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Purpose: With increasing digitalization, the debate on the direction of transformation in various
sectors of the economy and their ability to keep up with the changes in this area is becoming
increasingly complex. The energy industry is one of the key sectors in the economy, and as
such it must follow trends and adapt to changing conditions. The aim of the paper is to diagnose
and assess the level of progress in digital transformation among Polish energy sector
enterprises.

Design/methodology/approach: The research was conducted on a group of 110 entities,
with a survey questionnaire. The gathered data was analyzed using descriptive statistics.
Findings: Although the level of employing Industry 4.0 tools in Polish energy sector enterprises
is at a low level, managers recognize the importance of following the path toward digital
transformation. The awareness of particular digital transformation prerequisites differs
depending on the phase of the digital transformation process.

Research limitations/implications: Among the limitations of the research procedure, issues
such as the single respondent design and the exclusion of micro entities from the research
should be noted. However, the exclusion of micro entities from the analysis was intentional,
and this area deserves the attention of researchers. The specificity of the functioning and
organization of the activity of micro enterprises may distort the image of the sector. Referring
to the single respondent design, it was assumed that in this phase of the research it is reasonable
to collect individual opinions specific to a given enterprise. It would be worth extending the
analysis by conducting in-depth interviews or attempting more in-depth research at the level of
individual entities.

Originality/value: This article contributes to the knowledge of the energy sector in Poland in
the context of Industry 4.0.

Keywords: digital transformation, digital strategy, digital transformation strategy,
prerequisites for digital transformation, energy sector companies.

Category of the paper: Research paper.
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1. Introduction

Today's industrial environment is being shaped by incorporating the concept of Industry
4.0. This primarily involves the digitization of production, automation and the integration of
production facilities into a comprehensive supply chain (Roblek, Mesko, Krapez, 2016).
This concept includes full network integration and real-time information exchange. It is an
umbrella term for value chain techniques and principles collectively applying cyber-physical
systems, the Internet of Things and cloud computing (Ghobakhloo, Fathi, 2021).

The importance of this concept is growing in the context of a dynamically changing
environment, in which it is becoming increasingly important to keep up with technological
changes (Ravichandran, 2018). Digital transformation is a wide-reaching process that affects
a range of industries (Shahi, Sinha, 2021), on which it has a varying influence (Torkayesh,
Torkayesh, 2021). The process of digital transformation is long-term and is shaped by
advancements in digitalization and information and communication technologies. These affect
not only socio-economic areas, but also different fields of business (Akberdina, Osmonova,
2021). Although research that adopts a societal perspective is crucial due to the participation of
communities in sustainable urban development (Huang, Yu, Peng, Feng, 2017),
the digitalization process also implies a change in the roles of managers, requiring them to
become leaders of digitalization (Trzaska, Sulich, Organa, Niemczyk, Jasinski, 2021).
Ultimately, the onus is on executives to capture and interpret changes that are crucial to their
organization (Giones, Brem, Berger, 2019).

The issue of digitalization is emerging as a key issue in the context of discussions on the
transformation of energy sectors around the world. It is therefore a current research problem as
well as an issue for business practitioners. The process of digitalization of the energy sector is
considered not only in the macro dimension. On the one hand, it is pointed out that the changes
taking place are aimed at ensuring energy security and efficiency, as well as contributing to
an increased commitment to renewable sources (Chebotareva, 2021). On the other hand, the
issue of progressive digitalization is raised, which also brings with it changes in business
models (Trzaska et al., 2021). Given the critical importance of digitalization in business
development, it is important to note the variation in digital maturity levels across regions.
It has been shown that in Central and Eastern Europe, the level of digitalization is relatively
low (Tutak, Brodny, Bindzar, 2021).

Among the rationales for implementing digitalization solutions is the notion that digital
technologies create new opportunities for value creation along the value chain (Reuter et al.,
2019). However, as digital transformation requires changes to existing business patterns that
can positively translate into performance (Singh, Sharma, Dhir, 2021), not all companies are
willing to embark on the path of digital transformation (Shahi, Sinha, 2021).
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In view of the above, it would appear highly relevant to conduct research on the practices
adopted by energy sector entities, as these enable them to implement wide-ranging
transformations.

The aim of the paper is to diagnose the level of progress in digital transformation among
Polish energy sector enterprises. The article is empirical in character and is the result of research
conducted into the transformation of enterprise business models in the energy sector in Poland'.
This paper presents the results of a study that aimed to identify the practices of energy
companies in the area of digital transformation and the reasons therefor. With reference to the
main objective, the following research questions were formulated:

1) In what phase of digital transformation are energy companies in Poland?

2) What are the rationales for the implementation of digital transformation in power

companies in Poland?

3) What is the meaning of digital transformation from the perspective of the strategy of

energy companies in Poland?

The paper is structured as follows. Section 2 presents a literature review, while section 3
describes the methods and research sample. The research results are discussed in section 4,
and the final part of the paper provides conclusions, research limitations and directions for

further research.

2. Literature review

2.1. Characteristics of the Polish energy sector

The Polish energy sector has the seventh largest production of energy in the European
Union. Compared to other European Union countries, Poland ranks first in terms of hard coal
extraction and export, and fourth in terms of lignite extraction. Moreover, it ranks fourth in
terms of obtaining primary energy. In the years 2015-2020, there was a decrease in energy
exports, while a decline in energy imports has only been observed since 2018. Energy imports
still significantly exceed exports. In addition, in the years 2013-2020, a 19% increase in
dependence on energy imports was observed in Poland (GUS, 2021). The demand for energy
in Poland is systematically growing, however, this situation applies to all highly developed
countries. Taking into account the whole of 2021, domestic electricity demand increased by
5.7% compared to the previous year (Wisniewski, 2022). To provide a comparison to other
European countries, the gross available energy per capita in Poland in 2019 amounted to
114.9 GJ, while the EU average amounted to 137.3 GJ. An increase in global consumption was

! The project was financed within the Regional Initiative for Excellence program of the Minister of Science and
Higher Education of Poland in the years 2019-2023, grant no. 004/RID/2018/19, financing 3,000,000 PLN.
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observed in 2020 compared to the previous year in the case of natural gas, renewable energy
and other carriers, while there was a decrease in the case of hard coal, lignite and crude oil
(Walkowska et al., 2021). In Poland, in December 2021, coal-fired power plants (76%),
including lignite (28.3%) and hard coal (47.7%), had a dominant share in energy production.
The third source of energy were wind farms, accounting for 11.6 percent (Wisniewski, 2022).

In the light of the EU energy and climate policy aimed at increasing energy production from
renewable energy sources and reducing carbon dioxide emissions by 80% by 2050 compared
to 2006 emissions, Poland is faced with the need to make significant capital expenditure in
order to reconfigure the production system (Lipski, 2016). The legal regulations of the
European Union put the Polish energy industry in a particularly difficult situation. An obstacle
in meeting EU requirements and standards in the energy sector is the high degree of dependence
on coal. Coal fuel is the backbone of the national energy system. Therefore, in the coming years,
it is not possible to abandon coal-fired energy production for two reasons. The first is that the
increased demand for electricity and heat has to be met, while the second is related to the
country's energy security. The main challenges that the energy sector is currently facing are the
responsibility of the energy sector for climate change, and the need to ensure sufficient amounts
of energy in the coming years. Such problems make it necessary for the Polish energy sector to
take steps towards the development and construction of new production technologies.
The current level of development of the production and transmission infrastructure in Poland
has not kept pace with the changes in the environment (Szczerbowski, 2018).

Compared to the countries of Western Europe, Polish electricity infrastructure is in a poor
technical condition. It is characterized by a low network density, a small number of extra high
voltage lines, and above all its advanced age. The average age of power lines in Poland is
estimated at 40 years, which means that it is close to being technically worn out (Jankiewicz,
2018). This fact implies not only significant energy losses, but also the risk of breakdowns and
long-term interruptions to electricity supplies. The country as a whole, as well as households,
are still not prepared to ensure the continuity of operation at an acceptable level in such cases.
This is evidenced by incidental and small-scale interruptions in the continuity of energy
supplies (Zakrzewska, Gil-Swiderska, Szmitkowski, 2020). However, comprehensive
transformation of the energy sector related to the reduction of the share of conventional energy
based on coal in favor of new production technologies and a significant share of renewable
energy requires the modernization of technological infrastructure and the implementation of
innovative solutions. Resolutions related to the improvement of technological aspects of the
energy sector are included in the document - "Poland's energy policy until 2040" approved on
2nd February 2021 by the Council of Ministers of the Polish government (Ministry of Climate
and Environment, 2021).

Moreover, Polish energy policy also includes a departure from centralized generation
towards distributed technologies, and from supplying only energy to end users towards

combining innovative products. In this way, consumers will slowly become prosumers,
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connected to the grid and producing more energy. In Poland, there is a noticeable increase in
the use of green technologies (Pietrzak, Iglinski, Kujawski, Iwanski, 2021), which are becoming
more and more profitable. Polish solar farms are experiencing a real boom. Poland was in first
place in the European Union in terms of the growth rate of photovoltaic power, with
a cumulative growth rate in 2016-2020 of 114%, while the EU average was 10.3% (Instytut
Energetyki Odnawialnej, 2021). One of the most important reasons for installing photovoltaic
panels is the growing interest of households in energy independence from external suppliers.
Undoubtedly, green technologies are starting to compete with traditional power generation
technologies, which drives the search for ongoing innovation and generates development.
Further improvement of technological solutions, devices and energy storage systems is
an activity that supports the spread of renewable energy in Poland and around the world
(Zawadka, Pabian, Bylok, Chichobtazinski, 2015).

However, what should be underlined is that the transformation of the Polish energy sector
is inextricably linked with the implementation of digital and IC technologies. Digital and mobile
technologies in this sector are gaining more and more importance. A common practice among
Polish energy companies is investing in implementation of intelligent metering systems and
mobile applications, thanks to which their clients gain greater awareness of electricity
consumption and can better manage it. According to the adopted assumptions, by 2028, 80%
of households are to have remote reading meters at their disposal. The efficient functioning of
a smart metering system in the energy sector is key to the implementation of prosumer energy.
Furthermore, in accordance with the assumptions of the Polish energy policy, the basis of the
energy system in the future will be a so-called distributed citizen energy system (Ministry of
Climate and Environment, 2021). The European Commission underlines that digital
technologies can unleash the full potential of flexible energy generation and consumption in
various sectors, and can enable greater use of energy from renewable sources. The European
Commission action plan applies not only to Poland, but to the entire European Union, and aims
to help develop a competitive market for digital energy services and digital energy
infrastructure that guarantee cybersecurity. Digitalization contributes not only to increasing the
level of security, but also to the efficiency, availability and sustainability of energy systems

(European Commission, 2021).

2.2. Rationale for digitalization of energy sector companies

The energy sector is one of the most important sectors of the economy, as the growing
number of users of electronic devices translates into an increased demand for energy.
High energy prices have an impact not only on individual companies, but also on countries and
their international policies (Tutak et al., 2021). The development and implementation of new
technologies and digital transformation strategies in the energy sector can help solve problems
such as the growing demand for electricity and the transition to renewable energy sources

(Szum, Nazarko, 2020). As a result, the importance of the energy sector continues to grow.
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The application of digital technologies in this sector contributes to cost-effectiveness, increased
energy efficiency, increased enterprise value and the quality of products and services (Trzaska
etal., 2021).

The global energy system is transforming towards an integrated and hybridized grid,
with both legacy and new technologies that can create synergies to deliver electricity to
factories, businesses and homes around the world. Networking in this field is made possible by
the implementation of digital transformation in various spheres of economic and non-economic
activity (Paprocki, 2016).

The level of digitalization of energy sector companies is steadily increasing and is creating
many opportunities, but also raising challenges. One of the rationales for digitalization of this
sector is the desire to increase the transparency and security of digital platforms in the energy
sector. This can be achieved by increasing innovation among companies within this sector.
At the same time, it should be noted that this process brings with it some problems related to
the implementation of integrated smart energy systems, in particular smart information and
telecommunication technologies (Voropai, 2020).

Other rationales for digitalization of the energy sector include the need to comply with
stringent regulatory requirements, the desire to reduce energy costs, and the aim to provide
a real-time model for managing energy infrastructure as locations and energy sources change
(Goosen, Nikitenko, Kagan, Pakhomova, 2020). Increasing profitability, efficiency and energy
security are other arguments for intensifying the digital transformation process in energy
companies. Furthermore, digitalization enables energy suppliers to establish direct relations
with end users, who will be able to find intelligent ways of managing their energy resources.
However, the main challenge and rationale behind digitalization is to transform the potentially
disruptive effects of multi-source energy distribution into an efficient and profitable ecosystem
(Zou, Zhao, Zhang, Xiong, 2016).

The development of new technologies, environmental changes and increased energy use are
leading to fundamental changes and further growth in both the economy and the energy sector.
One mega-trend that has a key impact on the development of the energy sector is scientific and
technological progress associated with the emergence of breakthrough technologies in this
sector, i.e. progressive digitalization. Digital transformation not only supports other trends such
as decarbonization and decentralization of the energy sector, but also increases the possibilities
of control, automation and optimization of all elements in the chain of production and

consumption of electrical energy (Burda, Volkova, Gavrikova, Kosygina, 2019).

2.3. Digital transformation of the energy sector

Progressing globalization and technological changes are influencing the shape of both
traditional business models at the industry level and business practice at the organizational level
(Gao, Hakanen, Toytari, Rajala, 2019). The consequence of this trend is the development of

strategies based on digital technologies, known as digital transformation strategies (Vial, 2019).
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This results in emergence of new business models, which change products, services and
operations (Chanias, Myers, Hess, 2019).

Digital transformation is defined as a new development in the use of digital artifacts,
systems and symbols within and around organizations, and is seen as one of the main drivers
of economic growth and sustainable development in today’s business world (Litvinenko, 2020).
Digital transformation strategies are based on the use of digital technologies, such as: (1) cloud
computing, (2) edge computing, (3) big data, (4) artificial intelligence, (5) machine learning,
(6) blockchain applications, (7) digital shadow, and (8) VR-reality (Al-Ruithe, Benkhelifa,
Hameed, 2018; Kampker, Wessel, Lutz, Bildhauer, Hehl, 2020; Lopez-Guajardo et al., 2021;
Lytras, Visvizi, Sarirete, Chui, 2021; Mourtzis, Angelopoulos, Panopoulos, 2022; Munim,
Balasubramaniyan, Kouhizadeh, Ullah Ibne Hossain, 2022; Schuh et al., 2020; Sestino, Prete,
Piper, Guido, 2020; Tai, Ocone, Christie, Xuan, 2022).

As already mentioned, digitalization leads to changes in business models and enables
a competitive advantage to be attained in various sectors, including the energy sector. In recent
years, intensification has been observed of empirical research on the digital transformation of
the energy sector (Giehl, Gocke, Grosse, Kochems, Miiller-Kirchenbauer, 2020; Havle, Dursun,
2019; Loock, 2020; Remane, Hanelt, Wiesbock, Kolbe, 2017; Schaeffer, 2015; Weigel,
Fischedick, 2019). Researchers claim that integration of energy companies with information
and communications technologies will bring many benefits. As a consequence, companies
aware of this fact are striving to implement the digital transformation process as a response to
a rapidly changing environment (You, Yi, 2021).

The increased use of digital technologies in energy sector companies, and consequently the
formulation and implementation of digital transformation strategies, has a positive impact on
firms’ operations by increasing the possibility of meeting the growing demand for energy and
supporting the transformation towards clean and nuclear or more sustainable and renewable
technologies (Sulich, Sotoducho-Pelc, Ferasso, 2022; Trzaska et al., 2021). Despite the benefits
of using digital technologies and development in this area, the energy sector is adopting these
practices more slowly than other sectors such as the technology, finance, insurance, media and
information industries. Research conducted into the energy sector shows that the use of such
technologies as automation, advanced data analytic techniques, mobile computing and machine
learning have great potential to increase the effectiveness of company operations. At the same
time, however, it is suggested that a great deal remains to be done in this area (Beyond the
Supercycle: How Technology is Reshaping Resources, 2017). It is predicted that in order to
maintain the current level of efficiency, ever more advanced digital technologies will be
required as the technical realities of the energy sector become increasingly more demanding.
This means that the need to absorb digital innovation in this sector is even greater than it may

appear (Maroufkhani, Desouza, Perrons, [ranmanesh, 2022).
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Digital transformation is a process that can be divided into specific phases. Based on
research on energy sector companies, Dang and Vartiainen (2020) distinguished three phases
in this process: the bootstrapping phase, the acceleration phase and the sustain phase.
The bootstrapping phase is associated with creating a business environment suitable for the
implementation of a digital transformation strategy, and making members of the organization
aware of the need for digital transformation. The direction of changes in this phase is top-down,
and their scope covers the entire organization. In the acceleration phase, the implementation of
the digital transformation strategy is accelerated, and is accompanied by the delivery of tangible
outcomes and the continuous increase in the company’s value at an appropriate pace.
The direction of changes remains top-down. The scope of changes moves from the
organizational level towards the individual level. In this phase, the company uses modern
information and communications technologies, processes are automated, and there is
cooperation with partners and research centers to improve the product manufacturing process.
The last phase — the sustain phase — means that all organization members become aware of the
vision related to digital transformation, and take action to implement this vision. This means
that the company’s employees use and create new technological solutions. The direction of
changes is both top-down and bottom-up. The scope of changes occurs both at the level of the
entire organization and the level of the individual. In this phase, digital transformation becomes
the foundation of the company’s organizational culture.

Summarizing, it can be stated that the implementation of changes in the energy sector
should take place relatively quickly. Successful transformation largely depends on the
application of new technologies, such as new consumption and energy saving models.
The digital transformation of the energy sector is not only inevitable, but also essential to the
survival of the sector's companies. The use of new technologies in the energy sector should not
be seen as a threat, but an opportunity to implement a more secure, reliable, cost-effective and

low-carbon energy system (Makarov, Mitrova, Kulagin, 2021).

3. Research steps and sample

3.1. Research steps

In line with the concept of Fatma et al. (2014), the research procedure consisted of five
stages. We excluded the factor analysis step due to the sector size and sample size. The research
procedure was as follows (see Figure 1).

Critical analysis of the literature allowed the phases in the digital transformation process to
be determined, defined in the article as levels of digital transformation, the rationale for the use

of digital technologies, and the tools (technologies) of Industry 4.0. described in the previous
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section. In the scale development process 12 of 13 invited experts took part in the expert survey.
The experts were representatives of business practice working in the energy sector, in particular
in managerial and decision-making positions. As a result of this step 6 items were excluded,
8 items were added and 19 items were reformulated. In the following part of scale development
process the re-formulated questionnaire was discussed within a group of 12 academic
researchers working on the problematics of the energy sector. As a result of the discussion
6 items were removed and 14 items were re-formulated. Subsequently, 4 pilot surveys were
conducted in 16 companies with a view to the clarity of the formulated questions. As a results
of the procedure the survey was enriched with explanations of technical terms regarding
Industry 4.0 tools. Moreover, 11 items were removed, 7 items were re-formulated, and 3 new
items were added. The actual research took place in the last part of the scale development
process. In total, 110 enterprises were surveyed, including: 55 small-sized, 27 medium-sized,

26 large-sized enterprises.

1. Literature research

Literature analysis of research found in the Ebsco, Scopus,

Taylor and Francis, Wiley Online Library, SpringerLink, Emerald,
and Jstor databases, aimed at formulating research items.

2. Expert survey

Thirteen experts were invited to participate in the expert survey
in order to discuss the proposed research questionnaire.

3. Group discussion

Discussion on the re-formulated questionnaire within a group of
twelve academic researchers.

4. Pilot testing

Conducting a pilot study (a sample of 16 enterprises) in order to
confirm the formulated research items.

5. Main survey

Conducting the main study (a sample of 110 companies,

including 55 small, 28 medium-sized, and 27 large companies).

Figure 1. Research steps.

Source: Authors’ own work, based on Fatma et al. (2014).
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The respondents were asked to choose statements on a 7-point Likert scale (1 — very bad,
7 — very good) that corresponded to the level of digitalization in their company, and assess the
rationale for the use of digital technologies, as well as indicate the Industry 4.0 tools used in
their company. To determine the phase of digital transformation, the concept of Dang and
Vartiainen (2020) was applied. After consultation with experts, a ‘basic phase’ was added,
which characterizes companies where the management is considering implementing a digital
transformation strategy in the long term, but in which it is not currently a strategic goal of the
company.

The survey was conducted by a research company using the CAWI (computer-assisted web
interview) method. This method was selected in order to achieve the aim of the work, as it was
necessary to conduct quantitative research. Moreover, the CAWI method enables the
acquisition of a relatively large sample of respondents.

The research was carried out in June 2021. The respondents were employees of energy
companies holding managerial positions, with experience in the industry and knowledge in the
field of research. This fact ensured reliable completion of the questionnaire. The one-respondent

method was used in the study.

3.2. Research sample

The target group covered by the study comprises entities active in the energy sector,
subclass PKD? 35.1: electricity generation (PKD 35.11), transmission (PKD 35.12), distribution
(PKD 35.13) and trade in electricity (PKD 35.14). The activities of these entities are consistent
with the implementation of the goal of energy security, which is perceived with a view to
implementing the so-called full energy chain (Koczan, 2020), i.e. guaranteeing (both currently
and in the long term) the security of resource supply, energy production, transmission and
distribution.

Micro-enterprises were excluded from the research due to the specificity of resource
management. The hallmark of microenterprises are limited human resources. The population
of enterprises in the energy sector in Poland, excluding micro-enterprises, is estimated at around

180 companies. Figure 2 shows the structure of the research sample.

2 Polish Classification of Activities.
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= 10-49 employees
= 50-249 employees

= > 250 employees

Figure 2. Research sample — company size (n = 110).

4. Results and discussion

In answer to the first research question about the phase in which energy companies in Poland
currently are, it was found that energy sector companies in Poland are generally at a low level
of digital transformation (see Figure 3), which is in line with the observations of Brodny, Tutak
and Bindzar (2021). The majority of the enterprises studied are at the beginning of digital
transformation. According to the concept of Dang and Vartiainen (2020), not even one-fifth of

the entities studied have started real activities in this area.

= basic phase
= bootstrapping phase
= acceleration phase

sustain phase

Figure 3. Phases of digital transformation strategy (n = 110).

A more in-depth analysis reveals that even in the group of medium-sized and large
enterprises, the greatest proportion of companies are at the beginning of implementing a digital
transformation strategy (Figure 4). Several indications of the 'sustain phase' among small energy
companies suggest that small entities may be able to successfully enter the path to digital

transformation. However, digitalization of small companies requires development of specific
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digitalization capabilities (Ghobakhloo, Iranmanesh, 2021), therefore this area needs deeper

scientific insight and more substantial analysis.

60,00

50,00

40,00

30,00

20,00

10,00 I

0,00 -

10-49 employees 50-249 employees >250 employees
W basic phase W bootsrapping phase M acceleration phase sustain phase

Figure 4. Phases of digital transformation by company size.

Despite the dominance of the initial phase of digital transformation, respondents declare
that the level of preparation for the automation of processes is rather high. This observation
may indicate the importance of being aware of the need for digital change. On the other hand,
outdated Polish energy sector infrastructure (Zakrzewska et al., 2020) may hamper real efforts
to implement digital transformation solutions.

The results shown in Figure 5 have been aggregated: indications 1-3 were considered as

'disagree', 4 — as 'neutral’, while 5-7 qualified as 'agree'.

100%
90%
80%
70%
60%
50%
40%
30%
20%
0% |

Disagree Neutral Agree

Figure 5. Our company is striving to digitalize and automate processes (n = 110).

Studies conducted by Polish researchers indicate the relevance of addressing the digital
transformation of energy sector companies in Poland (Boichuk, 2020; Gawlik, 2018; Kicinski,
2021). This research confirms that the issue is also important for practitioners, due to the
highlighted importance of implementing automation processes. When answering the second

research question on the rationale for implementing digital transformation, respondents
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indicated that each rationale was rather important. In-depth analysis of the answers according

to the phase the company is in reveals the differences (see Table 1).

Table 1.
The rationale for using digital technologies — means and standard deviations
) >
E 2] D = g gﬁ @» w»n 1
I - T
2 ES| 28 E | S 25| S8 5 | ¥z
<z S - (oY) :.5 o - _— = = :5‘ 5
5 28 EES 5 |5 |EE|EE| 22 |55
5 |Zg{EEF | E |29 2% sg |72
= s| EE| g = = 23 £
o by ©
basic phase average 4,65 | 496 | 439 | 4,57 | 4,87 | 5,04 | 4,48 4,61 | 4,74
standard deviation 1,43 | 1,33 | 147 | 1,27 | 1,29 | 1,40 | 1,08 1,08 | 1,14
bootstrapping | average 542 | 5,71 | 5,29 | 5,38 | 5,16 | 5,51 | 5,27 5,29 | 5,31
phase standard deviation 1,10 | 1,10 | 1,16 | 1,09 | 1,30 | 1,06 | 1,03 1,06 | 1,08
acceleration | average 591 | 591 | 5,70 | 5,82 | 6,12 | 6,03 | 5,97 5,85 | 5,61
phase standard deviation 0,88 | 0,88 | 1,07 | 1,33 | 0,74 | 0,85 | 0,77 1,09 | 1,25
sustain phase | average 5,67 | 6,00 | 6,00 | 5,67 | 589 | 5,89 | 5,33 5,44 | 5,78
standard deviation 1,58 | 0,87 | 1,12 | 1,00 | 0,78 | 0,93 | 1,58 1,42 | 0,83

When considering the importance of each rationale, the observation can be made that
companies at the basic level more often ascribe lower importance to rationales such as
stakeholder expectations or legislative rationales. An interesting observation is that customer
expectations are a relatively important rationale for realizing digital transformation, regardless

of the digital transformation strategy phase (see Figure 6).

Increase in enterprise value

7
Energy independence 6 Customer expectations
5
3
Stakeholder expectations 2 Maintenance management
1
Legislative rationales Energy efficiency
Increase in effectiveness Climate changes
e asic phase bootstrapping phase acceleration phase sustain phase

Figure 6. The dominant rationales for using digital technologies.
Referring to the third research question, the declared level of use of Industry 4.0 tools is in
line with results indicating that the implementation of digital practices is just beginning.

Although Figure 7 suggests that cloud computing tools are the most commonly used Industry
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4.0 tools in energy sector companies in Poland, the level of use Industry 4.0. tools, regardless

of the phase of digital transformation strategy, is low.

7,00
6,00
5,00
4,00
3,00
11711
1,00
cloud edge big data artificial machine blockchain digital VR-reality
computing computing intelligence  learning  applicaitons  shadow
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Figure 7. The use of Industry 4.0 tools (n=110).

Table 2.
The use of Industry 4.0 tools — average and standard deviation (n = 110)
(Y »
¥ go 2 33 Y & '§ 3 ~ 2 &
IT /&S |8 |88 |£§/ 5% S8
S8 |¥8 |3 | &8 SE| 28 By 2
SE Y | ® | §F | £§|3% S8«
S S S E =~ 3§ AN
basic phase | average 3,78 3,22 | 2,96 2,87 | 2,74 2,96 | 3,13 | 3,09
standard deviation 1,31 1,35 | 1,43 1,10 | 1,21 1,33 | 1,39 | 1,28
bootstrapping | average 4,96 3,73 | 4,36 3,84 | 3,38 3,53 | 3,22 | 2,93
phase | standard deviation 1,51 1,63 | 1,69 1,76 | 1,72 1,53 | 1,58 | 1,54
acceleration | average 5,42 3,42 | 4,15 3,33 | 3,33 3,39 | 3,21 | 3,27
phase | standard deviation 1,70 1,94 | 2,03 2,03 | 2,07 2,01 | 2,00 | 2,02
sustain phase | average 5,11 2,78 | 4,11 3,11 | 2,22 2,33 | 2,44 | 3,11
standard deviation 1,90 2,28 | 2,57 2,20 | 1,48 1,94 | 1,88 | 2,26

5. Conclusions and further research directions

The research procedure provided answers to the research questions. Firstly, the results of
the study show that companies in the energy sector in Poland are at the beginning of the path
of implementing a digital transformation strategy, regardless of the size of the company.
The outcomes are consistent with the observations of Brodny, Tutak and Bindzar (2021).
Secondly, the level of use of Industry 4.0 tools confirms the low level of digitalization. Most of
the respondents gave low marks to the use of particular tools. Nevertheless, in answer to the

third research question, it is possible to formulate a conclusion that managers in energy
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companies in Poland attribute importance to digital transformation processes. The low level of
use and implementation of digital transformation strategies may be due to historical conditions,
outdated infrastructure and financial constraints (Brzéska, 2016; Nogalski, Szpitter, Brzoska,
2017). Other researchers (Shabalov, Zhukovskiy, Buldysko, Gil, Starshaia, 2021; Zhukovskiy,
Starshaia, Batueva, Buldysko, 2018) also point to the worn-out infrastructure as the main reason
for the low level of implementation of digital transformation strategies. Swiatowiec and Stepien
(2022) reports that the situation of the Polish energy sector compared to other EU countries
looks extremely unfavorable and requires comprehensive investments in infrastructure.
However, these issues require in-depth research, which points to directions for further research.

There are several limitations to this study, although these could be considered as
an incentive for further research. Among the limitations of the research procedure, issues such
as the single respondent design and the exclusion of micro entities from the research should be
noted. However, the exclusion of micro entities from the analysis was intentional, and this area
deserves the attention of researchers. Conducting research on this group of entities may broaden
the picture regarding problems related to the implementation and realization of digital
transformation. However, it must be taken into consideration that the specificity of the
functioning and organization of the activity of micro enterprises may distort the image of the
sector. Referring to the single respondent design, it was assumed that in this phase of the
research it is reasonable to collect individual opinions specific to a given enterprise. It would
be worth extending the analysis by conducting in-depth interviews or attempting more in-depth
research at the level of individual entities.

Digital transformation research (Warner, Wiager, 2019) points out that leaders in various
industries are not consistent in defining digital transformation practices. As a result, strategic
thinking about digital transformation and engagement with tools takes different directions.
A similar observation arises from our study, some of the research outcomes seem to be puzzling.
A half of surveyed Industry 4.0. tools show a lower adaption in the ‘sustain phase’ than in the
‘basic phase’. These results are implausible and require in-depth research. Moreover, it would
be worthwhile conducting research on implementing digital transformation strategies and the
use of Industry 4.0 tools in the energy sector in other European countries. The development of
the energy sector is not only the result of political decisions made at a European or global level,
but is also affected by the level of economic development and the availability of resources.

Acknowledgements

The project was financed within the Regional Initiative for Excellence program of the
Minister of Science and Higher Education of Poland in the years 2019-2023, grant no.
004/RID/2018/19, financing 3,000,000 PLN.



116 A. Chwitkowska-Kubala, K. Malewska, K. Mierzejewska

References

10.
1.

12.

. Akberdina, V., Osmonova, A. (2021). Digital transformation of energy sector companies.

E3S Web of Conferences, 250. https://doi.org/10.1051/e3sconf/202125006001

Al-Ruithe, M., Benkhelifa, E., Hameed, K. (2018). Key Issues for Embracing the Cloud
Computing to Adopt a Digital Transformation: A study of Saudi Public Sector. Procedia
Computer Science, 130, 1037-1043. https://doi.org/10.1016/j.procs.2018.04.145.

Beyond the Supercycle: How Technology is Reshaping Resources (2017).

Boichuk, N. (2020). Identification and Evaluation of Industry 4.0 Solutions in the
Automotive Industry - a Case Study. Zeszyty Naukowe. Organizacja i Zarzqdzanie,
z. 147, Modernity of industry and services, 53-64. Politechnika Slaska,
https://doi.org/10.29119/1641-3466.2020.147 .4.

Brzoska, J. (2016). Zastosowanie strategicznej karty wynikéw do pomiaru wartos$ci
tworzonej przez modele biznesu przedsigbiorstw energetycznych. Zeszyty Naukowe,
Organizacja i Zarzqdzanie, z. 89(89). Politechnika Slaska, 65-80.

Burda, Y.D., Volkova, 1.O., Gavrikova, E.V., & Kosygina, A.V. (2019). Digitalization and
ways for the development of the electric energy industry with the participation of
consumers: New challenges for shaping the investment climate. Journal of Siberian
Federal  University - Humanities and Social Sciences, 12(4), 545-564.
https://doi.org/10.17516/1997-1370-0408.

Chanias, S., Myers, M.D., Hess, T. (2019). Digital transformation strategy making in pre-
digital organizations: The case of a financial services provider. Journal of Strategic
Information Systems, 28(1), 17-33. https://doi.org/10.1016/].jsis.2018.11.003.
Chebotareva, G. (2021). Digital transformation of the energy sector: A case of Russia.
E3S Web of Conferences, 250. https://doi.org/10.1051/e3sconf/202125001001.

Dang, D., Vartiainen, T. (2020). Changing patterns in the process of digital transformation
initiative in established firms: The case of an energy sector company. Proceedings of the
24th Pacific Asia Conference on Information Systems: Information Systems (IS) for the
Future, PACIS 2020. Association for Information Systems (AIS).

European Commission (2021). Action plan on the digitalisation of the energy sector.
Fatma, M., Rahman, Z., Khan, 1. (2014). Multi-Item Stakeholder Based Scale to Measure
CSR in the Banking Industry. International Strategic Management Review, 2(1), 9-20.
https://doi.org/10.1016/j.ism.2014.06.001.

Gao, S., Hakanen, E., Toytari, P., Rajala, R. (2019). Digital Transformation in Asset-
intensive Businesses : Lessons Learned from the Metals and Mining Industry Digital
Transformation in Asset-intensive Businesses: Lessons Learned from the Metals and
Mining Industry. Proceedings of the 52nd Hawaii International Conference on System
Science, (January). https://doi.org/10.24251/HICSS.2019.593.



Digital transformation of energy sector enterprises in Poland... 117

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

Gawlik, L. (2018). The Polish power industry in energy transformation process. Mineral
Economics, 31(1-2), 229-237. https://doi.org/10.1007/s13563-017-0128-5.

Ghobakhloo, M., Fathi, M. (2021). Industry 4.0 and opportunities for energy sustainability.
Journal of Cleaner Production, 295, 126427. https://doi.org/10.1016/j.jclepro.2021.
126427.

Ghobakhloo, M., [Iranmanesh, M. (2021). Digital transformation success under Industry 4.0:
a strategic guideline for manufacturing SMEs. Journal of Manufacturing Technology
Management, 32(8), 1533-1556. https://doi.org/10.1108/JMTM-11-2020-0455.

Giehl, J., Gocke, H., Grosse, B., Kochems, J., Miiller-Kirchenbauer, J. (2020). Survey and
classification of business models for the energy transformation. Energies, 13(11), 2981.
https://doi.org/10.3390/en13112981.

Giones, F., Brem, A., Berger, A. (2019). Strategic decisions in turbulent times: Lessons
from the energy industry. Business Horizons, 62(2), 215-225.
https://doi.org/10.1016/j.bushor.2018.11.003.

Goosen, E., Nikitenko, S., Kagan, E., Pakhomova, E. (2020). Toward industry 4.0 in energy
sector. IOP Conference Series: Materials Science and Engineering, 865(1), 012020.
https://doi.org/10.1088/1757-899X/865/1/012020.

GUS (2021). Energia 2021. Warszawa.

Havle, B.B., Dursun, M. (2019). Digital Transformation in Energy Industry: A Literature
Review for Future Studies. Proceedings - 2019 3rd International Conference
on Data Science and Business Analytics, ICDSBA 2019, 166-170.
https://doi.org/10.1109/ICDSBA48748.2019.00043

Huang, Z., Yu, H., Peng, Z., Feng, Y. (2017). Planning community energy system in the
industry 4.0 era: Achievements, challenges and a potential solution. Renewable and
Sustainable Energy Reviews, 78(January), 710-721. https://doi.org/10.1016/j.rser.2017.
04.004.

Instytut Energetyki Odnawialnej (2021). Rynek Fotowoltaiki w Polsce. Warszawa: Instytut
Energetyki Odnawialne;j.

Jankiewicz, S. (2018). Infrastruktura energetyczna jako istotny element bezpieczenstwa
Polski. In: Z. Wilk-Wo$, A. Marjanski (Eds.), Bezpieczenstwo i zarzqdzanie kryzysowe.
Wybrane problemy: Vol. XIX, Z (pp. 195-202). Lodz-Warszawa: Przedsigbiorczosé¢
1 Zarzadzanie, Wydawnictwo SAN.

Kampker, A., Wessel, S., Lutz, N., Bildhauer, M., Hehl, M. (2020). Holistic integration of
a VR solution into the planning process of scalable production systems. Procedia CIRP, 88,
133-138. https://doi.org/10.1016/j.procir.2020.05.024.

Kicinski, J. (2021). Green energy transformation in Poland. Bulletin of the Polish Academy
of Sciences: Technical Sciences, 69(1), 136213. https://doi.org/10.24425/bpasts.
2020.136213.

Koczan, M. (2020). Polityka energetyczna Polski do 2040 roku — przejaw realizmu czy



118 A. Chwitkowska-Kubala, K. Malewska, K. Mierzejewska

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

wishful thinking? In: Systemy bezpieczenstwa: Wymiar lokalny i panstwowy.
https://doi.org/10.12797/9788381383677.09.

Lipski, M. (2016). Wyzwania sektora energetycznego w Polsce z perspektywy
akcjonariuszy. Zeszyty Naukowe PWSZ w Ptocku Nauki Ekonomiczne, XXIII, 269-279.
Litvinenko, V.S. (2020). Digital Economy as a Factor in the Technological Development
of the Mineral Sector. Natural Resources Research, 29(3), 1521-1541.
https://doi.org/10.1007/s11053-019-09568-4.

Loock, M. (2020). Unlocking the value of digitalization for the European energy transition:
A typology of innovative business models. Energy Research and Social Science,
69(August), 101740. https://doi.org/10.1016/j.erss.2020.101740.

Loépez-Guajardo, E.A., Delgado-Licona, F., Alvarez, A.J., Nigam, K.D.P., Montesinos-
Castellanos, A., Morales-Menendez, R. (2021). Process intensification 4.0: A new approach
for attaining new, sustainable and circular processes enabled by machine learning. Chemical
Engineering and Processing - Process Intensification. https://doi.org/10.1016/j.cep.2021.
108671.

Lytras, M.D., Visvizi, A., Sarirete, A., Chui, K.T. (2021). Preface: artificial intelligence and
big data analytics for smart healthcare: a digital transformation of healthcare primer.
In:  Artificial Intelligence and Big Data Analytics for Smart Healthcare.
https://doi.org/10.1016/b978-0-12-822060-3.00018-8.

Makarov, A.A., Mitrova, T.A., Kulagin, V.A. (2021). Long-term development of the global
energy sector under the influence of energy policies and technological progress. Russian
Journal of Economics, 6(4), 347-357. https://doi.org/10.32609/J.RUJE.6.55196.
Maroufkhani, P., Desouza, K.C., Perrons, R.K., Iranmanesh, M. (2022). Digital
transformation in the resource and energy sectors : A systematic review. Resources Policy,
76(August 2021), 102622. https://doi.org/10.1016/j.resourpol.2022.102622.

Ministry of Climate and Environment (2021). Energy Policy of Poland until 2040. Warsaw.
Mourtzis, D., Angelopoulos, J., Panopoulos, N. (2022). Design and Development of an
Edge-Computing Platform Towards 5G Technology Adoption for Improving Equipment
Predictive = Maintenance. Procedia  Computer  Science, 200(2019), 611-619.
https://doi.org/10.1016/j.procs.2022.01.259.

Munim, Z.H., Balasubramaniyan, S., Kouhizadeh, M., Ullah Ibne Hossain, N. (2022).
Assessing blockchain technology adoption in the Norwegian oil and gas industry using
Bayesian Best Worst Method. Journal of Industrial Information Integration, 28(September
2021), 100346. https://doi.org/10.1016/5.j11.2022.100346.

Nogalski, B., Szpitter, A.A., Brzoska, J. (2017). Modele i strategie biznesu w obszarze
dystrybucji energii elektrycznej w Polsce. Gdansk: Wydawnictwo Uniwersytetu
Gdanskiego.

Paprocki, W. (2016). Cyfryzacja Gospodarki I Spoteczenstwa — Szanse i Wyzwania Dla
Sektorow Infrastrukturalnych. In: Cyfryzacja gospodarki i spoteczenstwa.



Digital transformation of energy sector enterprises in Poland... 119

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.
53.

Pietrzak, M.B., Iglinski, B., Kujawski, W., Iwanski, P. (2021). Energy sector. Energy
Transition in Poland—Assessment of the Renewable Energy Sector, 14(2046), 1-23.
https://doi.org/10.4324/9781315070339-12.

Ravichandran, T. (2018). Exploring the relationships between IT competence, innovation
capacity and organizational agility. Journal of Strategic Information Systems, 27(1), 22-42.
https://doi.org/10.1016/}.js1s.2017.07.002.

Remane, G., Hanelt, A., Wiesbock, F., Kolbe, L. (2017). Digital Maturity in Traditional
Industries - An Exploratory Analysis. Proceedings of 25th European Conference on
Information Systems (ECIS 2017), June, 1-15.

Roblek, V., Mesko, M., Krapez, A. (2016). A Complex View of Industry 4.0. SAGE Open,
6(2). https://doi.org/10.1177/2158244016653987.

Schaeffer, G.J. (2015). Energy sector in transformation, trends and prospects. Procedia
Computer Science, 52(1), 866-875. https://doi.org/10.1016/j.procs.2015.05.144.

Schuh, G., Rebentisch, E., Riesener, M., Ipers, T., Tonnes, C., & Jank, M.H. (2020). Data
quality program management for digital shadows of products. Procedia CIRP, 86, 43-48.
https://doi.org/10.1016/j.procir.2020.01.027.

Sestino, A., Prete, M.1., Piper, L., Guido, G. (2020). Internet of Things and Big Data as
enablers for business digitalization strategies. Technovation, 98(July), 102173.
https://doi.org/10.1016/j.technovation.2020.102173.

Shabalov, M.Y., Zhukovskiy, Y.L., Buldysko, A.D., Gil, B., Starshaia, V.V. (2021).
The influence of technological changes in energy efficiency on the infrastructure
deterioration in the energy sector. Energy Reports, 7, 2664-2680.

Shahi, C., Sinha, M. (2021). Digital transformation: challenges faced by organizations and
their potential solutions. International Journal of Innovation Science, 13(1), 17-33.
https://doi.org/10.1108/1J1S-09-2020-0157/FULL/PDF.

Singh, S., Sharma, M., Dhir, S. (2021). Modeling the effects of digital transformation in
Indian manufacturing industry. Technology in Society, 67. https://doi.org/10.1016/
j-.techsoc.2021.101763.

Sulich, A., Sotoducho-Pelc, L., Ferasso, M. (2022). Management Styles and Decision-
Making : Pro-Ecological Strategy Approach, 1-18.

Swiatowiec-Szczepanska, J., Stepien, B. (2022). Drivers of Digitalization in the Energy
Sector—The Managerial Perspective from the Catching Up Economy. Energies, 15(4),
1-25. https://doi.org/10.3390/en15041437.

Szczerbowski, R. (2018). Wyzwania polskiego sektora wytworczego do 2030 roku. Zeszyty
Naukowe Instytutu Gospodarki Surowcami Mineralnymi i Energiq Polskiej Akademii Nauk,
102, 203-216.

Szum, K., Nazarko, J. (2020). Development Using an Extended SWOT Analysis, 1-27.

Tai, X.Y., Ocone, R., Christie, S.D.R., Xuan, J. (2022). Multi-objective optimisation with

hybrid machine learning strategy for complex catalytic processes. Energy and Al,



120 A. Chwitkowska-Kubala, K. Malewska, K. Mierzejewska

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

7(December 2021), 100134. https://doi.org/10.1016/j.egyai.2021.100134.

Torkayesh, A. E., & Torkayesh, S. E. (2021). Evaluation of information and communication
technology development in G7 countries: An integrated MCDM approach. Technology in
Society, 66, 160-791. https://doi.org/10.1016/j.techsoc.2021.101670.

Trzaska, R., Sulich, A., Organa, M., Niemczyk, J., Jasinski, B. (2021). Digitalization
Business Strategies in Energy Sector: Solving Problems with Uncertainty under Industry
4.0 Conditions. Energies, 1-21.

Tutak, M., Brodny, J., Bindzar, P. (2021). Assessing the Level of Energy and Climate
Sustainability in the. Energies, 14(6), 1767.

Vial, G. (2019). Understanding digital transformation: A review and a research agenda.
The Journal of Strategic Information Systems, 28(2), 118-144. https://doi.org/10.1016/
J.JSI1S.2019.01.003.

Voropai, N. (2020). Electric power system transformations: A review of main prospects and
challenges. Energies, 13(21). https://doi.org/10.3390/en13215639.

Walkowska, K., Berent-Kowalska, G., Peryt, S., Dziedzina, K., Jurgas, A., Kacprowska, J.,
Moskal, 1. (2021). Gospodarka paliwowo-energetyczna w latach 2019 i 2020 (Energy
statistics in 2019 and 2020). Warszawa.

Warner, K.S.R., Wiger, M. (2019). Building dynamic capabilities for digital
transformation: An ongoing process of strategic renewal. Long Range Planning, 52(3), 326-
349. https://doi.org/10.1016/j.1rp.2018.12.001.

Weigel, P., Fischedick, M. (2019). Review and categorization of digital applications in the
energy sector. Applied Sciences (Switzerland), 9(5350), 1-18. https://doi.org/10.3390/
app9245350.

Wisniewski, G. (2022). Produkcja energii elektrycznej z OZE - podsumowanie roku 2021 .
You, Y., Yi, L. (2021). A Corpus-based empirical study on energy enterprises digital
transformation. Energy Reports, 7, 198-209. https://doi.org/10.1016/j.egyr.2021.10.038.
Zakrzewska, S., Gil-Swiderska, A., Szmitkowski, P. (2020). Struktura wiekowa polskiej
infrastruktury energetycznej. Rynek Energii, 2, 8-23.

Zawadka, M., Pabian, A., Bylok, F., Chichobtazinski, L. (2015). Innowacje w sektorze
energetycznym. Zeszyty Naukowe Politechniki Czestochowskie, 19, 7-21.

Zhukovskiy, Y.L., Starshaia, V.V., Batueva, D.E., Buldysko, A.D. (2018). Analysis of
technological changes in integrated intelligent power supply systems. In: Innovation-based
development of the mineral resources sector: challenges and prospects (pp. 249-258). CRC
Press.

Zou, C., Zhao, Q., Zhang, G., Xiong, B. (2016). Energy revolution: From a fossil energy
era to a new energy era. Natural Gas Industry B, 3(1), 1-11. https://doi.org/10.1016/
Jngib.2016.02.001.



