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Abstract

Although sustainable practices have been addressed in Industry 4.0,
sustainability as a concept started to attract attention when established
as one of the critical pillars of Industry 5.0. Beyond environmental
impact, its scope includes social, economic, and ecological aspects. To
investigate how the use of specific digital technologies contributes to
sustainable practices in manufacturing processes, the authors of this
paper show a correlation between digital technologies and
sustainability. The dataset used in the research represents the Serbian
manufacturing sector, and the data was obtained in 2023 through the
Digital Servitization Survey.

Keywords: Industry 5.0, sustainability, digital technologies, Digital
Servitization Survey.

1. Introduction

Digital technologies and sustainability awareness have been developing
parallelly during the last decade (Bressanelli et al., 2018). When compared to each
other, both digital technologies and sustainable practices require investments.
However, even though digitalization can positively impact the company’s profit,
sustainability positively impacts other business aspects, such as customer loyalty,
brand reputation, and ESG scores, emphasized through the Industry 5.0 concept
(Trstenjak et al., 2023).

When implemented, digital technologies contribute to sustainability by
digitalizing specific processes and reducing waste (Mustapi¢ et al, 2023).
Additionally, the impact digital technologies have on society, in terms of upskilling
and reskilling, as well as the possibilities for humans to do more cognitive than
physical work, is perceived as good (Rannertshauser et al.,, 2022). However, the
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intensity of the impact certain digital technologies have on people, the planet, and
profit is unknown.

To examine the impact that digital technologies have on sustainability in the
Republic of Serbia’s manufacturing sector, the authors of this paper propose the
following research question:

RQ: Is there any association between digital technologies and sustainability in
the manufacturing sector in the Republic of Serbia?

The authors conducted Fisher’s exact test on 38 manufacturing firms from
the Republic of Serbia to answer the research question. The rest of the manuscript
consists of the following sections: Section 2 provides a literature review of
sustainability and digital technologies; Section 3 covers the methodology used in the
research; results and discussion are presented in Section 4, and Section 5 shows the
main conclusions of the paper.

2. Literature review

2.1 Sustainability

Sustainability addresses people, the planet, and profit - three P’s, also known
as the triple bottom line (TBL) (Dhayal et al, 2023). This TBL represents a
sustainability framework which supports the development and implementation of
business strategies (Dhayal et al,, 2023). In the context of sustainability, firms have
developed corporate social responsibility (CSR), which represents the impact firms
make on environmental, economic, and societal aspects (PotoCan et al., 2021).
Except through the three P’s, sustainability is also addressed through the United
Nation'’s Sustainable Development Goals (SDGs) (Wu et al.,, 2018)

Sustainability parameters used in this research are: (1) the company has
metrics to assess the economic performance of the services, (2) the company has
metrics to evaluate the environmental impact of services, (3) digital servitization is
seen as a way to be sustainable, and (4) reconfigurability or upgradability is seen as
a critical strategy to achieve sustainable solutions.

2.2 Digital technologies

Digital technologies are being developed and implemented since 2011 (Lasi
et al,, 2014). Due to the use of digital technologies, business models are being
transformed (Martynov et al., 2019). This transformation includes digital services,
which are being offered alongside physical products - a phenomenon called digital
servitization - which has appeared together with product-service systems (Rakic et
al,, 2023). Furthermore, sustainable manufacturing practices are addressed through
the Industry 4.0 concept, which emphasizes how digital technologies can contribute
to sustainability (Branger & Pang, 2015). When transitioning from Industry 4.0
towards Industry 5.0, digital technologies go beyond digitalization and aim at
designing a human-centric, sustainable, and resilient solutions (Golovianko et al,,
2023; Slavic et al., 2024).
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Digital technologies that were assessed in this research are (1) Additive
Manufacturing/3D Printing, (2) Advanced Manufacturing Solutions (Cyber-physical
systems, Collaborative robots), (3) Artificial Intelligence/Machine Learning, (4) Big
Data Analytics, (5) Cloud Computing, (6) Cybersecurity, (7) (Industrial) Internet of
Things, (8) Mixed Reality (Virtual and Augmented Reality), and (9) Simulation of
Connected Machines.

3. Methodology

This research collected data from January 2022 until January 2023 through
the “Digital Servitization Survey.” Although this survey gathered answers
worldwide, the data used in this research represents answers collected from firms
in the Republic of Serbia. The “Digital Servitization Survey” was structured by 15
international experts and is based on a literature review of Industry 4.0 and product
service systems. The experts mentioned come from fields of servitization, product-
service systems, manufacturing engineering and operations, and Industry 4.0.

The survey was distributed by e-mail and social media from January 2022
until January 2023, and 314 firms responded. Out of these 314 firms, 119 are from
the Republic of Serbia. The response rate in the Republic of Serbia was 15%. When
manufacturing firms were extracted, only 38 firms were left. These companies are
grouped by size, manufacturing sector, and annual turnover.

Descriptive statistics and Fisher’s exact test present the relationship between
digital technologies and sustainability. The authors used Fisher’s exact test instead
of Chi-square due to the sample size of 38 firms and the expected cell value of five
or fewer. Furthermore, codes used in this research are from DT1 to DT9 for digital
technologies and from S1 to S4 for sustainability parameters.

Table 1 presents the sample distribution by company size. Most firms—16
(42%)—have 11 to 50 employees. Next, 17 firms (45%) have 51 to 250 employees,
and 5 firms (13%) have more than 251 employees.

Table 1: Sample distribution by company size

Firm size n %
11 to 50 employees 16 42
51 to 250 employees 17 45
More than 251 employees 5 13

The data presented in Table 1 show that this research is mainly based on
small and medium enterprises since only 5 large enterprises have participated.

Table 2 presents the sample distribution by manufacturing sector according
to the NACE classification. Most companies are beverage manufacturers (NACE 11)
- 7 firms (19%). Next, 5 firms (13%) come from the following sectors: the
manufacture of food products (NACE 10), rubber and plastic products (NACE 22),
and electrical equipment (NACE 27). Four firms (10%) are manufacturers of
machinery and equipment, nowhere else classified (NACE 28), and 3 firms (8%) are
manufacturers of textiles (NACE 13). Finally, all other firms that participated in the
research (9 firms; 24%) come from other NACE sectors.
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Table 2: Sample distribution by manufacturing sector

Manufacturing sector n %
Manufacture of beverages 7 19
Manufacture of food products 5 13
Manufacture of rubber and plastic products 5 13
Manufacture of electrical equipment 5 13
Manufacture of machinery and equipment n.e.c. 4 10
Manufacture of textiles 3 8
Others 9 24

Furthermore, this research mainly is based on data from manufacturers of
beverages, food products, rubber and plastic products, and electrical equipment.

Table 3 shows the sample distribution by annual turnover, measured in
millions of euros. Additionally, 14 firms (37%) earn less than 2 million annually, 18
firms (47%) earn between 2 and 10 million annually, 4 firms (10%) earn between
11 and 25 million annually, 1 firm (3%) earns between 26 and 50 million annually,
and 1 firm (3%) earns more than 50 million annually.

Table 3: Sample distribution by annual turnover

Annual turnover (euros) n %
Less than 2 million 14 37
2 to 10 million 18 47
11 to 25 million 4 10
26 to 50 million 1 3
More than 50 million 1 3

Analysing the annual turnover of the firms that participated in this research,
itis concluded that most firms earn up to 10 million euros annually.

4. Results and discussion

The use of digital technologies and sustainability according to the gathered
data is presented in Figure 1. When addressing digital technologies, 3% of firms use
Additive Manufacturing/3D Printing (DT1), 8% use Advanced Manufacturing
Solutions (DT2), 5% use Artificial Intelligence/Machine Learning (DT3), 8% use Big
Data Analytics (DT4), 11% use Cloud Computing (DT5), 8% use Cybersecurity
(DT6), 11% use (Industrial) Internet of Things (DT7), 8% use Mixed Reality (DT8),
and 8% use Simulation of Connected Machines (DT9). Regarding the sustainability
parameters, 16% of firms have metrics to assess the economic performance of the
services (S1), 11% of firms have metrics to evaluate the environmental impact of
services (S2), 16% of firms see digital servitization as a way to be sustainable (S3),
and 13% of firms see reconfigurability or upgradability as a critical strategy to
achieve sustainable solutions (54).
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Figure 1: The use of digital technologies and sustainability

According to data presented in Figure 1, firms tend to focus more on
sustainability than digital technologies. Table 4 presents Fisher’s exact test between
digital technologies and sustainability parameters expressed through log odds ratios.
When intertwining DT1 and S1-S4, no association is identified. Nonetheless, a
significant association is identified between S1 and DTS5, S1 and DT7, S3 and DTS5,
and S3 and DT?7.

Table 4: Fisher’s exact test between digital technologies and sustainability

DT1 DT2 DT3 DT4 DT5 DT6 DT7 DT8 DT9

S1 | 2.875 4.174* 3.587*  4.174*  4762%*  4174** 4.762%*  4.174*%*  4174**
S2 | 3.387 3.497* 4.234**%  3.497*  4.595* 3.497*  4.595** 3.497* 3.497*
S3 | 2.875 4.174* 3.587*  4.174* 4.762%*  4174** 4.762%*  4.174**  4.174**
S4 | 3.106  4.541** 3.868*  4.541** 3.871** 3.060* 3.871* 3.060* 4.541%*

Note: Values are presented of log-odds ratio; *p < 0.05; **p < 0.01; ***p < 0.001.

Table 4 suggests a lack of association between Additive Manufacturing/3D
Printing and sustainability parameters. However, metrics which assess the
economic performance of the services and Cloud Computing, metrics which assess
the economic performance of the services and (Industrial) Internet of Things, seeing
digital servitization as a way to be sustainable and Cloud Computing, and seeing
digital servitization as a way to be sustainable and (Industrial) Internet of Things
significantly influence each other. There is a strong association between these digital
technologies and sustainability parameters.

Figure 2 presents a Multiple Correspondence Analysis (MCA) for digital
technologies and sustainability. MCA has a satisfactory variance of at least 70%
(Oro$njak & Sevi¢, 2023). Three clusters are identified in Figure 2. The blue cluster
gathers only digital technologies, while the red and green clusters contain digital
technologies and sustainability parameters.

Additive Manufacturing/3D Printing, Artificial Intelligence/Machine
Learning, Advanced Manufacturing Solutions, Big Data Analytics, and Simulation of
Connected Machines, which comprise the blue cluster, represent digital
technologies usually implemented by the same company. All sustainability
parameters gathered in the red cluster are used in manufacturing firms
implementing Cloud Computing, Cybersecurity, (Industrial) Internet of Things, and
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Mixed Reality. Finally, the green cluster gathers a negation of data used in the
research.
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Figure 2: MCA for digital technologies and sustainability

5. Conclusions

This research has investigated the association between digital technologies
and sustainability using a dataset representing the Republic of Serbia’s
manufacturing sector. The data used in this research was obtained through the
“Digital Servitization Survey.” The obtained findings suggest that digitalization has
a significant association with sustainability metrics.

The high significance was identified when associating metrics which assess
the economic performance of the services (S1) with Cloud Computing (DT5) and
(Industrial) Internet of Things (DT7), as well as when associating seeing digital
servitization as a way to be sustainable (S3) with Cloud Computing (DT5) and
(Industrial) Internet of Things (DT7). Additionally, research has shown that firms
likely implement the same group of digital technologies - Additive
Manufacturing/3D Printing, Artificial Intelligence/Machine Learning, Advanced
Manufacturing Solutions, Big Data Analytics, and Simulation of Connected. Also, the
research has shown that firms that have implemented Cloud Computing,
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Cybersecurity, (Industrial) Internet of Things, and Mixed Reality use selected
sustainability parameters.

Nonetheless, manufacturing firms in the Republic of Serbia must implement
the sustainability framework according to their needs to fulfil rules and regulations
and enter new markets that require certain sustainable practices. When faced with
this challenge, firms already implementing digital technologies will develop
sustainable strategies more efficiently.

Further research should include more sustainability parameters grouped by
people, planet, and profit or environmental, economic, and societal aspects.
Additionally, manufacturing and service sectors of other countries should be
investigated and compared to each other to identify best practices that companies
in transitioning economies apply.
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