paper aims to contribute to fulfilling this need. It presents an integrated
framework, developed by identifying and synthesising currently discussed CE
criteria and indicators in both academic literature as well as documents stemming

from the practical and legal realm, and discusses the current state and
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comprehensiveness of included metrics. The framework can serve as a basis for
industry-specific performance measurement sets and further development of
strategies for circular supply chain (CSC) management. The rest of the paper is
structured in the following way: First, the core concepts of CE and CSCs, which
serve as a background for the research, are discussed (Ch. 2). Then, the methodology
(Ch. 3) and the results of the study (Ch. 4) are presented, before the paper ends with
a discussion (Ch. 5) and conclusion (Ch. 6).

2 Core concepts: circular economy and circular supply chains

There are different approaches to conceptualising the CE, but most definitions focus
on the minimisation of waste and resource use by circulating products and materials
within the economy for as long as possible. In accordance with this, Kirchherr et al.
(2017, p. 229) define CE as “... an economic system that replaces the ‘end-of-life’
concept with reducing, alternatively reusing, recycling and recovering materials in
production/distribution and consumption processes.” Furthermore, CE operates at
the micro, meso and macro level and is enabled by novel business models and
responsible consumers (Bressanelli et al.,, 2019). The so-called ‘10R-imperatives’
prescribe a hierarchical order of strategies for the transition towards a CE (see Figure
1). According to this concept, strategies that aim towards a reduction of resource
use and waste generation right from the beginning of a product’s lifecycle should be
prioritised. Therefore, the highest priority is given to those strategies that lead
towards a minimum use of resources by either refusing unnecessary products,
intensifying product use or reducing the material intensity of production. In the next
step, strategies such as reuse, repair, refurbishment or remanufacturing should be
applied to prolong the use of a product or its components before the return of

materials through recycling or recovery is considered.

The transition towards a CE has been framed as one of the main strategies for
achieving sustainable development (e.g., Murray et al., 2017). In CE literature, supply
chains are seen as a key enabler of the CE transition (Lahane et al., 2020). CSCs aim
to close, slow and narrow resource loops in their direct or broader realm of activities
(Farooque et al, 2019). However, while existing literature mostly provides
knowledge on the implementation of CE practices from a micro-perspective (e.g.,
the company-level) (Unal et al., 2019), as well as on the batriers and enabling factors
from a macro-perspective (e.g., on a policy-level) (Urbinati et al., 2021), the adoption
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of CE principles at the level of supply chains is still a poorly explored management
topic. A key question in this regard is how supply chain managers can evaluate
circular performance and create internal incentives that support the shift towards
CSCs (Ellen MacArthur Foundation, 2024). Notably, the development of robust and
standardised KPIs for CSCs is still in its infancy. In a literature review of CE
indicators for supply chains, Calzolari et al. (2022) indicate a lack of consensus on
which metrics and methods best capture circular performance, signalling a need for
research into adaptable, industry-specific KPIs that can reliably drive circular
practices. With CE indicators for supply chains stemming from different academic
threads, the literature on CSC indicators is still very fragmented. In addition,
Morseletto (2020) points towards the necessity of investigating not only existing but
also possible or advisable CE targets which have not yet been applied in practice.
Arguably, new targets are needed because existing ones only generally cover limited

arrays of CE solutions, such as recycling or efficiency improvement.

Make product redundant by abandoning its function or by offering

RORERES S same function with a radically different product
R1 Rethink g;oddl::atnlils_e Make product use more intensive (e.g., by sharing)
facture . . .
R2 Reduce Increase efficiency in product manufacture or use by consuming fewer
natural resources and materials
R3 Reuse Reuse of discarded product which is still in good condition and fulfils its
original function by another consumer 2
. Repair and maintenance of defective product so it can be used with its %
R4 Repair o X o
Bricng] original function 5
i o
R5 Refurbish lpl)friilzir;sc’f Restore old product and bring it up to date %
[
and its parts g
R6 Remanufacture Use parts of discarded product in new product with same function £
R7 Repurpose Use discarded product or its parts in new product with different function
Process materials to obtain same (high grade) or lower (low grade
R8 Recycle Useful quality (high grade) (low grade)
application
R9 Recover of materials Incineration of material with energy recovery

Figure 1: 10R-Strategies (Kirchherr et al., 2017)

3 Methodology

The framework development comprised a three-step procedure: First, a collection
of relevant documents from the political, practical and academic CE discourse

serving as a basis for the extraction of criteria and indicators took place. The final
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selection included four legal regulations, two practical and six currently published
academic frameworks. Second, these documents were analysed with regard to the
included criteria and indicators and the information identified was listed. Third, the
listed aspects were synthesised in an integrated framework covering four different
levels: dimensions, categories, criteria and indicators. While dimensions represent
overarching fields of topics in the area of sustainability, categories designate
individual subject areas contained in these dimensions. Based on widely used
concepts such as the Triple-Bottom-Line and the ESG principles, the four
dimensions “Environmental”, “Economic”, “Social” and “Governance” have been
incorporated into the framework. Criteria show targets within the individual
categories that are aimed at improving sustainability, and indicators represent
information that can be used for their measurement. After the framework
development, additional analyses were conducted in order to assess the current state
and comprehensiveness of included metrics: The numbers of categories, criteria and
indicators were determined and evaluated on an overall and dimension-specific level.
Beyond that, the CE specificity of each indicator, as well as its affiliation to the R-

strategies, was assessed and the assessment results analysed descriptively.
4 Results

The integrated framework developed in this study contains 29 categories, 73 criteria
and 408 potential indicators assigned to the four dimensions “Environmental”,
“Economic”, “Social” and “Governance”. Table 1 presents the concrete numbers
of categories, criteria and potential indicators assigned to each dimension. The
environmental dimension deals with topics such as material resources, waste, water, and
energy, as well as products and services offered. It comprises criteria, for example,
as reduced waste generation and use of material resources, as well as an
environmentally friendly and circular product design. The material intensity
represents an exemplary indicator identified in this dimension. The categories within
the economic dimension are addressing classic economically relevant topics such as costs,
revenues and efficiency. The associated criteria cover goals such as a reduction of
costs and risks, an increase of revenues and the efficient use of supply chain assets.
A potential indicator is the revenue generated from upgrade, repair and maintenance
services of products. The governance dimension covers topics such as sustainable
management, strategy and planning as well as external engagement. It comprises

criteria, for example, as an alignment of the company strategy to CE and an
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engagement with policymakers to support the transition to a CE. The latter can be
measured, for instance, by the existence of verifiable engagement formats. Finally,
the social dimension comprises the subject areas of health and safety, people and skills,
as well as a contribution to the local economy. The criteria assigned to these include
aspects such as the provision of decent work, training and other benefits for
employees or the safe and reliable product use for customers. An example of the
identified indicators is the number of fixed and variable jobs created by the CSC. A

summary of the framework can be found in the Appendix.

Table 1: Number of categories, criteria and potential indicators included in framework (own

analysis)
Dimension Categories Criteria Potential indicators
Environmental 10 30 228
Economic 11 16 89
Governance 5 18 49
Social 3 9 42

Measured against the numbers presented in Table 1, it can be seen that the CE
discourse, when viewed holistically, to date has focused especially on environmental
aspects, while social factors have received the least attention. Furthermore,
economic and governance aspects seem to be taken into account, however, to a
lesser extent than environmental ones. Besides that, when comparing the academic,
practical and legal discourse, it is noticeable that the scientific literature has produced
the most comprehensive frameworks to date, followed by the practical approaches
and finally the legal regulations. While all three strands cover the environmental
dimension, albeit to varying degrees, the economic and social dimensions in
particular appear to have received little consideration in the practical and legal
frameworks. In addition, gover-nance aspects appear to have been addressed
relatively comprehensively only in the practical discourse. Finally, only a small
number of criteria have been taken up in all three different discourses, primarily
stemming from the environmental (e.g., increase of material circularity) and partially

from the governance dimension (e.g., setting targets for CE transition).
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Table 2: Distribution of indicators with regard to reference levels (own analysis)

Level of refetence Absolute frequency Relative frequency
CE-specific assessment 152 37%
General sustainability 142 350
assessment
Both 114 28%

The investigation into whether the identified 408 indicators relate more to a CE-
specific or general sustainability assessment reveals the following (see Table 2): More
than a third of the indicators can be assigned to one of the two categories. In
addition, just under a third of the indicators relate to both approaches.

Finally, when analysing the relation of each indicator to the ten R-Strategies
described in chapter 2, the following picture appears (see Table 3): Although the first
two R-Strategies (RO-Refuse and R1-Rethink) represent the most important from a
CE perspective, up to now they are essentially not covered in legal, practical and
scientific frameworks. No indicator related to RO was present; only three indicators
related to R1 have been identified. Furthermore, all other strategies that are lower in
the hierarchy than these two (R2-R9Y) receive more attention, with strategies R4
(Repair) and R8 (Recycle) having the greatest prominence.

Table 3: Indicators' relations to R-Strategies (own analysis)

Relation to
R-Strategy

N/A | RO R1 R2 R3 R4 R5 Ro6 R7 R8 R9

Absolute

218 0 3 61 54 89 68 63 60 81 48
frequency

5 Discussion

The integrated framework described in the previous chapter presents a broad set of
criteria and indicators to support the transition to circular GSVCs. By bringing
together different discourses with different foci in relation to CE criteria and
indicators, it has been possible to develop a comprehensive catalogue that addresses
various relevant dimensions. In addition to CE-specific aspects, the framework also
includes more general sustainability-related aspects. This counter-acts the
disconnection problem between general sustainability performance and circularity
performance assessment frameworks and enables a synergistic consideration of

circularity and other sustainability aspects. The integration of legal, practical and
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academic perspectives has thus proven to be an effective approach to provide a more

holistic view.

Despite these positive aspects and the existing breadth of the set, some gaps have
been identi-fied. On the one hand, this concerns the need for greater elaboration of
the social dimension. On the other hand, further criteria and indicators need to be
integrated that relate to the most important, but so far hardly considered, R-
Strategies RO and R1. The latter underlines the already emphasised need in literature
to integrate new targets that go beyond recycling and efficiency improvement
approaches. However, it should be noted that these strategies are associated with
business model transformations, and therefore, the extent to which supply chain
management is a good starting point for this must be examined. Beyond that, when
looking more detailed at the level of indicators, it becomes obvious that some
indicators are not yet specified enough to enable clear measurement and therefore
need specification (e.g., “water emissions”). In addition, there are sometimes only
subtle differences between various indicators, highlighting the need to identify the
most suitable ones. While the breadth of the existing set can certainly be seen as a
strength in the sense of comprehensiveness, it also represents a challenge for
implementation in business practice. A future reduction of the framework to
prioritised aspects, determined, for example, with the help of a participatory research
approach, could provide a remedy here. Besides these content-related challenges,
some methodological limitations are also present: As the framework developed is
based on a limited selection of 12 documents, it is possible that additional important
aspects from other references have not been included. Furthermore, all statements
made in the previous and this chapter refer to the analysis of these selected sources
and therefore only hold true for them. An enrichment with other documents is
therefore advisable. In addition, when considering the demarcation of the foci of the
academic, practical and legal discourse, it should be kept in mind that these also have
links to each other. Another important methodological limitation is the subjectivity
in the formation of clusters and assignments to them as part of the framework
creation. This could be counteracted with a future external validation with experts.
Finally, in very rare cases, it was not possible to incorporate identified information
into the framework due to its lack of clarity. This could be rectified in future by

contacting the original authors and consulting with them.
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6 Conclusion

This paper dealt with the presentation and analysis of a framework to support the
incorporation of circularity principles in GSVCs. It was shown that the framework
covers a wide range of metrics (73 criteria and 408 potential indicators in 29
categories and four dimensions), which was made possible by the integration of three
different discourses (science, practice, law). In the medium term, the framework can
serve as a basis for developing industry-specific performance measurement sets
and/or deriving management strategies. However, before this is implemented,
future work should refine the framework by addressing important content and
methodological limitations identified during the analysis. In the long term, the use
of such a framework has important implications for the GSVC practice. It goes hand
in hand with changes in various areas such as product design, procurement or cross-
industry collaboration. Overall, the authors hope to have created a good basis for
promoting more circularity and sustainability in GSVCs in the future, even if the

framework still needs further refinement and therefore represents a work in

progress.
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Appendix: framework summary

Category Criterion Exemplary indicator
Reduce use of material Material intensity: Amount of kg materials per
resources in general product
Dectrease use of S .
.. % Critical inflow: (Mass of inflow defined as
harmful/hazardous/ critical . . . N
. critical/ total mass of linear inflow) * 100
materials
Decrease materials' Materials environmental impact: Average eco-
Material environmental impact cost per kg of material
ateria - : : :
resources Dectrease processing Processing environmental impact: Average eco-
environmental impact cost of processing per kg of material
Increase use of recyclable Fraction of cost spent on recyclable material to
material total cost of material
Material circularity: (Weighted) average
Increase material circularity percentage of circular inflow and percentage of
circular outflow
Increase overall circularity Number of circular processes/ circularity gaps
Amount of kg waste directed to disposal for
Reduce waste generation landfilling, incineration or other disposal
Waste operations
Implement environmentally Use of best available techniques in waste
sound waste management management as guiding principles
Reduce water use Water use
. . Circular water use: % (by volume) of water
Inctease water circularity
Water annually used reused elsewhere
Existence of plans to extract surplus nutrients,
Improve water treatment metals, chemicals, heat and similar valuable
resources before discharging the water used
Dectrease ener; .
cnetsy Cumulative energy use
consumption/use of enetgy
Energy Increase energy efficiency Fraction of energy loss
Use energy from renewable Fraction of energy purchased from renewable
sources sources
Land & Reduce land use change impact | Impact on deforestation
biodiver- . . . . .
iy Reduce soil use/depletion Soil use in production
Air Reduce aitr emissions Total eco-cost of fine dust and summer smog
. Amount of inventory in kg materials at a
Decrease inventory . R
specific point in time
Use “green” Acquisition of long-lasting and durable
Plant equipment/technology equipment
ani - — —
o ért Use plant, property, equipment Description of management status on digital
E }; mZ;u and assets that support circular systems that support circular products or
u . .
quip products and services services
and assets : — -
Use circular assets Acquisition of second-hand equipment
. Policies or agreements in place that enable
Apply circular asset . . .
recitculation for the end-of-use of assets in
management .
practice
Carbon

footprint

Reduce COze emissions

Total GHG produced per kg product




Category

Criterion

Exemplary indicator

Environmentally friendly and
circular product design

Product lifetime: The time period the product
functions as desired by the user

Environmentally friendly
product delivery

Number of empty trips in delivery

Environmentally friendly

Product Availability of environmental instructions
product use
Maintenance of functional .
Precautions for use
performance
Rate of actual product recovery by recove
Product recovery p ey y
type
Availability of services to
Setrvices enhance environmental Provision of technical support
sustainability and circularity
Costs Reduce costs Average materials price per kg of material
Revenue from upgrade, repair and maintenance
Revenues Increase revenues .
services of products
Profits from recovery activities, including
Profits Increase profits . . .
remanufacturing, recycling and disposal
Growth Increase market shatre Market share
Profita- .. .
bility Increase profitability Rate of return on capital
Risk Reduce risks Availability of assets/equipment
. Capacity utilisation: Output in kg materials per
Increase the efficient use of -apacity P § ma p
. . time petiod/Total available capacity in kg
Efficiency | supply chain assets . . .
J > materials per time period
Increase time-efficiency Production time
. Decoupling of financial . . ..
Producti- pPing . Circular matetial productivity: Revenue/Total
. performance and linear resource . .
vity . mass of linear inflow
consumption
Quality Increase quality Quality level of production
Increase customer satisfaction Customer satisfaction
Increase customer loyalty Customer loyalty
Customer Increase customer purchase . .
. . Customer purchase intention
intention
Increase customer retention Customer retention
Finance & | Sustainable investments Capital invested in sustainable solutions
invest- . . . Fraction of cost spent on CE technology to
Finance for circularity .
ments ’ total cost of investments
Employee-related health and Number of accidents/incidents in
Health and | safety compliance manufacturing
safety Safe and reliable product use for | Number of incidents of consumer complaints
customers
Increase in training Amount of training provided on CE
Provision of employment CSC jobs created: Number of fixed and variable
People opportunities jobs
and skills Provision of decent work Fair wage level
Provision of benefits for .
Expenditure on benefits for employees
employees
Contribu- Increase ethical and local . .
: . Fraction of local suppliers
tion to sourcing
local Increase donations to local

economy

communities

Donations to local communities




Category Criterion Exemplary indicator
Foster socially compatible . .
Y P Fraction of domestic value recovery
recovery processes
Implement economically Identification of explicit economic performance
sustainable management (of goals
Sustain- CSC)
able Implement environmentally e .. .
. Identification of explicit environmental
manage- sustainable management (of erformance ooals
ment CSO) P &
Implement socially sustainable Identification of explicit social performance
management (of CSC) goals
Communi- | Sensibilise workforce about CE- | Internal communication channels used for CE
cation related topics messaging
. . Individuals leading innovation projects have the
Involve leadership in supporting
. . mandate from top management to wotk on CE
CE innovation/development . .
. innovation and regulatly repott to top
projects ; . .
management on circular innovation KPIs
Embed CE principles in . .
. (- princp Existence of tools for supporting CE
innovation/development . ) .
—— innovation/development projects
Innovation -
Collaborate on circular
innovation/development Existence of formal collaboration structures
projects
Integrate relevant data into
circular Existence of data systems for supporting
innovation/development citcular innovation/development projects
projects
Centrality of CE to the CEO's Mentioning of CE (or relevant concepts) in
agenda external communication
. Mentioning of CE (or relevant concepts) in
Align company strategy to CE s ( Pts)
Strategy strategy documents
and .. Identification of explicit circular performance
. Set targets for CE transition
planning goals
Support CE implementation Cotporate Circular Reporting (Y/N)
Public availability of CE-related company
Be transparent
documents
Engagement with suppliers to . .
S neas . pP Existence of verifiable formats of engagement
increase sourcing based on CE
principles
Engagement with customers . .
528¢ . Existence of verifiable formats of engagement
advancing CE topics
Engagement with policymakers
External . . .
to support the transition to a Existence of verifiable formats of engagement
engage-
ment CE
Engagement with external
investors and/or financiers on Existence of verifiable formats of engagement
CE topics
Membership or active
engagement with CE-related Proof of membership or active engagement
initiatives

Legend: Green = Environmental dimension; Grey = Economic dimension; Orange = Social

dimension; Blue = Governance dimension




Category | Criterion | Exemplary indicator

References: Legal regutations — ESRS 5 of CSRD (European Commission, 2022); EU Regulation on
Shipment of Waste (European Commission, 2024a); Ecodesign Directive (European Commission,
2024b); EU Right-to-Repair Directive (European Commission, 2024c); Practical frameworks —
Circulytics (Ellen MacArthur Foundation, 2020); CTT (World Business Council for Sustainable
Development, 2023); Academic frameworks — Calzolari et al., 2022; Lahane et al., 2024; Lee et al.,
2024; Montag & Pettau, 2022; Primadasa et al., 2024; Vegter et al., 2023
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1 Introduction

Over the past decades, the persuasive nature of sustainability has sparked a multi-
and interdisciplinary debate involving several research communities from multiple
scientific fields (Saviano ef a/, 2017). Scholars and professionals have progressively
focused their attention on the ways through which quantifying and measuring the
‘dimensions’ of sustainability (Mura ez /, 2018). Taking note about the increasing
relevance that sustainability performance measurement is acquiring for practitioners,
researchers, and policy makers, it is important to highlight the intrinsic economic
and social complexity of sustainability and sustainable development (Caputo e7 .,
2018), and on the need to adopt a holistic approach for capturing their peculiarities
(Hadorn e al., 20006). In contrast to this need, it seems that current approaches to
defining of sustainability performance indicators is affected by a predominantly
reductionist approach, as shown in the current European Directive (Gnanaweera &
Kunori, 2018). In such a direction, the Corporate Sustainability Reporting Directive
(CSRD), aims to expand the scope of companies subject to sustainability reporting
obligations (Hummel & Jobst, 2024) and to define a common perspective for
measuring economic, social, and environmental impacts without considering the
context and subject-specific features of companies subject to the new regulation
(Pantazi, 2024). It seems that the CSRD suffers from a highly specialized approach
that does not consider external environment as a relevant factor that affects
companies’ approach to performance measurement (Pizzi & Coronella, 2024).
Following these preliminary reflections, the paper aims to enrich the existing
literature on sustainability performance measurement by underlining how the CSRD
can represent a catalyst in the evolution from a reductionist approach to a holistic
one, reflecting the core principles of sustainability science. In such a vein, this
contribution wants to address the following research question: “How can specialized
competencies be integrated with inter- and multidisciplinary capabilities for ensuring

and effective, viable, and participative approach to sustainability reporting?”’

In particular, the research contributes to the conceptual advancement in the field
by integrating the T-shaped model and the Systems-Thinking approach in the
research field of sustainability science. Additionally, digitalization is approached as a
key driver to implement effective and pragmatic sustainability actions (Caputo ef @,
2023). In summary, the rest of the paper is structured as follows: Section 2 provides

the theoretical background on which reflections herein are developed; Section 3
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briefly describes methodological approach adopted; Section 3 proposes a possible
conceptual model, and Section 4 presents preliminary conclusions of reflections

herein.
2 Theoretical Background / Literature Review

In today's world, where sustainable development is becoming more complex and
interconnected, sustainability science is stepping up as a vital field that blends
different disciplines and approaches. Its goal? To create both theoretical and
practical knowledge that crosses the usual boundaries of various fields (Barile ¢ a/.,
2018). This approach pushes back against the narrow focus of individual disciplines,
which often fall short when tackling big global issues like climate change, biodiversity
loss, resource depletion, and social inequality (Freund ez a/, 2024). Grounded in
systems theory, sustainability science is all about solving problems rather than
sticking to traditional academic silos (Aronson, 2011). It calls for teamwork among
universities, policymakers, businesses, and communities (Spangenberg, 2011). This
shift emphasizes the need for transdisciplinarity as a key scientific principle, allowing
for the blending of various knowledge sources to collaboratively tackle complex
societal challenges (Lang ¢z a/., 2012). In this context, recent changes in European
regulations have helped shape a more comprehensive view of sustainable
development, sparking international discussions on how to integrate
multidisciplinary, interdisciplinary, and transdisciplinary approaches (Yarime ¢ al.,
2012). According to Golinelli ez a/. (2015), it’s crucial that science, politics, business,
and society collaborate closely, especially in corporate and institutional decision-

making ().

In today’s ever-changing landscape, the Corporate Sustainability Reporting Directive
(CSRD) marks a significant regulatory change through the principle of double
materiality. This means organizations must report not only on how their activities
impact environmental and social systems but also on how sustainability issues
influence their financial performance (Baumtiller & Grbenic, 2021). It takes the place
of the Non-Financial Reporting Directive (NFRD) and greatly expands the scope
and responsibilities of sustainability reporting, now including all large companies and
listed small and medium-sized enterprises (SMEs). This duality adds a layer of
complexity to sustainability reporting, especially with the digitalization requirements
(like XBRL tagging) aimed at enhancing transparency and comparability (Atanasov,
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2023). Tackling this complexity calls for a model that can effectively bridge both
depth and breadth of knowledge—a challenge that the T-shaped model is well-suited

to meet.

The T-shaped concept, which was initially introduced to describe professionals who
possess deep expertise in one area (the vertical bar) while also having broad
collaborative skills across various fields (the horizontal bar), could be a valuable
framework for understanding sustainability reporting (Barile ez a/, 2012; Barile ez al.,
2016). Unlike “I-shaped” specialists, T-shaped professionals are better equipped to
navigate systemic complexity, integrate knowledge from different areas, and facilitate
more comprehensive decision-making. In the context of the CSRD, this model
provides a conceptual foundation for interpreting the relationship between technical
ESG compliance and strategic sustainability management. While the vertical
competencies tackle the regulatory and data-intensive requirements of the directive,
the horizontal aspect enables organizations to incorporate sustainability into broader

strategic and stakeholder considerations.

This means that fostering T-shaped skills within organizations helps them better
integrate digital technologies, balance data and insights, and manage both regulatory
and innovation challenges in sustainability (Saviano e a/, 2019a). Even though
there's increasing focus on these dynamics, more research is essential to delve into
the cognitive and subjective factors that influence digital transitions in sustainability
reporting and how these factors interact with the changing regulatory landscape
(Hristov & Searcy, 2024).

3 Methodology

This study takes a conceptual and interpretative approach, grounded in systems
thinking and enhanced by a transdisciplinary perspective (Bryman, 2016). Instead of
leaning on empirical data, the paper offers a theoretical reflection that delves into
how recent changes in sustainability regulation -particularly the CSRD- can shift
from a reductionist viewpoint to a more comprehensive framework that aligns with

the fundamental principles of sustainability science.
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The methodological design utilizes T-shaped logic (Barile e¢# a/., 2012; Barile ez al.,
2016) as an interpretive model that effectively combines depth (specialized
knowledge) and breadth (interdisciplinary insight) in the field of sustainability
performance measurement. Through this perspective, the research introduces a
conceptual model that links three essential elements: (1) the epistemological
foundations of sustainability science; (2) the regulatory demands of the CSRD; and
(3) the supportive role of digitalization processes.

Moreover, thanks to the insight provide by the systems-thinking approach (Barile ez
al., 2018), the proposed model is built on recursive reasoning that reflects the

ongoing interaction between individual and collective viewpoints.
4 Results and Discussion

By adopting the “T-shaped’ logic, organizations could overcome a reductionist view
on which sustainability performance measurement seems to be actually based
through the synergistic integration of both vertical capabilities and horizontal
competencies. In such a direction, the T-shaped offers the opportunity for capturing
and understanding the multiple dimensions of sustainability combining individual

approaches within collective expectation (Caputo ef a/., 2019).

Following this conceptual line, it clearly emerge they key role that digitalization
processes and the digital technologies can have in ensuring the combination between
actors and community through recursive loops. Thanks to the digital technologies it
is possible to link horizontal trans-disciplinary approaches to sustainability with
vertical specialized capabilities required by the sustainability reporting guidelines
without reducing sustainability performance measurement to ‘simple’ standard to

which align companies’ behaviors and decisions (Caputo e# af., 2021).

The digital age offers an effective opportunity for shifting from a reductionist to a
holistic view through the promotions of extensive participation based on the active
contributions of all the stakeholders interested in sustainability performance. In such
a vein, the correct implementation of the CSRD becomes a catalyst for this paradigm
shift, emphasizing the importance of integrating quantitative and qualitative
dimensions through digitalization. By combining a multidisciplinary horizontal

perspective with the vertical and technical competencies of the actors involved in
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sustainability communication, the CSRD fosters a better balance between strategic
objectives and actors’ specialization. This synergy not only simplifies compliance
with regulations but also enables organizations to provide a holistic understanding

of the three-dimensional impacts.

The conceptual logic through which such a change is possible is show in Figure 1.

Society (collective) perspective