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Abstract

Pandemic times and an increasing pace of sustainable development have accelerated the process
of Industry 4.0 implementation. Digitalization is one of the key issues of Industry 4.0 development.
The paper investigates an identified research gap on the perception of digitalization in terms of
environmental goals and sustainability in the SME sector. The study features a comparative research
design and examines the perception of digitalization in small and medium-sized enterprises in Poland
and Serbia. The study gathered 235 responses on the impact of Industry 4.0 and digitalization in
SMEs on environmental issues and sustainable development. Findings revealed that digitalizing the
company has a positive effect on reducing carbon emissions. However, statistically significant
discrimination in reducing harmful emissions was found between Poland and Serbia. Provided
research procedure further adds to the practical implication in finding carbon emissions as the most
important issue in sustainable development in the SME sector.

Keywords: Industry 4.0, sustainability, digitalization, small and medium-sized enterprises SME,
economy

1. INTRODUCTION natural element of the present time. 14.0 is
beginning to firmly settle down in the

The industrial revolution, called Industry economic and social reality and become its
4.0 (14.0), appears to be developing into a integral part. The pandemic times have
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additionally strengthened and accelerated
this process.

The pace of development in each
subsequent revolution increases, and at the
same time, the broader context of sustainable
development is emphasized. It is
unacceptable to focus solely on maximizing
economic profits in today's world without
incorporating social and environmental
responsibility policies (Baltazar & Lopes,
2021). These processes are introduced into
the financial management of entities and
reflected in the development of integrated
reporting (business model, environmental
protection, cybersecurity reporting and
others).

Sustainable social and economic
development is naturally connected with
digitalization issues. Terms "sustainability"
and "digitalization" seem closely related and
interdependent in many areas. Digitalization
is an inevitable phenomenon in the modern
world. A similar situation relates to
sustainability. Today's world, in which
sustainability has become one of the leading
goals in practically every dimension, cannot
function without digital facilities. The
industry is an area where digitalization plays
a vital role. Accordingly, these areas can be
studied in correlation.

Sustainability steams  from  an
organizational perspective, guiding the
direction of organized activities. To
transform the world, the United Nations
(UN) established an action plan for people,
the planet and prosperity within all countries
and all stakeholders, acting in collaborative
partnership. The main target for this plan is
to realize three dimensions of sustainable
development: economic, social and
environmental (United Nations, 2015).
Although digitalization is not directly
mentioned in any of the 17 Goals indicated,

it is a method needed to achieve almost all of
them.

In this perspective, the relationships
among digitalization, sustainability, and
environmental protection are important,

since  their relations are twofold.
Digitalization is a tool supporting
environment protection processes for

implementing overarching sustainability
goals, and at the same time, a threat to their
implementation, itself being the trigger for
additional resources and growing energy
consumption (Stock et al., 2018; Berg et al.,
2021).

An additional research area is setting the
above issues in the context of the SME
sector. Small and medium-sized enterprises
(SMEs) are significant drivers of economic
development in almost all countries. SMEs
are the "backbone" of Europe's economy,
within which they account for approx. 99%
of businesses (European Commission, 2014).
In turn, these enterprises have weaker
development potential than big companies,
mainly due to the scale of operation and
access to financial resources. Therefore, the
European Commission adopted the SME
Strategy for a Sustainable and Digital Europe
(European Commission, 2020), which aims
to "increase the number of SMEs engaging in
sustainable business practices and employing
digital technologies." Thus, digitalization
and sustainability are challenges for SMEs
and their competitive advantages but
simultaneously require more effort and break
the barriers. The digital transition is a central
driver towards innovation and business
renewal for established SMEs (Denicolai et
al., 2021). The above led us to identify the
research gap as research dependent on the
perception of digitalization in terms of
environmental goals and sustainability in the
SME sector.
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The research aims to identify how Serbian
and Polish SMEs perceive digitalization as a
phenomenon that affects the implementation
of sustainable development goals in
environmental protection, including its
negative impact on the environment.

The paper is presented in 4 parts. The
following part provides a theoretical
background of the presented research for the
hypotheses development. The next section
presents the methodology used, sample
description and descriptive analysis. The
third part consists of results and discussion.
In the final section, the main conclusions are
listed.

2. THEORETICAL BACKGROUND

The industry 4.0 (I4.0) concept has
become an extensive research topic. There
are many attempts to classify and define this
idea and its components. The main aim of
14.0 is to increase the firm's efficiency,
production rate, and manufacturing quality
(Shet & Pereira, 2021). 14.0 consists of four
leading, advanced key elements: technology,
processes, organization, and knowledge
(Kayikci, 2018). Advances in sensor
technology, connectivity of production
machines, data storage, edge computing,
encryption and authentication have laid the
technological foundations for the industrial
digitalization process. Others support these
technologies that are not central to the
concept of Industry 4.0, like artificial
intelligence (Al), Internet of Things (IoT),
distributed ledger technology (DLT) (Berg et
al., 2021). What distinguished this industrial
revolution (the 4th) from the previous ones is
that it integrates these developed
technologies (Shet & Pereira, 2021).
Technologies that make up the framework of

14.0 enable entrepreneurs to introduce the
business models and modes of production
while implementing innovations in
technology, product design, and revenue
model (Berg et al., 2021), but also to reduce
the use of raw materials and recycle more
products (De Man & Strandhagen, 2017).
Digital technologies are not only a kind of
resource. 14.0 has much broader potential
while being considered a value-creating
strategy, which boosts and sustains a
company's market power. Accordingly, 14.0,
which relies on digitalization, enables
sustainable development (Beier et al., 2018;
Felsberger & Reiner, 2020; Kamble et al.,
2020).

The scientific literature research on the
topic of I4.0 shows that the dominant
concepts are: industry, manufacturing
technologies (data, digital), production and
sustainability (Baltazar & Lopes, 2021;
Felsberger & Reiner, 2020). This constitutes
our research as important and grounded in
the literature.

From the sustainability point of view, 14.0
technologies are crucial for the transition to a
circular economy (Khan et al., 2021). These
are key objectives related to more efficient
use of natural resources, ensuring more
sustainable consumption and production
activities, reducing greenhouse gas
emissions, and limiting the depletion of
natural capital. It 1is assumed that
digitalization has an important role in
enabling circularity and transitioning to more
sustainable activities and processes (Marre et
al., 2015; Berg et al., 2021). This transition
mainly affects production processes,
including, for example, fast fashion
(Happonen & Ghoreishi, 2022).

Research  on  relations  between
sustainability and digitalization focuses on
many different areas. It may be analyzed
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concerning three main sustainability
functions — economic, environmental and
social. From these perspectives, the research
may be divided into an area of:

- [14.0 effects on sustainable business
models and detailed economic aspects (De
Man & Strandhagen, 2017; Kayikci, 2018;
Stock et al., 2018; Happonen et al., 2020;
Berg et al., 2021; Palmaccio et al., 2021),

- 14.0, digitalization and environmental
issues (Ozcan & Apergis, 2018; Kayikei,
2018; Park et al., 2018; Altinoz et al., 2021),

- influences of the development of the
14.0 on social aspects (Kayikci, 2018; Stock
et al., 2018; Shet & Pereira, 2021; James et
al., 2022), and finally

- digitalization and its impact on the
development of circular economy (Marre et
al., 2015; Berg et al., 2021; Khan et al.,
2021), which, in a holistic approach, covers
all three areas mentioned above.

The position of small and medium-sized
enterprises in digital industrialization is a
particular challenge. Undoubtedly, just like
other spheres of the economy, these entities
will have to face implementing the digital
economy. Rehm and Goel (2017) indicated
that SMEs need to implement digital
processes to join business networks.
Although it is argued that I4.0 is not
integrated into SMEs (Dossou, 2018), the
processes of implementing the twin
(digitalization and sustainability) in the
SMEs sector are carried out. The degree of
this implementation varies and is
characterized by many difficulties.

Research on sustainability with digital
technologies in SMEs concerns many areas.
These most often relate to organizational
resistance to change, resistance to
introducing innovations, lack of
competencies (Madrid-Guijarro et al., 2009;

Ruchkina et al., 2017; de Jesus Pacheco et
al., 2019; Ogrean & Herciu, 2021), and
perceived risk and uncertainty (Radziwon et
al., 2014; Liu, 2020). A significant barrier to
implementation is the limited economies of
scale and the availability of different
resources and funding forms (Brkanovic,
2005; Ogrean & Herciu, 2021). Denicolai et
al. (2021) demonstrated that digitalization
and sustainability, although positively
related to each other, may be competing for
growth paths when SMEs internationalize.
Similar results by Ardito et al. (2021)
indicated that SMEs' digital and
environmental orientation positively affects
product and process innovation performance,
while a dual strategy towards digitization
and environmental sustainability negatively
affects process innovation performance and
is not significant for product innovations.

Another important issue adheres to
environmental sustainability goals
(European Commission, 2019). The

intensifying practices, habits, and pressures
to implement sustainability measures in
everyday business are desirable. As Kolk and
Pinkse (2008) indicated, sustainable growth
will also be a standard among SMEs.
Today's enterprises operate in specific
economic, social and environmental
surroundings. The effects of this activity
focused on generating profits, cost reduction,
and creating added value of another
dimension that is more and more often
exposed to benefit the community and
society. Battisti and Perry (2011) concluded
that SMEs have a lower level of
environmental awareness than larger
companies and believe that their business
activity has a negligible impact on the
environment. It is often described that SMEs'
understanding of environmental
sustainability is reflected in their attributes as
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turnover, size, and others. Still, the profit
orientation dimension dominates in that
group of companies.

In the area of environmental goals,
digitalization is supposed to be a driver of
changes to protect the environment, reduce
resource consumption, reduce carbon
emission, reduce waste, and introduce many
other business activities that support green
investments and events (Happonen et al.,
2020). It also ensures the sustainable
development of SMEs by extending the
lifecycle of the products (Klymenko et al.,
2021), adjusting the SME business model to
the environmental needs. Therefore, changes
in the orientation of enterprises will result in
the integration of sustainable development
goals (SDG) into their long-term strategy
(Rozak et al., 2021).

Despite many advantages, digitalization is
indicated as a danger to environment
protection and impact on reduction goals.
The development of new digitalized
technologies affects climate protection,
causes energy and resource consumption,
and negatively affects the whole
environment (Karlsson, 2017). From this
point of view, it is essential to focus on a
circular economy that may reduce this
negative impact and ensure the sustainability
of digital manufacturing (Berg et al., 2021).
Digital activities result in an increased
amount of e-waste and a significantly
increased demand for electricity, which
raises serious doubts in countries where the
energy economy is based on the combustion
of fossil fuels. The development of modern
technologies also results in a growing
depletion of natural resources. The
increasing demand for energy supply for
digitalization and data centers generates
abundant emissions.

On the contrary, easy and quick access to

data reduces their acquisition emissions. It
isn't easy to achieve a balance, but renewable
forms of energy may make digitalization
carbon neutral. This area has not been
sufficiently explored (Patsavellas &
Salonitis, 2019).

On the other hand, the environmental
sustainability of digitalization also ensures
the reduction of pollution. Digitalization
positively impacts environmental quality in
Asia due to green globalization (Ramos-
Meza et al., 2021). The research by Altinoz
et al. (2021), based on the data from the top
10 emerging market economies, suggested

that internet usage positively impacts
environmental pollution and carbon
emissions. Ozcan and Apergis (2018)

showed that the increase in internet access
results in a lower level of air pollution.
Opposite results, but in a broader meaning,
by Park et al. (2018), implied that internet
use poses a threat to sustainable
development. Reducing electricity
consumption and CO, emissions related to
internet use takes time to maintain this
development in EU countries.

Environmental pollution is a major issue
in Poland, as 1is public awareness,
particularly among those who heat their
homes with solid fuels. The study uses data
from Poland, as this country has one of the
highest levels of environmental pollution
among European countries. It is directly
connected with the fact that Poland is the
largest hard coal producer in the EU (Kolasa-
Wiecek, 2015).

Poland has a relatively high level of ICT
development in terms of access to digital
technology. Although, from the view of
business process digitalization, the overall
situation is not so positive. Indicators that
show the amount of digitalization and
robotization help to demonstrate this. Poland
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is ranked as 24th out of 28 countries in the
Digital Economy and Society Index (DESI)
(average for Poland in 2021 was 41, against
50.7 in the EU). A similar association can be
seen in the Networked Readiness Index NRI.
Poland is ranked 33rd in this index (with 130
all). Polish businesses are not highly
engaged when it comes to Industry 4.0
initiatives. It is particularly evident in the
small and medium-sized firm sector, where
resistance to change and restricted access to
financial sources have been observed.

In industrial robotics, Polish enterprises
have a poor track record. While other
countries are getting closer to the European
average, Poland's dynamics are limited and
unambiguously suggests that the country
lags behind (Michatowski et al., 2018).
Entrepreneurs are aware of the benefits and
risks associated with Industry 4.0 adoption.
Still, limited social awareness of the concept
is one of the reasons why it has not been
widely adopted (Zywiotek et al., 2021).

From the point of view of the
environmental state, the Republic of Serbia
has an unenviable position. Air pollution is
currently one of the most important
environmental risks to human health. There
are several hot spots where industry pollutes
air (thermal power plants, ironwork and
cement factories, mining, etc.). At the same
time, traffic and transport in large cities and
individual (household) heating pollute the air
in almost all municipalities (Popovi¢, 2020).
According to the Environmental Protection
Report, about 85% of sulphur oxide
emissions and close to 60% of nitrogen
oxides are generated by energy production
and distribution. Consumption is dominated
by fossil fuels with 87.9%, while the share of
renewable energy is 12.1% (SEPA, 2019).

Although Serbia started adopting
information and communication

technologies (ICT) relatively late, due to its
belated transition and economic closure
during the 1990s, its population is showing
great interest in using ICT products and
services, especially after 2005. On the
upside, the people of Serbia very quickly and
spontaneously has accepted new information
and communication technologies. The main
weaknesses in this area are mainly due to the
slow implementation of the adopted
legislation, lack of adequate human
resources, inappropriate regulatory bodies,
high costs of internet access, insufficient
participation of the population with higher
education and low level of electronic content
in Serbian on the internet (Mitrovi¢, 2017).

Studies on the linkage between
digitalization and sustainability related to
Industry 4.0 are still kind of novel. The
subject of this research is the environmental
impact of digitalization. This study will
gather opinions from owners and employees
on the potential opportunities for Industry
4.0 to 1improve sustainability. Also,
respondents will present their attitudes to the
potential dangers to the environment that
digitalization brings. The main goal is to
identify similarities and differences in the
perception of environmental impacts of
digitalization in small and medium
enterprises located in Poland and Serbia.
Based on the above, the following
hypothesis was formulated:

H: Digitalization positively impacts the
environment in the perception of Serbian and
Polish SME:s.

To obtain relevant, robust, reliable, and
valid content, we asked the following
research questions:

RQI1: Whether there is a positive or
negative attitude to the subject of
digitalization in terms of sustainable impact
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on the environment?

RQ2: What are the similarities and
differences in the perception of the
environmental impact of digitalization on the
environment between respondents living in
Poland and Serbia?

RQ3: Does the level of implementation of
digital technologies in a country affect the
knowledge of the population on the
environmental impact of digitalization?

3. EXPERIMENTAL

Data collection for this research was
performed by a survey method. The survey
was conducted through an online platform
and direct contact with respondents during
June - September 2021. Employees and
owners of small and medium enterprises
were the target group. The research was
conducted in Poland and the Republic of
Serbia. The questionnaire consisted of

thirteen  statements about  different
environmental impacts of digitalization
(Table 1).

The questions referred to potential
environmental benefits that can be achieved

Table 1. Statements from the questionnaire

through digitalization,
commitment to achieving
development goals while
business activities, and  negative
consequences of digitalization. The
respondents expressed the level of agreement
with the statements in the questionnaire by
selecting the number on a five-point Likert
scale. In this case, number one indicated
complete disagreement and five complete
agreement with the specific item. The survey
collected 235 correctly completed
questionnaires, of which 101 are from
Poland and 134 from Serbia. For processing
the data, gretl v.2021d (Baiocchi & Distaso,
2003),SPSS v.17 and Statistica v. 13. 3
software were used.

SMEs' strategic
sustainable
conducting

4. RESULTS AND DISCUSSION

For comparison of the perception of the
respondents from Poland and Serbia,
descriptive analysis was performed (Table 2).

The average values of the statements
related to the benefits of digitalization are
around four. That indicates a generally
positive attitude of the respondents towards

Label Item
S_1 Digitalizing the company helps to optimize and reduce the use of resources.
S_2 Digitalizing the company helps to reduce costs.
S 3 Digitalizing the company helps to adjust the business model to the environmental
- needs/requirements.
S_4 Digitalizing the company helps to reduce carbon emissions.
S5 Digitalizing the company helps generate value to perform fair business practices to benefit the
- community and society.
S_6 Digitalizing the company helps to extend the lifecycle of our products.
S_7 Digitalizing the company helps to relocate funding for green investments
S_8 Digitalizing the company helps to achieve higher productivity and less waste.
S_9 Digitalizing the company helps to achieve customized production
S_10 Our company has integrated SDGs into its long-term strategy.
S_11 Electronic equipment and devices produce a high amount of e-waste.
S 12 The production and use of ICT consume a growing amount of materials, which speeds up the

depletion of natural resources.
The increasing demand for energy supply on digitalization and data centres generates abundant
emissions.
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Table 2. Descriptive analysis

N Mean Std. Deviation Std. Error

Percentiles

25 50 75

Poland 101 3.9406 1.12979 11242 4.0000 4.0000 5.0000
S_1 Serbia 134 4.3657 92209 .07966 4.0000 5.0000 5.0000

Total 235 4.1830 1.03596 .06758

Poland 101 3.9604  1.16551 11597  3.0000 4.0000 5.0000
S_2 Serbia 134 4.2836 .89788 .07757 4.0000 5.0000 5.0000

Total 235 4.1447 1.03172 .06730

Poland 101 3.9307 1.10686 .11014  3.0000 4.0000 5.0000
S_3 Serbia 134 4.0970  1.03959 .08981  4.0000 4.0000 5.0000

Total 235 4.0255 1.06988 .06979

Poland 101 3.2970  1.30801 13015  3.0000 3.0000 4.5000
S_4 Serbia 134 3.8657 1.14898 .09926  3.0000 4.0000 5.0000

Total 235 3.6213 1.24943 .08150

Poland 101 3.4059 1.26632 .12600  3.0000 4.0000 4.0000
S_5 Serbia 134 3.9478 1.13268 .09785  3.0000 4.0000 5.0000

Total 235 3.7149 1.21932 .07954

Poland 101 3.4059 1.20148 .11955  3.0000 3.0000 4.0000
S_6 Serbia 134 3.8955 1.11226 .09608  3.0000 4.0000 5.0000

Total 235 3.6851 1.17433 .07660

Poland 101 3.3069 1.26287 12566 3.0000 3.0000 4.0000
S_7 Serbia 134 3.8060  1.14693 .09908  3.0000 4.0000 5.0000

Total 235 3.5915 1.22087 .07964

Poland 101 3.6733 1.20921 12032 3.0000 4.0000 5.0000
S_8 Serbia 134 4.1045 1.04966 .09068 4.0000 4.0000 5.0000

Total 235 3.9191 1.13879 .07429

Poland 101 3.8020 1.20017 11942 3.0000 4.0000 5.0000
S_9 Serbia 134 4.0821 1.02633 .08866 3.7500 4.0000 5.0000

Total 235 3.9617 1.11066 .07245

Poland 101 2.9901 1.36011 13534 2.0000 3.0000 4.0000
S_10 Serbia 134 3.3731 1.47496 12742 2.0000 4.0000 5.0000

Total 235 3.2085 1.43638 .09370

Poland 101 3.3465 1.29950 12931  2.0000 3.0000 5.0000
S_11 Serbia 134 3.5896 1.22758 .10605  3.0000 4.0000 5.0000

Total 235 3.4851 1.26203 .08233

Poland 101 3.0396 1.05755 10523 2.0000 3.0000 4.0000
S_12 Serbia 134 3.1343 1.30811 .11300  2.0000 3.0000 4.0000

Total 235 3.0936 1.20530 .07862

Poland 101 3.3366  1.12496 11194 3.0000 3.0000 4.0000
S_13 Serbia 134 3.1791 1.30269 11254 2.0000 3.0000 4.0000

Total 235 3.2468 1.22942 .08020
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the impact of digitalization on the
environment. On the other hand, statements
that do not support digitalization have a
slightly lower average score. Therefore, it
can be concluded that negative impacts are
less recognizable than positive ones. A
comparative analysis of the mean values of
the responses from Poland and Serbia
showed a higher degree of agreement with
the statements when it comes to respondents
from Serbia. The exception is statement
S 13. However, it can be noticed that these
differences are not significant, which leads to
the conclusion that SMEs in Poland and
Serbia have almost equal attitudes towards
the impact of digitalization on the
environment.

In order to examine the existence of a
statistically significant impact of the country
on the perception of the environmental
effects of digitalization, ANOVA analysis
was conducted. The independent variable
was the country of origin, while the
dependent variables were the statements
from the questionnaire.

The ANOVA analysis results indicated
that the country's statistically significant
impact on the answers of respondents
(p<0.05) is for the following items: S 1,
S2,S4S5S6,S7,S8S 9,andS 10
(Table 3). On the other hand, there were no
statistically significant differences between
the country and items S 3, S 11, S 12, and
S 13. The questions in which the country's
statistically significant impact is recognized
mostly deal with the positive aspects of
digitalization in its relation to the
environment.

Further, to identify the statements that
best reflect the differences in the degree of
agreement depending on the respondents'
country of origin, a discriminatory analysis
was conducted. For performing discriminant

analysis, nine items for ANOVA analysis
confirmed the statistically significant
differences between the country of origin
(S 1;S 2;S 4;,S 5;S 6;S 7;S 8 S 9and
S10) were used as input variables. The
grouping variable was the country of
respondents (Poland and Serbia).

A commonly used procedure for reducing
the number of wvariables in linear
discriminant analysis is the stepwise method
for variable selection (Todorov, 2007).
Standard, forward stepwise and backward
stepwise methods were used to set the
discriminant functions. The discrimination
model's stepwise forward approach is
developed step by step. All variables are
reviewed, and discriminatory ones are
evaluated at each stage. The Backward
stepwise method is used to take a step back.
The variables that contribute the least to
prediction are thus eliminated. According to
the successful discriminatory function result,
the variables that have the most significant
impact on group division remain.

The validity of each discriminant function
was performed using Wilk's lambda test.
Values of this test follow the group or total F-
value, which transforms them to the
approximate F-distribution. It tests the null
hypothesis in the sense that there are no

significant  differences between the
arithmetic means of the groups formed as
categories of independent variables.

Hypothetical df and df errors are used to
obtain the realized significance p. If p
<0.050, there is a significant interaction
between the tested factors or interaction
conditions in the model, which produces
significant differences for that level of
probability. Wilks's lambda varies from "0"
to "1" and, unlike its use in the analysis of
variance, tests the significance of the
discriminant function as a whole in
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discriminant analysis. It measures the
difference between the Poland and Serbia
subsamples in the entire sample of
respondents expressed through the centroids

(vectors) of the arithmetic means of the
analyzed statements, with the ratio: smaller
lambda - larger differences. The significance
of the isolated discriminant function for

Table 3. ANOVA results

Sum of squares df Mean square F Sig.
Between groups 10.406 1 10.406 10.072  .002
S_1  Within groups 240.726 233 1.033
Total 251.132 234
Between groups 6.015 1 6.015 5.766  .017
S 2 Within groups 243.065 233 1.043
Total 249.081 234
Between groups 1.593 1 1.593 1.394 239
S_3  Within groups 266.254 233 1.143
Total 267.847 234
Between groups 18.622 1 18.622 12.516 .000
S_4  Within groups 346.671 233 1.488
Total 365.294 234
Between groups 16.907 1 16.907 11.902 .001
S_ 5  Within groups 330.991 233 1.421
Total 347.898 234
Between groups 13.804 1 13.804 10.413  .001
S_6  Within groups 308.894 233 1.326
Total 322.698 234
Between groups 14.343 1 14.343 9.992  .002
S_7  Within groups 334.440 233 1.435
Total 348.783 234
Between groups 10.709 1 10.709 8.523  .004
S_8  Within groups 292.755 233 1.256
Total 303.464 234
Between groups 4.519 1 4.519 3.705 .045
S_9  Within groups 284.137 233 1.219
Total 288.655 234
Between groups 8.450 1 8.450 4.151 .043
S_10 Within groups 474.333 233 2.036
Total 482.783 234
Between groups 3.401 1 3.401 2.146 .144
S_11 Within groups 369.297 233 1.585
Total 372.698 234
Between groups S17 1 S17 355 552
S_12  Within groups 339.424 233 1.457
Total 339.940 234
Between groups 1.429 1 1.429 945 332
S_13 Within groups 352.256 233 1.512
Total 353.685 234
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standard, stepwise and forward modes is
0.923, 0.93 and 0.949, and they were
confirmed at p=0.0318, p=0.0022 and
p=0.0005, respectively  (Table 4).
Accordingly, we can conclude that the
differences between the two subgroups are
not so meaningful.

The standard model applied to the nine
analyzed statements constructed
discriminatory functions - DFs, to which
approximately 65.1% of cases were correctly
assigned (Table 5). In the next step, using the
forward stepwise modality of discriminatory
analysis, four statements were included from
the initial nine (Table 6), with a hit ratio of
63.8% (Table 5). Backward stepwise
modality yielded classification matrices with
59.1% of correctly classified cases and one
discriminatory statement.

Discriminatory analysis indicated that out
of the starting nine, only one statement in

Table 4. Discrimination coefficients

25

which the respondents' country of origin can
be best predicted based on the answer (the
level of (dis) agreement). The stepwise
discriminant analysis conducted through
three steps (standard, forward and backward)
extracted the item S 4 (Digitalizing the
company helps reduce carbon emissions) as
discriminating between Poland and Serbia. It
means that the most significant difference
between these two countries is reflected in
the answers to this question.

The last step of research procedure was to
find whenever Serbian and Polish SMEs
perceive the impact on the environment in
the same way. Proportion tests were issued
for item S 4 as discriminating. Serbian and
Polish respondents both supported the
statement that digitalizing the company
positively impacts reducing carbon
emissions. Results are presented in Table 7.

In the perspective of high oil and gas

Wilks' Lambda F

Sig.

Standard mode
Stepwise mode
Backward mode

923
930
.949

2.085694 p<.0318
4.323186 p<.0022
12.51625 p < .0005

Table 5. Discriminant matrix

% Country
Accuracy Poland Serbia

Standard DA mode

Poland

Serbia

Total

Forward stepwise DA mode
Poland

Serbia

Total

Backward stepwise DA mode
Poland

Serbia

Total

42.6 43 58
79.9 27 107
63.8 70 165
44.6 45 56
80.6 26 108
65.1 71 164
23.8 24 77
85.8 19 115
59.1 43 192




26 D. Voza/SIM 17 (1) (2022) 15 - 31
Table 6. Classification Functions: grouping — Country

Standard mode

Forward stepwise

Backward stepwise

mode mode
Item Poland Serbia Poland  Serbia Poland Serbia
S 1 1.8760 2.1566 2.74680  2.9752
S 2 1.4843 1.2765
S 4 -0.1999 -0.0324 -0.03032  0.2089 2.21596 2.59814
S S -0.4186 -0.2903
S_6 0.3681 0.5573 0.41157 0.6812
S 7 0.2643 0.2877
S_8 -0.1373 0.0190
S 9 1.2640 0.9985 1.52900 1.3115
S_10 0.5138 0.5745
Constant -10.4201 -12.0466  -9.81399 -11.4635 -4.49750 -5.58353
Table 7. Proportion tests results
Serbian Polish
n 134 101
Proportion of positive answers  0.686567  0.415842
Z statistic 18.078 4.20806
One-sided p 2.377e-073  1,288e-005

prices, the discussion about negative
externalities (e.g. emissions) impacting the
environment is highly anticipated. Findings
revealed that the most significant differences
in the perception of Industry 4.0 could be
found by analyzing carbon emissions. While
the difference is significant for Serbian and
Polish SMEs, they agree that implementing
Industry 4.0 solutions positively influences
reducing emissions. From the practical point
of view, results confirm previous case studies
like Miskiewicz and Wolniak (2020) and the
impact of Industry 4.0 elements like business
model innovation to reduce harmful
emission reduction (Ghobakhloo, 2020). The
procedure  for  finding the  most
discriminating issue between countries
provides directions for future research.

In conclusion, both Polish and Serbian
respondents, even when they differ in their
responses for the S 4 item, support

hypothesis that digitalization positively
impacts the environment in the perception of
Serbian and Polish SMEs.

5. CONCLUSIONS

The expansion of digitalization and the
development of digital infrastructure carries
potential environmental risks. It is important
to prevent an exponential increase in energy
consumption and e-waste and a negative
environmental impact across digital
technology supply chains. However, the
growing integration of physical and digital
networks into industrial production
processes promises efforts to achieve the
goals of social and environmentally
sustainable development. Recent
technological advancements provide game-
changing opportunities to monitor and
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protect the environment. The digital
revolution can be steered to advance global
sustainability, environmental stewardship,
and human well-being by harnessing these
appropriately.

Digitalization and sustainability are two
of the most powerful market trends in today's
corporate landscape. However, their
intersection is still not explored enough. The
best indicators of their integration in
business are clean technologies, greening
production processes and creating a
company's brand equity as a sustainable
company. Flexibility, autonomy, self-
organization, and greater interconnectivity
between humans, machines, and other
manufacturing systems are the expected
outcomes of Industry 4.0. It is frequently
claimed that Industry 4.0 will result in
increased sustainability if integrated
production processes are expected to be
more efficient and less resource-intensive.
While the greatest potential of the economies
i1s small and medium-sized enterprises, our
research shows that Industry 4.0 is not
sufficiently implemented and researched in
this area.

The presented research has practical
implications. It is a guideline for regulators
and sectoral institutions to strengthen the
promotion of the opportunities and benefits
of digitalization in the SME sector. The
strength of our research is to make the issue
of digitalization more popular among small
and medium-sized enterprises.

The limitation of the study is the
relatively short period of its implementation
and selective sample. Nonetheless, it may be
a good basis for comparisons for other
studies and the starting point for future in-
depth research.
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EKOJIOIKA OAPKUBOCT Y IUT'UTAJIMU30BAHUM MCII:
KOMITAPATUBHA AHAJIN3A ITIO/JbCKE U CPBUJE

Danijela Voza, Aleksandra Szewieczek, Dariusz Grabara

H3Box
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Wnpyctpuje 4.0. Aururanuzanyja je jeqHo oA KJbyYHUX NHUTama y okBupy Uuayctpuje 4.0. Y oBom
pamy ce UCIHTYje WCTpaXHMBAauKW ja3 Ha TeMy Ieplellyje 3Hadaja IUTHTalIu3anuje u3 yria
MOCTH3aha CKOJIOMIKUX [IJbEBA U OAPKUBOCTH Yy CEKTOPY MajMX U Cpeamux mpenyseha. ¥ pany je
M3BpILEHA KOMIIApaTHBHA aHaJM3a MepILeije TUruTaln3anije y MaJluM U cpelnbuM npeny3ehuma
y Iosbckoj u Cpbuju. [pukymbeHo je 235 ucnpaBHO MOMYyHEHUX YIUTHHKA HAa TEMy yTHUIaja
Unpyctpuje 4.0 1 nurutanusanyje Ha )KUBOTHY CPEIUHY M OIPKUBH pa3Boj. 3aKJbYULH Cy yKa3alH
Ha TOCTOja€ MO3UTHUBHOT yTHIaja CTENEHAa AWTHTANM3Alje KOMIaHHje Ha CMamelhe EMHUCH]je
yriseH-auokcuaa. Mehytum, usmel)y Iosscke nu CpOuje npemno3Hara je v 3HauajHa JUCKPUMHHALH]a
y morieqy peAyKuuje MITETHUX eMHucHja yBohemeM mururanuianuje. COpoBEeIeHO HCTPaKUBALE
MMa MPaKTU4aH AONPUHOC y BHAY UCTHLAKA EMUCH]E YTJbeH-IMOKCH A Kao HajBayKHHjeT podiema
y oxapxxuBoM pasBojy MCII cekropa.

Kwyune peuu: uanyctpuja 4.0, oap>KUBOCT, AUTUTAIIM3AIM]a, MaJla ¥ Cpe/iba ipeay3eha, ekoHoMuja

Beier, G., Niehoff, S., & Xue, B. (2018).
More sustainability in industry through
industrial internet of things? Applied
Sciences, 8 (2):219.

Berg, H., Bendix, P., Jansen, M., Le
Blevennec K., Bottermann, P., Magnus-
Melgar, M., Pohjalainen, E., & Wahlstrom,
M. (2021). Unlocking the potential of
Industry 4.0 to reduce

the environmental impact of production.
Eionet Report - ETC/WMGE 2021/5. Mol:
European Topic Centre Waste and Materials
in a Green Economy.

Brkanovic, I. (2005). Nonfinancial
obstacles to SME financing in Serbia. EU
Accession - Financial Sector Opportunities
and Challenges for Southeast Europe, 219-
226.

De Man, J.C., & Strandhagen, J.O.
(2017). An Industry 4.0 research agenda for
sustainable business models. Procedia CIRP,

63, 721-726.

de Jesus Pacheco, D.A., ten Caten, C.S.,
Jung, C.F., Sassanelli, C., & Terzi, S. (2019).
Overcoming barriers towards Sustainable
Product-Service Systems in Small and
Medium-sized enterprises: State of the art
and a novel Decision Matrix. Journal of
Cleaner Production, 222, 903-921.

Denicolai, S., Zucchella, A., & Magnani,
G. (2021). Internationalization,
digitalization, and sustainability: Are SMEs
ready? A survey on synergies and
substituting effects among growth paths.
Technological Forecasting and Social
Change, 166(C), art.no. 0040162521000822.

Dossou, P.E. (2018). Impact of
Sustainability on the supply chain 4.0
performance. Procedia Manufacturing, 17,
452-459.

European Commission. (2014).
Supporting the internationalization of SMEs,



D. Voza /SIM 17 (1) (2022) 15 - 31 29

Brussels, Belgium.

European Commission. (2019). ESPAS
Report 2019: Global Trends to 2030.
Brussels, Belgium.

European Commission. (2020). An SME
Strategy for a sustainable and digital Europe.
Brussels, Belgium.

Felsberger, A. & Reiner, G. (2020).
Sustainable Industry 4.0 in Production and
Operations Management: A Systematic
Literature Review. Sustainability, 12 (19),
7982.

Ghobakhloo, M. (2020) Industry 4.0,
digitization, and  opportunities  for
sustainability. Journal of Cleaner Production,
252, art. no. 119869.

Happonen A., & Ghoreishi M. (2022). A
Mapping Study of the Current Literature on
Digitalization and Industry 4.0 Technologies
Utilization for Sustainability and Circular
Economy in Textile Industries. In:
Proceedings of Sixth International Congress
on Information and Communication
Technology. Lecture Notes in Networks and
Systems, 217, Singapore: Springer.

Happonen, A., Minashkina, D., Nolte, A.,
& Angarita, M.A.M. (2020). Hackathons as a
company-University collaboration tool to
boost  circularity  innovations  and
digitalization enhanced sustainability. AIP
Conference Proceedings, 2233, art. no.
050009.

James, A.T., Kumar, G., Tayal, P,
Chauhan, A., Wadhawa, C., & Panchal, J.
(2022). Analysis of human resource
management challenges in implementation
of industry 4.0 in Indian automobile industry.
Technological Forecasting and Social
Change, 176, art. no. 121483.

Kamble, S., Gunasekaran, A., & Dhone,
N.C. (2020). Industry 4.0 and Ilean
manufacturing practices for sustainable
organizational performance in Indian

manufacturing companies. International
Journal of Production Research, 58, 1319—
1337.

Karlsson, R. (2017). The Environmental
Risks of Incomplete Globalization.
Globalizations, 14 (4), 550-562.

Kayikci, Y. (2018). Sustainability impact
of digitization in logistics. Procedia,
Manufacturing, 21, 782-789.

Khan, S.A.R., Ponce, P., Thomas, G., Yu,
Z., Al-Ahmadi, M.S., & Tanveer, M. (2021).
Digital Technologies, Circular Economy
Practices and Environmental Policies in the
Era of COVID-19. Sustainability, 13 (22),
art. n0.12790.

Klymenko, O., Halse, L.L., & Jager, B.
(2021). The enabling role of digital
technologies in sustainability accounting:
Findings from Norwegian manufacturing
companies. Systems, 9 (2), art. no. 33.

Kolasa-Wiecek, A. (2015). Stepwise
multiple regression method of greenhouse
gas emission modeling in the energy sector
in Poland. Journal of Environmental
Sciences, 30, 47-54.

Kolk, A., & Pinkse, J. (2008). A
perspective on multinational enterprises and
climate change: learning from "an
inconvenient truth"? Journal of International
Business Studies, 39 (8), 1359-1378.

Liu, R. (2020). Research on the Export
Development of Small and Medium-sized
Enterprises Cross-border E-commerce:
Based on SWOT analysis. In: Proceedings -
International Conference on Big Data
Economy and Information Management,
112-115.

Madrid-Guijarro, A., Garcia, D., & Van
Auken, H. (2009). Barriers to innovation
among spanish manufacturing SME:s.
Journal of Small Business Management, 47
(4), 465-488.

Marre, M., Beihofer, D., Haggenmueller,



30 D. Voza/SIM 17 (1) (2022) 15 - 31

W.A., & Grupp, P. (2015). Forming for
Resource-Efficient Industry 4.0. In:
Proceedings of the 5th International
Conference on Accuracy in Forming
Technology (ICAFT), Germany, 2015; 655—
673

Michatowski, B., Jarzynowski, M., &
Pacek, P. (2018). Raport - Integracja rynku
robotyki 1 automatyki przemystowej z
rynkiem teleinformatyki. Szanse i Wyzwania
Polskiego Przemystu 4.0. Warszawa:
Agencja Rozwoju Przemystu S.A.

Miskiewicz, R.; Wolniak, R. (2020)
Practical Application of the Industry 4.0
Concept in a Steel Company. Sustainability,
12, art. no. 5776.

Mitrovi¢, . (2017). Technical report: Na
putu ka blagostanju 4.0 — Digitalizacija u
Srbiji. Friedrich Ebert Stiftung, Germany.

Ogrean, C., & Herciu, M. (2021).
Romania's SMEs on the Way to EU's Twin
Transition to Digitalization and
Sustainability. Studies in Business and
Economics, 16 (2), 282-295.

Ozcan, B., & Apergis, N. (2018). The
impact of internet use on air pollution:

Evidence from emerging countries.
Environmental Science and Pollution
Research, 25 (5), 4174-4189.

Palmaccio, M., Dicuonzo, G. &

Belyaeva, Z.S. (2021). The internet of things
and corporate business models: A systematic
literature review. Journal of Business
Research, 131, 610-618.

Park, Y., Meng, F., & Baloch, M.A.
(2018). The effect of ICT, financial
development, growth, and trade openness on
CO2 emissions: an empirical analysis.
Environmental Science and Pollution
Research, 25 (30), 30708-30719.

Patsavellas, J., & Salonitis, K. (2019).
The carbon footprint of manufacturing
digitalization: Critical literature review and

future research agenda. Procedia CIRP, 81,
1354-1359.

Popovi¢, T. Report on air quality
protection at the local self-government level
in the Republic of Serbia. Belgrade, 2020.

Radziwon, A., Bilberg, A., Bogers M., &
Madsen, E.S. (2014). The smart factory:
exploring adaptive and flexible
manufacturing solutions. Procedia
Engineering, 69, 1184-1190.

Ramos-Meza, C.S., Zhanbayev, R., Bilal,
H., Sultan, M., Pekergin, Z.B., & Arslan,
H.M. (2021). Does digitalization matter in
green preferences in nexus of output
volatility and environmental quality?
Environmental Science and Pollution
Research, 28 (47), 66957-66967.

Rehm, S.V., & Goel, L. (2017). Using
information systems to achieve
complementarity in SME innovation
networks. Information and Management, 54

(4), 438-451.
Rozak, H., Adhiatma, A., Fachrunnisa, O.,
& Rahayu, T. (2021). Social Media

Engagement, Organizational Agility and
Digitalization Strategic Plan to Improve
SMEs Performance. IEEE Transactions on
Engineering Management, 1-10.

Ruchkina, G., Melnichuk, M., Frumina,
S., & Mentel, G. (2017). Small and

medium  enterprises in  regional
development and innovations. Journal of

International Studies, 10 (4), 259-271.

Shet, V.S., & Pereira V. (2021). Proposed
managerial competencies for Industry 4.0 —
Implications for social sustainability.
Technological Forecasting and Social
Change, 173, art.no. 121080.

SEPA (Serbian Environmental Protection
Agency). Environment in Serbia 2004-2019.
Belgrade, 2019.

Stock, T., Obenaus, M., Kunz, S., & Kohl,
H. (2018). Industry 4.0 as enabler for a



D. Voza/SIM 17 (1) (2022) 15 - 31

sustainable development: A qualitative
assessment of its ecological and social
potential. Process Safety and Environmental
Protection, 118, 254-267.

Todorov, V. (2007). Robust selection of
variables in linear discriminant analysis.
Statistical Methods & Application 15, 395-407.

United Nations (2015). The 2030 Agenda
for Sustainable Development, A/RES/70/1.

Zywiotek, J., Molenda, M., Rosak-
Szyrocka, J. (2021). Satisfaction with the
Implementation of Industry 4.0 Among
Manufacturing Companies in Poland.
European Research Studies Journal, 24 (3),
469-479.

31



