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Abstract: This article attempts to identify the key forces driving the successful digitalization of the
energy sector, ensuring improvements in the energy triangle including sustainability, stability, and
economic performance. The article sheds light on the diverse energy priorities at supra-, national,
and managerial levels, and the role of digitalization in achieving these objectives. Catching up
economies (such as Poland), being post-socialist EU member states, in order to transform its energetic
sector, must overcome a number of infrastructural and social shortcomings retained as a legacy of
the socialist economy. As such, sustainability (as the core priority at EU energy agenda) may not be
the leading objective at both national and company level in the energy sector transformation. This
article presents the results of empirical research carried out through distribution of e-questionnaire
addressed to Polish managers from the energy sector. The results were analyzed using the fsQCA
method. The findings suggest that, for managers, the most important drivers of digitalization and
transformation of the energy sector in Poland are its high economic performance, together with
support for energy prosumers and consumers. The prerequisites for a successful digitalization are
alternatively the absence of management barriers, or a combination of high economic performance
and a strong focus on environmental protection. Surprisingly, according to managers surveyed, the
rapid implementation of new technologies is not considered a vital condition for successful digital
transformation of the energy sector, which implies either or managerial lack of knowledge in this
area and/or a reluctance to introduce digital rapid technologies.

Keywords: energy sector; digitalization; sustainability; catching up economy; fsQCA

1. Introduction

Electricity sourcing, production, and transmission serves as the economic lifeblood
of any economy, and, together with the transport and communication system, determines
its efficient functioning [1-5]. Due to the interdependence of economic development on
access to energy, this sector is the subject of strategic state protection, and often a large part
of the infrastructure (especially mining and transmission) remains public. The security and
stability of the energy system depends on ensuring stable supply, hence diversification of
sources and energy self-sufficiency is a strategic priority for states. The efficient functioning
of the energy sector is also necessary for ensuring economic growth. However, economic
development and steady increase in energy demand comes with increasing environmental
costs. Ensuring both sources of energy and ways of its non-environmentally harmful
transmission and distribution becomes a global challenge.

The global energy sector is currently a subject of multi-fold change. Energy transition
towards an environmentally friendly, low emission energy system is fueled by decarboniza-
tion, digitalization, and decentralization (the ‘three Ds’) (Terminology abbreviations used in
this work are included in Table A1 in the Appendix A), three major, intertwined trends [6].
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The digitalization of the energy sector can greatly facilitate this transformation. Practition-
ers, politicians, and the academic community perceive digitalization as the key factor for
rapid, efficient, and balanced development of energy sector that will help to achieve all
priorities stated in the energy triangle, such as sustainable development, energy stability
(security), and sector competitiveness (efficiency, economic performance) [7-9].

Gaining a detailed understanding of the expected use of digital technologies, together
with the benefits of and barriers to digitization, is essential for defining goals, guidelines,
and detailed programs for achieving digital transformation in specific regions or countries.
Potential risks and bottlenecks should be analyzed at the enterprise, societal, and country
levels in order to develop ways to address barriers to achieving successful digitization
and energy transformation. This article adopts a managerial perspective on the premise
that regardless of energy policy goals, guidelines, and programes, it is the managers and
employees of the energy sector who are responsible for their implementation. Therefore, it
is worth exploring their opinion to gain an idea of what transformational benefits they see
in the digitalization of the sector and what difficulties they face in the process.

While environmental and sustainable goals being vital are justified economically and
socially in the long term, their implementation is costly and challenging, especially for those
EU members that still belong to the catching up economies. New European Union countries
belonging to this category share a common socialist heritage with a variety of shortcomings:
the old infrastructure being dependent on traditional fuels and the privileges of certain
social groups (e.g., miners) have been entrenched for decades [10-12]. Even though these
countries differ from each other (e.g., in terms of the size and scale of the energy transition
challenge), they are still catching up with the developed part of the world in terms of
infrastructure, economy, and society, therefore the environmental goals of EU social policy
might not be recognized as a priority for them.

Studies on the role of digital technologies in the energy sector transition have focused
mainly on the macro level, showing how efficiency, integration, and sustainability goals set
on the supranational (here, meaning the EU level) have been achieved by individual coun-
tries/ EU members [3,4]. In turn, studies on the application of digital technologies in the
energy sector reveal which of these technologies are predominantly used and what benefits
and costs they generate [13-19]. There is a distinct paucity in analysis of how managers
(especially from countries where the palette of transformational challenges in the energy
sector is much larger than in mature economies) perceive the digitalization transformation
of this sector, as well as what type of goals digitalization will help achieve. Learning about
the views of this group will allow for more accurately answering the question about the
prospects for the implementation of energy sector transformation programs at national
and EU levels, as it will reveal not only which digital technologies will help to implement
particular priorities, but will also make it possible to discover the threats connected with
this transformation. In this paper, we explore the main drivers of the digitalization of the
energy sector in Poland: a country which is an example of a catching up economy which
also forms part of the EU supranational socio-political-economic community, pursuing an
ambitious energy policy aimed at environmental neutrality and sustainability. The goal is
to detect the main drivers of sector digitalization and barriers that must be overcome in
order to transform it with digital technologies introduction and usage. In this paper, we
state the following research questions:

RQ1. What are the expectations from the digitalization of the energy sector in European countries?

RQ2. What are the most important drivers for digital technologies in the energy sector in Poland, a
country classified as a catching up economy?

RQ3. What are the barriers to digitalizing the energy sector in a country catching up with Europe’s
economic leaders?

A mixed methods approach of data acquisition and analysis was adopted to answer
the questions posed above. In order to obtain data, an e-questionnaire was created on
the basis of literature analysis and interviews with experts from the energy sector. It was
distributed to managers responsible for the transformation of the energy sector in Poland.
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The obtained data (44 responses), received in November 2021, were analyzed using fuzzy
set Qualitative Comparative Analysis (fsQCA). Using fsQCA allowed for the identification
of the most significant drivers in the digital transformation of the energy sector in Poland.

The rest of the paper is organized as follows. In the theoretical part, we present the
main trends of digital transformation of the energy sector as challenges for transnational
and national policies. Then, we identify expectations related to the digitalization of the
energy sector at macroeconomic and microeconomic level. We indicate their relationship
with the objectives of the European Union’s energy policy, taking into account countries
with the greatest delays in energy transformation. We further identify potential barriers
to digitalization of the energy sector, in particular those perceived at the managerial level.
The result of the theoretical considerations is the conceptual model of the expected effects
of digitalization of the energy sector showing the main driving forces and factors hindering
successful digitalization. The empirical part of the article includes a description of the
research method and analysis of the results. The article ends with a discussion of the
obtained results and conclusions.

2. Theoretical Background
2.1. Digitalization of the Energy Sector

The digital transformation of the energy sector has taken place worldwide for many
years [8,20,21]. This sector has long been a pioneer in the application of new technologies
(IT), and in recent years it has been experiencing tremendous changes, associated with
the fourth industrial revolution, called Industry 4.0 [22,23]. The pace of digitalization in
the power industry is accelerating. Over the past few years, energy companies have been
heavily invested in digital technologies. As reported by the International Energy Agency,
global investment in digital power infrastructure and software has increased by more
than 20% per year since 2014, reaching $47 billion in 2016. Digital investments in 2016
were nearly 40% higher than investments in the natural gas power industry worldwide
($34 billion) [24]. The underpinning of these changes in many countries, particularly in EU
member states, was substantial in liberating the electricity market and introducing new
renewable energy regulations was

In order to analyze digital trends, it is important to distinguish between the concepts of
digitization and digitalization [25]. Digitization is the process of capturing, editing/using,
and storing analog information on digital storage media. Digitalization, also known as
digital transformation, refers to the application of digital technologies to improve business,
policy, or decisions in general in order to increase overall efficiency, cost, security, and
sustainability [26]. According to Vial [27], digital transformation is “a process that aims
to improve an entity by triggering significant changes to its properties through combinations
of information, computing, communication, and connectivity technologies.” The International
Energy Agency (IEA) states that digitalization means a growing interdependence of the
digital and physical spheres, due to the increasing use of ICTs in daily life [24]. In the
energy sector, digitalization provides the necessary infrastructure and interfaces to enable
smart and efficient functioning of operations and operators.

According to experts, the most important global digital trends that will be actively
implemented in the energy industry of the near future are the decentralization of power
generation, the digitalization of infrastructure, intelligent control and engineering, or the
creation of new opportunities for end consumers of energy [28]. A significant digital trend
for the development of the energy sector is also transforming grid networks into smart
grids [21], electricity networks that allow for the processing, control, and management of
the enormous data flow [29].

The most frequently mentioned digital technologies, already applied in the energy
sector (although still not widely used) are: artificial neural networks (ANN), artificial intelli-
gence (Al), blockchain, Internet of Things (IoT) robotic process automation (RPA), machine
learning, big data mining, or cloud computing [25,26,30]. All technologies listed here:
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e are interdependent and support each other (e.g., blockchain uses big data mining,
cloud computing, can operate more efficiently by using ANNSs, contributes to Al
and IoT);
are largely universal: they are applicable in many spheres of social and economic life;
their application entails comprehensive benefits.

From a list of new technologies applicable in various industries, including the energy
sector, the following deserve special attention: blockchain, ANN, and Al The reason for
this choice is that:

they use or enable the development of the other listed technologies and applications;
they have wide applicability of use; and

they provide all the benefits regarding stability, efficiency, and environmental sustain-
ability of the energy sector.

Blockchain technology enables the efficient management of the growing complexity of
the energy sector’s structure and networks through the controlled use of data (while ensur-
ing its sovereignty) and direct interaction between actors (i.e., allows for disintermediation)
by comprehensively and simultaneously monitoring energy flows at low cost and in detail,
regardless of their size and distance [31-33]. The greatest potential and, at the same time,
benefits of applying this technology are primarily revealed in direct transactions between
customers and energy suppliers (including prosumers). Blockchain technology, thanks to
disintermediation, enables the direct transfer of energy from competing suppliers and facil-
itates financial settlements between these entities and clients, including the simplification
and possible reduction of the volume of taxes or administrative fees. By controlling all the
links in the process, blockchain technology also ensures security of supply by providing
information on the origin of energy.

Even more promising, considering benefits of use in the energy sector, are artificial
neural networks that enable to analyze information in a novel way. Artificial neural
networks, as the proverbial doorway to artificial intelligence (Al), are mathematical and
computer models that mimic the work of neurons and a human brain. They are a system
of interacting processes, able to analyze information and learn, remember, and reproduce
images, identify patterns, and generate solutions [34].

The application of artificial neural networks and the Al based on them in the energy
industry is impressively multi-stage and multi-area. They can be used in the following
stages of the energy value chain:

e power network design: in forecasting energy demand and assessing the reliability of
generation equipment, automating protection, and controlling systems’ overload in
production and transmission;
energy generation: for the prevention and cost optimization of equipment operation;
transmission and sales: automating the selection of the most cost-effective/ strategic
suppliers, etc., dynamic differentiation and optimization of energy prices depending
on season customer habits, automation of billing, etc.

The use of artificial neural networks in the power industry is already evident in many
countries around the world. The use, benefits, and prerequisites, as well as possible risks of
using digital technologies, have already been analyzed, for example in the UK [13,14,35],
Germany [26] USA [15], Norway [21], China [16,17], or Russia [18,19].

The energy sector transformation, driven by new digital technologies, makes it attrac-
tive to new private investors and implies increased competition with new business models
introduced. The current wave of digitization is also driven by consumer demand seeking
advanced digital services or products. Every company in the energy sector is therefore
facing the need to prepare itself for digital transformation to be able to face and survive in
novel, fierce competition game.
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2.2. Objectives and Benefits of the Energy Sector Digitalization

The complexity and interdependence of digitalization outcomes in the energy sector
makes its classification difficult. Based on a thorough and extensive literature review, Weigel
and Fischedick [26] classified digitalization benefits in the energy sector with respect to:
(1) system stability; (2) environmental protection; (3) energy demand reduction; (4) revenue
enhancement; (5) cost reduction; and (6) customer satisfaction. Table 1 describes the main
uses and benefits of the most important digital technologies in the energy sector with
regard to EU energy policy objectives. The six subcategories (smart grid and optimized
operation, smart market and flexibility integration, anomaly detection and prediction,
process efficiency, smart home, trust and transparency) account for a broad spectrum of
benefits, as they cover a large number of individual digital applications [26].

Table 1. Digital applications and their use and benefits in the energy sector.

Applications of Digital Types of Digital Technology

Main Benefits of

Digital Transformation Technology in the Energy Most Used in the Energy
Industry Industry
Blockchain
1.  System security and Artificial neural networks (ANN),
stablht.y and cost Smart grid and optimized Artlf%aal intelligence (AI)
reduction operations Robotic process automation
2. Environmental P Machine learning
protection Big data
Cloud computing
. Internet of Things (IoT)
L gt};sl;tflﬁl s;rcll;rztoys:md Artificial neural networks (ANN),
Y Smart market and Artificial intelligence (AI)
reduction e . .
. flexibility integration Blockchain
2. Environmental .
. Big data
protection

Cloud computing

Artificial neural networks (ANN),
Artificial intelligence (AI)

1.  System security and

stabilit Anomaly detection and Robotic process automation (RPA)
2 Cost re}clluc tion prediction Machine learning
’ Big data

Cloud computing

Artificial neural networks (ANN),
Artificial intelligence (AI)
Robotic process automation (RPA)

1. Cost reduction Process efficiency Blockchain
Machine learning
Big data
Cloud computing
Internet of Things (IoT)
1. Environmental Artificial intelligence (AI)
protection Smart home Blockchain
2. Customer satisfaction Big data
Cloud computing
1. Customer satisfaction Blockchain
2. System security Trust and transparency Big data
and stability Cloud computing

Source: own evaluation with usage of: [15,26,36-38].

A common feature of most lists describing digitalization benefits is that they are
analyzed comprehensively, without discussing its importance at the management level.
However, not all benefits, vital for global energy policy, can be considered as such at the
managerial level. Even though macroeconomic and microeconomic benefits are interde-
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pendent and affect the global energy economy, separating them into these more relevant to
companies and those crucial to state or regional policy politics allows to capture differences
between those two perspectives on the same issue.

Below, we attempt to identify the main benefits at the macro and micro level, to
facilitate analysis of digitalization challenge from a company and managerial perspective.

2.2.1. The Role of Digitalization in Achieving Global and Regional Energy Transition Goals

The goals of digital transformation of the energy sector refer to the global energy policy.
The literature identifies three key objectives of this policy: (i) reducing costs, (ii) securing
energy supply, while (iii) reducing climate burdens [39,40]. The terms ‘energy policy
triangle’ or ‘energy policy trilemma’ [7,9] illustrate synergies and trade-offs between these
potentially conflicting objectives [6,41,42].

An analysis of energy policy at international level clearly shows that its main priority
is the pursuit of sustainable development [43-45]. Recognition of this priority as the main
driver of change in the global energy sector is a well-known fact, supported by legal
arrangements. The Paris Agreement negotiated at the 21st Conference of the Parties during
the United Nations Framework Convention on Climate Change in December 2015 declared
a global consensus to ensure the increase in global average surface temperature remained
below 2 °C from pre-industrial levels [41]. This agreement reinforced the international
requirement for a low-carbon transformation of the energy sector.

The main goals of the EU energy policy are to reduce the environmental impact of its
production and transmission while maintaining the security and stability of the system, in
order to serve economic and social development. The objective is to create an integrated,
secure, and stable European energy market (Article 194 of the Treaty on the Functioning of
the European Union) [46], with the main challenges being:

decarbonizing the economy and reducing CO, emissions;

diversifying Europe’s energy sources, including reducing dependence on energy

imports;

e integration and free movement of energy within the EU.

While the integration of the energy market is dictated by security and stability con-
siderations, the reduction of CO, emissions results from efforts to reduce the negative
environmental impact and the implementation of the principle of sustainable development
in this area. Diversification of energy sources has a twofold purpose: to reduce the negative
impact on the environment, and to ensure the stability and security of energy supplies.
Although these three goals do not directly indicate maintaining high competitiveness of
the sector, it is, next to sustainability and stability, a political priority. The sector needs to
be efficient and cost-competitive to ensure that Community members grow and develop.
The importance of the efficiency factor resounds in the Clean Energy for All Europeans
package introduced in the EU in 2019. The package aims to achieve carbon neutrality
across the Community by 2050 by gradually replacing fossil fuels with cleaner energy [43].
The assumptions of this package for 2030 (set out in the updated EU Climate and Energy
Framework) are:

e  40% reduction in CO, emissions;
e  32% share of renewable energy sources; and
32.5% increase in energy efficiency.

The implementation of EU energy policy objectives depends on cooperation between
Member States, and, as such, should contribute to greater transparency of the entire market
by eliminating technical and regulatory barriers. The cooperation is also aimed at intensify-
ing research and development activities in the field of so-called clean energy technologies.

There is a consensus among practitioners and theorists that the use and application
of the latest digital technologies will enable a more efficient use of energy resources and
positively affect all pillars of the energy triangle—energy security, economic growth, and
sustainability [6,21].
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Energy security can be greatly enhanced by technologies that control the system and
improve its stability. Digitalization is mainly based on technology that captures, transmits,
and analyzes data that can then be used. With the increasing number of decentralized,
variable power generators, the system must receive technological support to cope with this
complexity, high rate of variability in power generation, and maintain balance. Information
technologies for system balance control (the so-called “smart grid”) provide information
about actual and predicted demand, production, and network capacity [47,48]. Processing
such a large amount of different information also enables faster fault detection and even
remote fault resolution in the system.

Digital technologies also foster cost reduction, and this is a feature of most digital
applications, regardless of their classification. Data analytics and machine learning in
particular can optimize internal processes and increase predictive capabilities by creating
digital twins. [49]. With usage of RPA, many repetitive tasks can be automated and
connected to the information systems of all links in the supply chain their [50]. This all
leads to increased process and system-wide efficiency.

Digital technologies also favor sustainability as they help to: (i) reduce energy demand,
and thereby diminish greenhouse gas emissions and resource consumption (ii) through
more accurate demand forecast to adjust supply and hence optimize energy production,
(iii) avoiding unnecessary network reinforcements.

Last but not least, digitalization drives decentralizing of the energy system. The
continuous decline in the cost of distributed energy resources (DER) and the pressure to
contain adverse climate change are forcing investment in renewable energy and energy
storage. Digitalization will enable gradually transform and integrate local, independently
produced energy. Investing in a mix of renewable and distributed energy resources (such
as solar photovoltaics), energy storage, electric mobility, combined heat and power, energy
management systems, and smart appliances means radically increasing the connections
between new devices and their producers, distributors, and users. For example, with
the electrification of the heating and transport sector, billions of internet-connected DER
devices are expected to integrate with existing electrical grids by 2030 [28]. Only the use
of advanced digital technologies will allow the integration and management of such a
decentralized system.

2.2.2. Micro-Economic Drivers of Business Digitalization in the Energy Sector

Many companies in the energy sector recognize the potential of digital technologies
and feel an urgent need to “become digital” [26], as it serves as an opportunity to gain
direct economic benefits. These are primarily related to the possibility of revenue growth
through the development of new products, services, and access to new customers.

An important driver is also to better satisfy customers’ needs and expectations, which
will provide a competitive advantage. For decades, customers wanted electricity to be cheap
and accessible. Nowadays, customers and consumers from highly developed countries
have increased their expectations towards this commodity. Climate-friendly energy and
transparency regarding its consumption and costs have become more important. Digital
applications in the form of ‘smart meters” or ‘smart home” more broadly, can help to
meet the expectations of reduced costs and increased transparency and use of renewable
energy [29]. The ‘smart home’ concept allows the measurement of energy consumption
on daily basis, and issuing billing accordingly, as well as showing the consumption of
individual household appliances and visualize the information. This creates transparency,
and provides the opportunity to identify energy saving potential. Usage of neural networks
in such systems helps to adapt to the habits of consumers. These systems increase customer
satisfaction on the one hand and reduce costs on the other, as most interactions can be
performed by online consumers’ portals.
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2.3. Inequalities in Sustainable Energy and Digitalization in European Countries

The transformation of the European energy sector takes place at different levels. On
the one hand there is a common, unified regional policy where the objectives described
above are set, negotiated, and approved, while (e.g., with regard to nuclear policy, priorities
and pace of legal, infrastructural and process changes along the supply chain, the choice of
renewable sources, administrative regulations, etc.). Its formation and implementation is
decentralized, politicized, and depends on the individual policies of Member States [51-55].

The reduction effort targets for individual countries were differentiated by setting
annual greenhouse gas emission caps based on EU members national GDP per capita.
However, this differentiation does not mean that every member state will be able to meet
the adopted targets, as GDP per capita provides information on the level and rate of
growth of the economy to date, but does not reflect what percentage of this growth is
generated with worn-out energy infrastructure requiring investment. GDP per capita only
indirectly suggests the capital potential and the size of possible outlays for transforming
the energy sector. The economic policy priorities of the Member States take into account
many other (separate from energy) areas of social and economic life and, depending on
these (actual/not publicly declared) priorities, available resources are redistributed.

If these results (in terms of the use of RES) vary so considerably (see Figure 1), perhaps
some states have placed more emphasis on strengthening the stability or efficiency of the
sector, further fulfilling environmental requirements?
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Figure 1. Share of energy from renewable sources, 2020 (% of gross final energy consumption). Source:
Own elaboration based on [56,57]. * These targets are set in Directive 2009/28/EC on the promotion of the
use of energy from renewable sources.

To answer this question, it is worth taking into account the following relationships.
Firstly, an increase in the use of RES is associated with an increase and dispersion of
investments in prosumer energy production. There are environmental (but also technical
and economic) benefits of integrating many small units producing energy from different
renewable sources into the system. However, the energy system thus constructed becomes
increasingly complex [58-60]. For such a system to work efficiently, it is necessary to harness
digital technologies to monitor and manage it, allowing for direct energy transmission
between small energy producers and their consumers, storage of this energy, seamless
billing, ensuring flexible transmission, dynamic price planning, etc.
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The use of renewable sources in the energy production structure in Poland is only 16%
in the total energy production. Energy production in Poland is mainly based on hard coal
and lignite. The third largest energy source is crude oil. Moreover, more than 50% of energy
production facilities are over 30 years old. In addition, according to research by Sleszyniski
et al. [61], Poland is characterized by a dispersed settlement structure and diverse regional
development, which further increases the cost of energy transmission. The latter aspect
may explain the different speed of adjustment to the general (not only environmental)
requirements of EU policy within the Visegrdd countries. The study of Wach et al. [51]
shows that, despite the fact that the entire Visegrad group (Poland, the Czech Republic,
Slovakia, and Hungary) are heavily dependent on coal energy sourcing, the effectiveness of
the implementation of the EU energy policy is lowest in Poland, while the Czech Republic,
Hungary, and Slovakia almost achieved the goals during the study period (2005-2018).

Delays in the energy transition in EU countries are usually accompanied by delays in
the digitalization of the economy and society. Poland ranks 24th of 27 EU Member States in
the 2021 edition of the Digital Economy and Society Index [62]. It is ahead only of Greece,
Bulgaria, and Romania (see Figure 2). Its score of 41 points is lower than the EU average,
which is 50.7. Other central European countries, such as Hungary, Slovakia, and the Czech
Republic, also have digitalization rates below the EU average.
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Figure 2. Poland in the ranking of the Digital Economy and Society Index (DESI). Source: Own
elaboration based on [62].

Only 52% of Polish SMEs have achieved at least a basic level of the digital indi-
cator, which is below the EU average of 60%, and 60% of enterprises have achieved a
medium/high level of the ICT indicator (digital level for environmental sustainability),
which is which is below the EU average of 66%. Overall, 15% of Polish enterprises use
cloud solutions, compared to the EU average of 26%, and 18% use some kind of artificial
intelligence (AI) technology in their activities (EU average—25%). Only 14% of Polish en-
terprises actively use social media, and 29% engage in electronic information exchange [62].
E-invoicing and big data are also not yet widespread.
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The situation of the Polish energy sector against the above-mentioned EU commit-
ments in this area looks extremely unfavorable; the way to meet them will require a number
of socially unpopular actions (e.g., mine closures) and comprehensive investments in in-
frastructure and technology, including digital ones. To meet the EU requirements, Poland’s
energy policy until 2040 is based on three pillars [63]:

e fair energy transition; this aims at transforming coal regions, reducing energy poverty
in regions and households and developing new industries related to RES and nu-
clear energy;

e a zero-carbon energy system; the aim is to reduce the share of coal in electricity
generation to 56% by 2030. To meet this target, the share of RES in gross final energy
consumption is planned to increase to 23%, with 32% of RES to be used in electricity
(mainly through wind and photovoltaic sourcing), 28% in district heating and 14% in
transport (use of electro-mobility);

e good air quality; this policy is focused on combating smog with strong use of digital
technologies enabling energy storage, roll-out of smart metering, energy management
and enhancing electro-mobility.

According to the described policy assumptions, approximately EUR 58 billion will be
allocated to the national energy-climate transformation until 2030, with sources coming
from EU, international and national budgets. As clearly stated in PEP2040, the top national
priority is energy security, combined with increased energy efficiency and reduced envi-
ronmental impact. Within the implementation of the above mentioned three pillars, eight
specific objectives were specified:

1.  Optimal use of own energy resources, referring above all to the transformation of
coal regions;

2. Development of electricity generation and grid infrastructure: based on the creation
of a reasonably independent capacity market and the implementation of smart grids;

3.  Diversification of supplies and expansion of network infrastructure for natural gas,
crude oil and liquid fuels. The Baltic Pipe and the Pomeranian Pipeline are planned
to be built;

4. Development of energy markets through construction of a gas hub and development
of electro-mobility;

5. Implementation of nuclear energy;

6.  Development of renewable energy sources: through the implementation of an offshore
wind program and greater use of biomass, biogas, and geothermal energy;

7. Development of district heating and cogeneration;

8. Improving energy efficiency; through the implementation of digital technologies,
promotion, increasing electro-mobility and providing efficient and environmentally
friendly access to heating.

An analysis of the assumptions of the discussed policy indicates that some of the
projects (especially those concerning the transformation of coal regions, the creation of
new infrastructure of storage hubs, new transmission lines of international character, the
increase in electro-mobility, and the integration of heat policy) are to be coordinated at the
governmental level, and are not specifically assigned to the tasks of existing links in the
energy value chain. Objectives directly related to these links relate mainly to the efficiency
increase and securing stability of the system. Meeting environmental requirements appears
as an externally imposed necessity that must be addressed. Lastly, let us not forget that, in
catching up economies, priorities related to the pursuit of environmental protection and
sustainable development often give way to economic and social goals [64-69]. All of this
leads to the assumption that at the managerial level, in a country such as Poland, the main
driver of the sector’s transformation (general and digital) will be economic considerations.
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2.4. Barriers to Digitalization and Energy Transition

The application of digital technologies, not only in the energy sector, involves a number
of challenges [70-73]. From a managerial point of view, the first and foremost is the need
to have a suitably qualified workforce with the knowledge and competences to use and
innovatively develop the technologies in question [21]. The knowledge and skills should
be possessed by those employed in all links (albeit in varying degrees) and at all stages
of the energy value chain: designing, forecasting, producing, transmitting, selling, and
using energy [15,74]. Another requirement is a managerial vision, backed by skills and
knowledge of managing and developing such digital-based energy systems [26,75,76]. An
obvious requirement is also the capital needed to invest in the purchase, implementation,
and use of such technologies.

Digital transformation forces organizational, process, and technology transformation.
Such changes are often met with resistance at different levels of management. For compa-
nies that cannot grow without continuous transformation, an indispensable managerial
skill is change management, where overcoming employee resistance is a central aspect [77].

Even if such barriers or requirements are met from the point of view of enterprises and
the need to implement them is justified, prioritized, and feasible, difficulties in the appli-
cation and use of digital technology may arise from external conditions. The deployment
and use of digital technology can be hampered or restricted by governmental limitation
of investments in this area (e.g., due to redirection of investments to other spheres of eco-
nomic or social life), or resistance of social groups and certain economic entities interested
in maintaining the status quo in terms of the structure and functioning of the existing
energy sector.

The fast and effective implementation of digital technologies in this sector also requires
the support of the government and consent of social groups so far associated with the energy
sector, with full awareness that the sector transformation will involve the need for layoffs.
In the face of the digital revolution, national and regional governments are increasingly
defining digitalization as a strategic priority and launching large-scale initiatives to support
the digital transformation of science, industry, and society. Poland invests in digital
technologies through EU-coordinated programs, and is a member of the European High
Performance Computing Joint Undertaking (EuroHPC JU). It also participates in PRACE
(Partnership for Advanced Computing in Europe) and the PIONIER-LAB National Platform
for Integration of Research Infrastructures. In December 2020, the Council of Ministers
adopted the Polish national Al strategy, an entitled Policy for the development of artificial
intelligence in Poland from 2020 (Resolution No. 196 of The Council of Ministers of
28 December 2020), which discusses Al developments in six areas: society, education,
science, business, public affairs, and international relations.

Despite the measures indicated, it can be assumed that government policy, both
in terms of digitalization and energy, may be perceived by Polish energy companies as
insufficient, thus constituting a barrier to the digital transformation of companies.

2.5. Conceptual Framework and Research Propositions

The above discussion points to three important aspects: (i) the objectives of digitaliza-
tion of the energy sector at the microeconomic level centered around the energy triangle,
(ii) the drivers of digitalization at the company level, and (iii) the factors that are barriers to
the transformation process in the energy sector.

With these considerations in mind, the Figure 3 presents the conceptual framework
supplemented, with propositions stemming from: it.

P1.  Supporting environmental protection is a necessary condition for achieving the expected effects
of digitalization in the energy industry.

P2.  Technological support of prosumers and consumers is a necessary condition for achieving the
expected effects of digitalization in the energy sector.
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P3. Higher performance in the energy sector is a necessary condition for achieving the expected
effects of digitalization in the energy sector in Poland, a country considered as a catching up
economy.

P4.  Rapid deployment of new technologies is a necessary condition for achieving the expected
effects of digitalization in the energy sector.

P5.  The absence of management and external barriers is a necessary condition for the effects of
digitalization of the energy sector.

Outcome - expected effect
of energy sector
digitalization:

Competitiveness Energy

Policy Goals
Sustainable A&%ﬂlrity of
development supply

Casual conditions -
Factors hindering
digitalization in the
energy sector:

¢ External barriers to digitalization

Casual conditions -
Drivers of digitalization in
the energy sector:

¢ Support for environmental protection

¢ Support for prosumers and consum-

ers ¢ Management barriers to digitali-

zation

Energy sector performance

Implementing new technologies

Figure 3. Conceptual framework—drivers and barriers of digitalization in the energy sector. Source:
own elaboration.

3. Research Method
3.1. Data Collection

The sample for this study was collected in October and November 2021. Respon-
dents were experienced managers in the energy industry in Poland. Before sending the
questionnaire, we consulted its content with three energy sector experts from the Polish
Electricity Industry Association [78] (https:/ /psbe.org.pl) and from the Renewable Energy
Association [79]) to minimize misinterpretation or misunderstanding of the questionnaire
content. After e-questionnaire revision, we sent it via mail to the one hundred top managers
from energy sectors selected from Kompass database [80]. We obtained 44 fully completed
responses. Respondents represent different segments of the energy sector. Most of them
were associated with the energy generation (17) and energy distribution segments (11). In
addition, the sample included representatives from the trading (8), energy transmission (2),
and repairs sectors (2). In addition, two managers represented companies involved in the
entire energy value chain (i.e., generation, trading, and distribution of energy). Most of
the managers came from companies with state or municipal ownership (23). Fully private
companies were represented by 12 managers, including eight companies with foreign
capital. The sample included top and middle level managers. In total, 10 managers served
as CEO or sat on the company’s board of directors. The same number each held a marketing
or sales manager position and a technical manager position. The sample also included
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financial managers (4), risk managers (4), HR managers (4), and IT managers (2). The
characteristics of the sample are shown in Table 2.

Table 2. Characteristics of the research sample.

Differentiation Criteria Frequency  Percentage
Energy generation 17 39
Distribution 11 25
Energy industry ~ Trading 8 18
segment Energy transmission 4 9
Repairs in the power industry 2 5
Energy generation, trading, distribution 2 5
Company with participation of the 2 50
State Treasury
Form of company Company with municipal shareholding 10 23
ownership Private ownership with the majority of 8 18
foreign capital
Private ownership with majority of 4 9
Polish capital
Sales or marketing manager 10 23
Manager in technical areas (production, 10 23
technology, etc.)
Professional CEO or member of the board of directors 10 23
position Finance manager 4 9
Manager with responsibility for 4 9
risk management
Human resources manager 4 9
IT manager 2 5

Source: own elaboration.

3.2. Method of Analyzing Data

The data were analyzed using fuzzy set Qualitative Comparative Analysis (fsQCA).
This method uses a configuration approach, fuzzy set theory, and Boolean minimization
to determine what combinations of case characteristics may be necessary or sufficient
to produce a result [81], and is therefore suitable for research of small size samples. It
allows for the analysis of relationships between antecedents and outcomes in a causal and
configurational manner. The strengths of fsQCA include: (1) revealing causal complex-
ity, (2) presenting results as paths of conditioning antecedents, (3) identifying necessary
conditions, (4) the possibility to calibrate fuzzy sets of qualitative data in a transparent
manner, (5) studying the sub- set relations, and (6) identifying a set of both necessary
and sufficient conditions that lead to the outcome. Weaknesses include: (1) the way of
calibrating interview data is left to the researcher’s choice, (2) quantification and prediction
is limited, mainly due to the small sample size, and (3) unidirectionality.

Due to its undeniable benefits, social sciences have started using fsQCA method
increasingly in the last few years [82,83]. In this study, the fsQCA model was used to test
the formulated propositions by assessing the extent to which six identified factors driving or
hindering (causal conditions) the achievement of the expected effects of digitalization in the
energy sector in Poland (outcome). The identified factors (positively influencing the effects
of digitalization of the energy sector covering the so-called energy triangle) are support
for environmental protection, support for prosumer/consumer activity, obtaining higher
results in the energy sector, and implementation of new technologies. Causes of delay
in the achievement of the expected results of the energy sector digitalization are external
barriers (state policy, social resistance, cooperators’ mentality, etc.) and management
barriers (lack of vision or leadership, insufficient competence of employees, outdated
infrastructure, unwillingness to cooperate, etc.). It sought to understand what drivers
of energy digitalization are important for managers and what sort of barriers hinder
energy digitalization.
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The descriptive statistics for the four positive and two negative conditions and the

outcome are presented in Table 3 based on the scores assigned by the respondents using the
original five-point Likert type scale. The aggregated variables (each summed scale) used in
the study were validated for unidimensionality and reliability. Exploratory factor analysis
was used to check unidimensionality. Cronbach’s alpha internal consistency measure was
used to ensure reliability. The analyses indicate acceptable reliability coefficients (CA > 0.70)

and unidimensionality of all variables (loadings > 0.70).

Table 3. Scale items with mean, standard deviation, and standardized loading.

Construct and Scale Items Mean S.D. Loading

Technological support for prosumers and consumers

(SupProCo) CA = 0.93)

1.  Digitalization will make it easier to lease 3.95 0.78 0.82
energy storage

2. Digitalization will facilitate digital energy 427 0.83 0.80
disposition services

3. Digitalization of the energy sector will support the use 3.91 0.92 0.78
of energy-efficient equipment for home or business use

4.  Digitalization will facilitate the offering or transition to 455 0.80 0.76
a flexible consumer pricing model

5. Digitalization will greatly expand the offering of
services directly to consumers (e.g., home energy 4.09 0.87 0.76
installations such as solar panels)

6.  Digitalization will make it possible to expand service 450 0.74 0.75
offerings and better meet customer needs

Support for environmental protection (SupEnv)

(CA =0.93)

1.  Digitalization will contribute to reducing emissions or 3.41 1.10 0.95
waste in the energy sector

2. Digitalization will facilitate the shift away from certain 3.36 1.18 0.84
environmentally harmful energy sources

3. Digitalization will facilitate switching of energy 3.86 0.94 0.81
sources and contribute to environmental protection

4.  Digitalization will ensure the integration of new 4.00 0.82 0.72
energy sources

5. Digitalization will increase the stability of the 3.50 0.96 0.72
energy system

Energy sector performance (SecPerf) (CA = 0.92)

1.  Digitalization will primarily contribute to increased 4.09 1.02 0.81
operational efficiency

2. Digitalization will allow a noticeable increase 4.23 1.02 0.71
in revenues

3. Digitalization will enable significant cost reductions in 3.95 0.95 0.70
the sector

Implementing new technologies (NewTech) (CA = 0.83)

1.  Cloud Computing 3.77 0.92 0.84

2. Machine learning 3.36 0.73 0.82

3. Blockchain 3.05 0.72 0.74

4.  Robotic Process Automation (RPA) 3.05 0.95 0.64
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Table 3. Cont.
Construct and Scale Items Mean S.D. Loading

External barriers to digitalization (ExtBar) (CA = 0.93)

1. Other government priorities (energy policy) 3.00 119 0.94

2. Blurry institutional framework hampering sector’s 2.73 0.93 0.93
strategic transformation

3. Lack of mental readiness for such implementations 3.14 0.94 0.84
from suppliers or consumers

4. Resistance of social groups employed or connected 3.18 1.14 0.84
with coal mines

Management barriers to digitalization (Mngt Bar)

(CA =0.89)

1. Lack of appropriate competences or insufficient 341 0.91 0.91
training of employees

2. Outdated infrastructure not compatible with 3.59 1.10 0.87
new technologies

3. Lack of leadership or vision 3.09 0.92 0.79
Lack of money for digital investment 345 Lol 0.74

5. Lack of agreement or cooperation between actors in 3.09 0.97 0.71
the network

Effects of digitalization (EfectDig) (CA = 0.93)

1.  Digitalization will contribute most to energy security 3.05 1.046 0.92

(including system stability).
2. Digitalization will contribute to the greatest extent to
increased sustainability (including, e.g., 3.05 1.214 0.86
decarbonization, increased share of renewable energy
sources and optimization of energy consumption).

3.  Digitalization will make the greatest contribution to
achieving or maintaining competitiveness in the
energy sector.

Source: own elaboration.

3.86 1.167 0.74

3.3. Calibration

In fsQCA, we can use continuous or interval scale variables, which must first be
calibrated to be transformed into fuzzy categories or variables. First, all variables are
transformed into sets that reflect the degree to which a variable belongs to a particular
category. The sets can take any value between 0 and 1 [81]. All calibrated values show
the degree of membership of the set, where 0 indicates complete lack of membership and
1 indicates full membership. The variables in the set are calibrated with fuzzy values (the
variables take different degrees of membership ranging from 0 to 1). Fuzzy set analysis
most commonly uses three calibration limits: 0.05 as the threshold for non-membership,
0.50 as the breakpoint for maximum ambiguity, and 0.95 as the threshold for full set
membership [84,85]. FS/QCA 3.0 software [86] was used to conduct the analysis in this
study. For five-point Likert scales, previous studies suggest that values of 4, 3, and 2 can
be used as thresholds [87] for fuzzy sets. This approach was used in the calibration of the
variables in this research.

4. Results
4.1. Truth Table

The fsQSA involves several steps [85]. The first one regards constructing a truth table
containing all possible configurations with 2X rows, where k is the number of conditions
(outcome predictors). In this case, the number of configurations is 64. A value of 1 indicates
a fuzzy set membership score of 0.5 or higher, and 0 a score below 0.5. The “number”
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column shows the number of cases that exhibit the listed configuration. A frequency
of zero means that none of the cases in the sample adopt the given configuration of
causal conditions. In this study, due to the relatively small sample size, the frequency
threshold was set to 2. After removing combinations with zero and 1 frequency (so-called
logical remainders), the truth table was sorted according to raw consistency where the
minimum recommended threshold value is 0.75 [88]. The FsQCA software also calculates
PRI (Proportional Reduction in Inconsistency) consistency relevant only for fuzzy sets. It is
used to avoid simultaneous relations of subsets of configurations for both the outcomes of
result and no result. PRI consistency scores should be high and close to raw consistency
scores. Configurations with PRI scores below 0.5 indicate significant inconsistency [87]. In
the analysis conducted, this condition was met by taking a raw consistency threshold of
0.831. Configurations with raw consistency values below 0.831 and PRI consistency below
0.5 were assigned a value of zero (see Table 4).

Table 4. fsQCA results: truth table.

SupProCo SupEnv  SecPerf NewTech  ExtBar MngtBar Number  EfectDig Conl:ias‘:ancy Colﬁe I:;nce Conss,\i{sl:/:ncy

1 0 1 0 1 0 2 1 0.977 0.954 0.954
1 0 1 1 0 0 2 1 0.964 0.923 0.960
1 1 1 1 0 0 8 1 0.891 0.857 0.857
1 1 1 0 1 1 8 1 0.885 0.695 0.872
1 1 1 1 0 1 4 1 0.842 0.743 0.743
1 1 1 1 1 1 6 1 0.831 0.728 0.728
1 0 1 1 0 1 4 0 0.683 0.308 0.308
1 1 0 1 1 1 2 0 0.438 0.020 0.020
0 0 0 0 1 1 2 0 0.369 0 0

Source: own research.

4.2. Analysis of Necessary Conditions

The necessary conditions analysis determines whether some of the conditions are
indispensable for the outcome, i.e., the expected effects of digitalization of the energy sector.
A condition is necessary if all cases that exhibit the condition also exhibit the outcome and
there are no cases that exhibit the outcome and do not exhibit the condition. A condition
is considered necessary if its consistency is greater than 0.9 [89] (p. 143). Consistency
measures how well the empirical evidence supports the existence of a relationship between
configuration and outcome [90]. Table 5 presents an analysis of the necessary conditions
both with and without the presence of a condition.

Table 5. Analysis of necessary conditions.

Outcome Variable: EfectDigc Consistency Coverage

SupProCo 0.960 0.661
~SupProCo 0.075 0.550
SupEnv 0.839 0.746
~SupEnv 0.297 0.639
SecPerf 0.982 0.720
~SupProCo 0.075 0.550
NewTech 0.714 0.720
~NewTech 0.431 0.722
ExtBar 0.512 0.630
~ExtBar 0.621 0.800
MngtBar 0.596 0.579
~MngtBar 0.503 0.899

Source: own research.

In this case, two conditions: prosumer/consumer support (SupProCo, consistency
= 0.96) and sector performance (SecPerf, consistency = 0.98) are necessary, which means
that in all configurations leading to an outcome these two conditions are present. The
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analysis of the necessary conditions shows at the same time the results for the five formu-
lated propositions. The analysis suggests that propositions 2 and 3 are supported, while
propositions 1, 4, and 5 are not. Rapid deployment of new technologies and support for
environmental protection are not necessary conditions for the expected effects of digitaliza-
tion of the energy sector. Similarly, the absence of external and managerial barriers are also
not necessary conditions for the effects of digitalization in the energy sector.

4.3. Analysis of Sufficient Conditions

The fsQCA methodology also provides an analysis of sufficient conditions. According
to Schneider and Wagemann [89], a condition is sufficient for an outcome if all cases
exhibiting the condition also exhibit the outcome, but there are also cases that exhibit
the outcome but do not exhibit the condition. The model used in this analysis contains
six conditions:

EfectDig = f(SupProCo, SupEnv, SecPerf, NewTech, ExtBar, MngtBar)

The fsQCA method allows for the analysis of combinations, or configurations of
conditions that lead to an outcome; in the case of this research, the expected effects of the
digitalization of the energy sector.

The next step uses an algorithm based on Boolean algebra to simplify the truth table.
The resulting intermediate solution consists of three combinations that are sufficient to
achieve expected effects of digitalization in energy sector. The complex and parsimonious
solutions can be considered as the two ends of the complexity—parsimony continuum. The
intermediate solutions use only a subset of the simplifying assumptions that are used in
the most parsimonious solution (Table 6).

Table 6. fsQCA results: intermediate solution leading to effects of digitalization.

. . Raw Unique .
Configurations Coverage Coverage Consistency
SupProCo*SupEnv*SecPerf 0.812 0.435 0.791
SupProCo*SecPerf*~ ExtBar*~MngtBar 0.384 0.056 0.897
SupProCo*SecPerf*~NewTech*~MngtBar 0.264 0.034 0.874

Coverage for the entire solution: 0.902
Consistency for the total solution: 0.804

Notes: *, logical AND; ~, logical negation. Source: own research.

The results presented in Table 6 suggest three effective combinations for high expected
effects of digitalization in energy sector. In detail, the combination of high support for
prosumers/consumers with high support for environmental protection, together with high
energy sector performance, leads to high expected effects of digitalization in energy sector
regardless of rapid implementation of new technologies in the sector (solution 1). High
effects of digitalization are also expected without support for environmental protection in
the combination of high support for prosumer/consumer activity with high sectoral perfor-
mance with the absence of external and managerial barriers (solution 2). This combination
also ignores the need for rapid deployment of new technologies to energy companies. The
last combination (solution 3) is the most surprising, as it includes the absence of rapid
deployment of new technologies in addition to high support for prosumers/consumers,
together with high sector performance and the absence of management barriers. As can be
observed, the previously identified necessary conditions, i.e., prosumer/consumer support
and high sector performance, are present in all solutions leading to the outcome.

The relevance of the indicated combinations of causal conditions depends on the
extent to which they explain the outcome and the extent to which they characterize most
of the analyzed cases. In the first case, the consistency indicator is relevant, while in the
second case, the coverage parameter is important [85]. In the presented analysis, both
consistency and coverage are satisfactory at 0.80 and 0.90, respectively. This means that the
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three configurations indicated above are sufficient to achieve high digitalization effects in
80% of cases and coverage 90% of cases.

The results of the fsQCA can also be presented as a combination of both parsimonious
and intermediate solutions [84]. The parsimony set of solutions represents the most im-
portant conditions that cannot be omitted from any solution. As prime conditions [91],
they are automatically detected by fsQCA. The parsimony solution in this study indicated
the following core conditions: ~MngtBar + SupEnv*SecPerf (see Table 7). This means
that the absence of managerial barriers or high environmental protection and high sector
performance are key sufficient conditions. This indicates the particular causal importance of
these factors for the occurrence of the outcome, i.e., the expected effects of the digitalization
of the energy sector.

Table 7. fsQCA results: parsimonious solution leading to effects of digitalization.

. . Raw Unique .
Configurations Coverage Coverage Consistency
~MngtBar 0.503 0.105 0.899
SupEnv*SecPerf 0.837 0.440 0.796

Coverage for the entire solution: 0.942969
Consistency for the total solution: 0.807742

Notes: *, logical AND; ~, logical negation. Source: own research.

Combinations of parsimonious and an intermediate solution are presented in Table 8.
These are referred to as the “core conditions”. In contrast, conditions that are eliminated in
the parsimony solution and only appear in the intermediate solution are called “peripheral
conditions” [91]. Full circles in the table (o) indicate the presence of a given condition,
while empty circles (o) indicate its absence. Furthermore, core and peripheral conditions
are distinguished by the size of the symbols used. Larger circles indicate core conditions
that are part of both the parsimonious and intermediate solution. Smaller circles symbolize
complementary conditions that are only present in the intermediate solution.

Table 8. fsQCA results: key and peripheral conditions for achieving effects of digitalization.

Solutions
Configurations
1 2 3
SupProCo ] L [ ]
SupEnv o
SecPerf o [ o
NewTech o)
ExtBar o
MngtBar O O
Consistency 0.791 0.897 0.874
Raw Coverage 0.812 0.812 0.812
Owerall solution consistency: 0.804
Owerall solution coverage: 0.902

Note: Black circles (o) indicate the presence of a condition, empty circles (o) indicate its absence. Larger cir-
cles are key conditions; smaller circles are peripheral conditions; empty line—"“don’t care” condition. Source:
own research.

5. Discussion

According to the opinions of managers representing the energy sector, the core con-
ditions sufficient for achieving the effects of digitalization of the energy sector (including
sustainability, stability, and competitiveness) are a combination of environmental pro-
tection efforts together with high performance in the sector. This combination, i.e., the
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simultaneous pursuit of environmental protection and the pursuit of improved sector per-
formance, should guarantee the achievement of high sector digitalization effects. Another
core option is the absence of managerial barriers to digitization, covering aspects such as
lack of leadership and vision, inadequate staff competencies, outdated infrastructure, lack
of money for digitization or, finally, reluctance to network and collaborate in the sector.
Management barriers were found to be more important for managers than external ones
(such as inconsistent government policies or regulations, social resistance from coal mining
communities, or other mentality issues in society).

It seems, therefore, that the sector faces a major challenge related not so much to
overcoming external barriers, but to implementing better management focused on the
development of digital competencies and extensive cooperation with various network
participants.

One of the surprising findings is the lack of high importance of rapid implementation
of new technologies into the sector, such as cloud computing, machine learning, blockchain,
or robotic process automation (RPA). Even though implementing digital technologies is
a primary determinant of digitalization, it turns out that, in the opinion of managers,
the implementation of this technology alone does not guarantee the achievement of the
expected effects. Moreover, in one of the paths leading to digitalization effects, there is
an absence of rapid implementation of new technologies. An explanation for this may be
managers’ concerns about the industry’s adaptation problems with new technologies and
their mixed or negative attitudes toward technological change. Technophobia (rejection
and/or avoidance of technology), or technophilia (excessive preoccupation with technol-
ogy) are described as extreme attitudes towards digital technologies [92,93]. In the case
of the prevalence of negative emotions towards the implementation of new technologies,
technological anxiety seems to be the appropriate term [94]. Another explanation could be
the priority placed on the purpose of digitalization rather than the technologies themselves.
This, however, may be influenced by insufficient managerial awareness of technology or
poor digitization competencies [21] to adequately see the opportunities in terms of improv-
ing sector performance, increasing sustainability or ensuring energy stability and security.
Ultimately, it is clear that without the implementation of new technologies to digitize the
sector, the broader effects of digitalization cannot be expected to emerge.

The results of the analysis also identified the necessary conditions for the effects of the
digitalization of the energy sector. These are the support of prosumers and consumers of
the energy sector and the pursuit of high performance in the sector. Both conditions were
present in the three solutions identified in the intermediate solution, which is the main
result of the analysis. This fact should be interpreted as follows: in each case, the expected
effects of digitalization of the energy sector are accompanied by support for prosumers
and consumers and high sector performance. On the other hand, it does not mean that
these conditions are sufficient, i.e., they guarantee the appearance of the expected effects.
This interpretation is closely related to the logic of set-theoretic relations. As Schneider and
Wagemann [89] (p. 8) point out: “Set-theoretic methods operate on membership scores of elements
in sets; causal relations are modeled as subset or superset relations; necessity and sufficiency (...)
conditions are at the center of attention. The use of set theory focuses attention on unraveling
causally complex patterns in terms of equifinality, conjunctural causation, and asymmetry.”

Table 9 summarizes the results for testing the adopted propositions. As indicated
above, out of the five proposals, two were adopted concerning the necessary conditions
for the expected effects of digitalization of the energy sector to appear. They concern
support for prosumers and consumers and high performance of the sector. Sufficient
conditions for digitalization are support for environmental protection together with high
sector performance and, alternatively, the absence of management barriers.
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Table 9. Research propositions and their confirmation status.

Propositions

Results

P1. Supporting environmental protection is a
necessary condition for achieving the expected
effects of digitalization in the energy industry.

P2. Technological support of prosumers and
consumers is a necessary condition for achieving the
expected effects of digitalization in the energy sector.
P3. Higher performance in the energy sector is a
necessary condition for achieving the expected
effects of digitalization in the energy sector in
Poland: country considered as catching up economy
P4. Rapid deployment of new technologies is a
necessary condition for achieving the expected
effects of digitalization in the energy sector.

P5. The absence of management and external
barriers is a necessary condition for the effects of

Not supported. However, supporting
environmental protection with higher
performance in the energy sector turned out to
be a core sufficient condition (shown in the
parsimonious solution). This implies a strong
contribution of this condition to the occurrence
of digitalization effects in the energy sector.
Supported

Supported

Not supported. The findings did not confirm
the prioritization of rapid technology
deployment as a necessary or sufficient
condition for the digitalization effects to occur
in the energy sector.

Not supported. However, absence of
managerial barriers turned out to be a core

digitalization of the energy sector. condition shown in the parsimonious solution.
Similar to the combined impact of support for
environmental protection and sector
performance, this condition has a considerable
impact on the occurrence of digitalization

effects in the energy sector.

Source: own research.

6. Conclusions

In this article we explore drivers for the digitalization of the energy sector in Poland, an
EU member and catching up economy. Poland, bound by European Union ambitious plans
to create an environmentally neutral energy system, in order to meet these objectives, faces
a number of socialist legacy shortcomings. These include an outdated energy infrastructure
based on traditional fossil sources, a large area with uneven coverage in the mining and
transmission network and political favoritism of social groups from the traditional mining
sector over the decades.

The paper examines views of the so-called insiders: people who are supposed to
simultaneously implement EU energy policy goals (which clearly emphasizes environmen-
tal objectives as paramount in the transformation of the sector) on par with the national
energy transformation plan, which points to priorities of system stability and efficiency.
In both policies, the use of digital technologies as those supporting the achievement of
transformational goals is indisputable. In the case of both the Polish and the EU plan,
digital transformation is necessary and highlighted as crucial to achieve any and all goals.
However, it appears that, in the case of Poland, in the opinion of energy sector managers,
it is not the environment but the efficiency of the sector that comes to the fore. Meeting
environmental requirements is important, but not a priority, and sets the necessary top-
down conditions for transformation. Moreover, while digitalization of the sector is seen
as a necessary condition for achieving better system efficiency, rapid implementation of
the most relevant digital technologies (identified by managers, such as cloud computing,
machine learning, blockchain, robotic process automation) is neither urgent nor necessary
to ensure the achievement of the set transformation goals. Managers, despite demon-
strating the necessity and benefits associated with the digitalization boosting companies’
efficiency and improving cooperation with prosumers and consumers, do not consider
the implementation of new digital technologies a priority. Such results make one wonder
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about the following issues. Firstly, digitalization of the energy sector appears as more of
a buzzword than an urgent necessity for Polish managers taking part in the survey. Our
research suggests that this may stem from either the digital technologies” knowledge and
competence gap or techno-anxiety in terms of their possible application and potential bene-
fits. These results may also explain lack of determination to introduce digital technologies
in the near future, which puts into question the possibility of achieving the goals set out in
both Polish and EU plans for the transformation of the energy sector.

As with any study, this one also suffers from a number of limitations. The first one
considers the type of data, which are managers opinions about priorities, challenges, and
digitalization outcomes. Even though the e-questionnaire was directed to professionals
from the energy sector we still have to take into account the data subjectivity.

However, it seems that the concern about subjectivity or random answers in case
of this survey is limited. Firstly, both reliability coefficients and unidimensionality of all
aggregated variables are more than satisfactory, which implies that managers were quite
unanimous in their responses. Secondly, as our findings do suggest gaps in digital tech-
nologies knowledge, competences, or indicate techno anxiety among managers, they also
indicate that the answers were given quite frankly, and that the extent of these competence
shortcomings in reality can only be greater.

Another limitation stems from the number of responses (44) and the method employed
to analyze them. Despite the undoubted advantages of fsQCA and its suitability for small
sample analysis, this method is not free from some weaknesses, such as lack of ability
to create predictive models and quantify factor effects, or its unidirectionality. Therefore,
all findings obtained and conclusions expressed should be treated with due caution, and
as a stimulus for further in-depth research on larger samples focused on the following
issues: (i) causes, manifestations and consequences of the diagnosed managerial barriers
impeding the digitalization of the energy sector in Visegrad countries, (ii) opportunities,
benefits and risks of introducing particular digital technologies in the energy production
and distribution stages, (iii) the scope, nature of digital (in)competency and anxiety among
employees and managers in the energetic sector together with ways of levelling them.

The research presented here demonstrates a managerial perspective on the transfor-
mation of the energy sector and the role of digital technologies in achieving it. In this paper,
demonstrating the view of ‘insiders’, we show how the priorities described in international
and national plans are perceived by those tasked with implementing them. It turns out
that the perspective of the implementers of top-down plans is different from that of the
creators and focuses on ensuring maximum efficiency, regardless of political declarations or
catchphrases. The research also contributes to revealing the potential risks associated with
the energy transition. The most significant problem appears in the lack of priority given
to the rapid introduction of digital technologies despite the managers” emphasis on their
overall importance and range of benefits. Such a reserved attitude, suggesting managers’
knowledge deficits in this field and some kind of fear related to the implementation of such
technologies, may have a broader, not only Polish, scope. This problem may be also visible
in other catching up economies. The findings also allow to draw some recommendations at
managerial and national level. Comprehensive training programs directed to the broad
spectrum of the energy sector employees and aimed at “disenchanting” digital technologies
should be urgently introduced. The programs should focus on explaining types, use of
digital technologies and applications, showing their comprehensive usefulness while often
being user-friendly. Energy companies and their staff face great challenge of transforming
the entire sector towards an environmentally sustainable, stable, efficient system. Meeting
these objectives requires substantial and direct help from national authorities and organiza-
tions. The priority of sustainable goals should be constantly emphasized, and the processes
of digital transformation should be closely monitored and empowered, as this factor seems
crucial for the whole transformation of the energy sector.
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Appendix A

Table Al. Terminology abbreviations used in the paper.

Abbreviation Term
3 DS’ decarbonization, digitalization and decentralization
Al Artificial Intelligence
ANN Artificial Neural Networks
DER Distributed Energy Resources
DER Distributed Energy Resources
EFECTDIG Effects of digitalization
EUROHPC JU The European High Performance Computing Joint Undertaking
EXTBAR External barriers to digitalization
FSQCA Fuzzy set Qualitative Comparative Analysis
ICT Internet Computer Technology
ICT INDICATOR digital level for environmental sustainability
IEA International Energy Agency
10T Internet of Things
IT Internet Technology
MNGT BAR Management barriers to digitalization
NEWTECH Implementing new technologies
PEP2040 Poland’s Energy Policy plan until 2040
PRACE Partnership for Advanced Computing in Europe
PRI Proportional Reduction in Inconsistency
RES Renewable Energetic Sources
RPA Robotic Process Automation
SECPERF Energy sector performance
SUPENV Support for environmental protection
SUPPROCO Technological support for prosumers and consumers

Source: own elaboration.
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