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Abstract

:

Companies that belong to the energy sector can use Sustainable Development Goals (SDGs) for their strategies and diversify electrical energy production with reverence to the natural environment. This article aims to analyze sustainability strategy types among the Visegrád Group (V4) countries’ energy producers, who decided to generate electrical energy from the renewable resources. This research uses an inductive inference approach supported by a literature study and deductive reasoning supported by a statistical reference method. The main finding is that the energy producers from the V4 group have a common direction of evolution in their strategies. This change is based on a growing share of renewable energy sources to achieve environmental excellence strategies. The lack of renewable energy sector organizations’ strategies translates into disappointment with the goals pursued by these organizations. The significance of this study lies in an explanation of how sustainability strategies compare at a firm and country-level in a proposed classification. The analysis can open future research areas to examine development of strategies in the renewable energy sector.
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1. Introduction


The energy sector worldwide is crucial for the economic development. Electrical energy producers are involved in the economy because energy sources impact prices of energy goods and services [1]. Future development strategies apply to all organizations, especially those that counteract environmental pollution and climate change [2]. There are organizations that implement sustainable strategies [3] towards sustainable development (SD) despite their main activities [4]. Therefore, increasing investment in Renewable Energy Sources (RES) as a part of strategy can contribute to achieving chosen Sustainable Development Goals (SDGs) among electrical energy producers [5] in different countries [6]. SDGs can also set the course for sustainable strategies in electrical energy sector companies [7]. However, electrical energy production is the main cause of climate change [8] and accounts for the majority of global greenhouse emissions [9]. Any future effort to achieve the SDGs will thus generate demand for more energy [10,11]. The Renewable Energy (RE) sector is the basis for green technology investments [12] and together with the nonrenewable energy sector, it creates the backbone for domestic economy development [13]. There are multiple examples of technology innovations in biomass, wind, solar and hydro power generation worldwide [14]. Achieving SD through the use of RES to mitigate the unfavorable effects of climate change can generate direct and indirect economic benefits [15]. Therefore, some energy producers have decided to generate electrical energy from RES [16]. The importance of energy sector companies is indisputable, and their efforts towards achieving SDGs serve as a model for other organizations in other sectors of the economy [17,18]. Successful implementation of the chosen sustainability strategy level among renewable electrical energy suppliers can influence the domestic economy. On the other hand, if there is a lack of strategy it translates into disappointment with the SDGs pursued by these organizations.



The aim of the paper is to analyze types of sustainability strategies formulated among the Visegrád Group (V4) energy producers who decided to produce electrical energy from RES [19,20,21,22]. Inspiration were strategies derived from the RE sector [5] and discussions related to consistency of management style [23]. In this paper, we consider nuclear energy as clean energy but not renewable. The Visegrád Group is a political group formed by four central European countries Czechia (CZ), Poland (PL), Slovakia (SK) and Hungary (HU), which all belong to the European Union (EU) [24]. An important common feature of the V4 countries is the fact that energy transformation in these countries began later than in other EU member states [25].



With this purpose, our work is structured as follows. In the first place, the paper develops a theoretical framework within a literature review that covers the main subjects: sustainable development, sustainability strategies and related terms. Then, a brief description of the electrical energy production sector together with RE sector development conditions in the V4 is discussed. In this part, a SWOT analysis (Strengths, Weaknesses, Opportunities, and Threats) of the Visegrád Group countries RE sector is presented. In the third part of this paper, the materials and methods are described along with the results and discussion. In the conclusions, comprehension of strategies and evolution-based classifications are discussed. This classification constitutes the authors’ theoretical and practical contribution to the science. The presented work develops a quantitative empirical study comprising four different countries’ perspectives for the strategies in the RE sector among their main energy producers. The study is based on business data and opens a new level of cross-border comparisons among energy producers. The paper ends with conclusions and possible future study proposals, along with listed limitations and practical business, environmental and social implications.




2. Literature Review


In this paper, the authors focus mostly on the RE sector and its development conditions in the Visegrád Group without describing the whole energy production sector in detail in relation to other energy sources and technologies. The scope of the literature review is renewable electrical energy generation development conditions and sustainability strategies.



2.1. Sustainable Development and Related Terms


SD is an approach to build a common future through such human activity which meets the “needs of the present and future generations” [26,27]. SD is also a concept of quality of life with an unlimited time horizon because its assumptions are based on natural laws, are timeless and universal [17,18,28,29]. The concept of SD is a counterbalance to the “brown economy”, which is based on fossil fuels and has resulted in environmental degradation [28]. The “brown economy” is known for its negative environmental impact due to the inability to overcome the current ecological crisis. The energy demand is growing, associated with the growing demand for natural resources and resulting in an increasing amount of harmful waste. The search for solutions to reconcile growing energy needs with environmental resources and protection is still ongoing [29].



SD approaches differ between countries, regions and organizations, but for all of them achieving a balance between output and input within the natural environment is a priority. Thus, SD is based on the ability to use renewable resources, reduce pollution and avoid reduction of nonrenewable assets [12]. For many years, natural resources have been exploited and, as a result, environmental problems have become common global issues. Modern economic growth is driven mainly by the exploitation of natural resources that results in environmental degradation. The energy sector and related industries struggle to achieve SDGs and, paradoxically, their activities are in opposition to the SD assumptions.



The world community has adopted SD as a concept based on the three defined pillars of sustainability: environment, economy and society [30]. These three aspects are essential and have been developed to be more applicable to business policy and strategy. However, elements of the SD idea [31] are related to business development issues within the focus of Sustainable Strategic Management (SSM). Therefore, the idea of Environmental Sustainability (ES) emerged from the consolidation of environment and business sustainability [32]. ES assumes maintaining the business integrity and ecological balance of the natural environment system [33]. Such a balance is possible, assuming that people consume natural resources at a rate and with amounts that complement each other [12]. ES depends on the maintenance of natural capital to meet people’s current needs, while protecting raw materials for future generations [34]. On the other hand, ES assumes that waste can be stored as a future resource and be used when the proper technology is developed [35]. Therefore, the cleaning and removal processes for environmental services must be maintained and improved in the future [12,34]. There are other dimensions of SD, including economic and social systems. Economic Sustainability is the capacity to operate at a defined economic level [36,37], while Social Sustainability (SS) is the ability of a society [38] to perform at a higher level of wellbeing [13,39]. The evolution of strategic management for sustainable development incorporates strategic perspectives of corporate sustainability management and introduces [40] sustainable strategic management (SSM). SSM connects all possible approaches to SD, defined or indicated by the three SD pillars [4].



The need to achieve SDGs, build a balance with the environment and strengthen the organization’s competitiveness led to the synergy of sustainable development and SSM strategy [27]. The concept was derived from ecological trends such as the influence of business on the natural environment, protection of natural resources, social trends and business management and strategy [41]. SSM assumes strategically importance processes for the organization that meet social responsibility criteria, harmony with the cycles of nature and economic competitiveness [42]. Combination of the economic and environmental goals included in SSM leads organizations towards sustainable competitive advantage [43].




2.2. Sustainability Strategies


Lack of SD achievement can be induced by nonstrategic approach in organizations. Therefore, the main problem is to transfer SDG ideas and assumptions into SSM and business practice [44]. Additionally, many sustainability strategies (in scientific publications also known as ‘sustainable strategies’) have been developed and described to solve environmental problems, but many have not been implemented [5]. The problem with SSM is implementation of strategies consistent with the type industry and natural environment conditions [23]. Although the idea of SD is popular with politicians, business leaders, entrepreneurs and societies, its implementation causes many problems in business practice [45]. Therefore, there is the tendency to use the same strategic approaches in many different economic sectors. The implementation of SSM faces various barriers, but the most critical problem is related to the process of changing the organization’s management [27] and management style, and is associated with consistency of strategy type [44,46]. According to this article, strategy-type consistency means internal and external consistency between an organization’s activities, management style, decision making, culture, the values of the organization and the implemented strategy. Difficulties in maintaining consistency result from management in a changing environment, where management is constantly transformed under the influence of a large number of different factors important to competitive advantage [47]. It can be assumed that strategy type consistency is the capability to balance economic, social and environmental dimensions combined with industry type. This balance should facilitate the strategy’s implementation by ensuring management’s harmonization with the strategy [48]. The evolution of the SSM approach has led to the recognition that environmental and social performance [42,49] is as important as an organization’s economic performance [50].



A sustainability strategy is not limited to the planning of future activities [51]. Furthermore, strategic initiatives in organizations should be broader in many areas [52]. “Sustainable organizations demonstrate successful long-term performance aimed the restrictions imposed by economic, social, and environmental systems by developing a strategy that sustainably generates and captures value into the future” [53]. Sustainability strategy increases the company’s value and shapes the organization’s success in the long term [54]. There is a need to indicate that for many production organizations reduction of pollution is a major problem because it is associated with the limitation of anthropopressure and is associated with production cycles. Reduction of pollutions emission is not enough to achieve a sustainable competitive advantage over the longer term [55].



There are different sustainability strategy levels among organizations and administrative units [27]. These sustainability [27,50] or sustainable [56] strategies are focused on the internal conditions of processes and compliance with external conditions (frame) formulated by government environmental management and SDGs implementation. Various types of sustainability strategies can be implemented within SSM (Figure 1). Sustainability strategies represent the different levels of the implementation of SDGs [57]. The levels range from basic environmental strategy, pro-ecological strategy, and finally the full engagement and consistency of management with SDG,s which is the green strategy [7]. Therefore, there are three types of sustainability strategies differentiated on coherence degree in SDG implementation concerning natural environment protection [58,59]. Based on this division, there are also fewer and more engaged organizations in the SDGs, which reflect their involvement in natural environment protection (represented by an arrow in Figure 1).



Environmental strategy is implemented by organizations that adapt to the environmental requirements legislated, and environment management formulated, by government [57]. It can be considered as a basic and minimum version of environmental measures that must be executed and met by organizations to avoid legal and financial consequences [60]. This type of strategy has obligatory implications and must be adopted by all organizations. The environmental strategy defines the organization’s processes that impact the environment and points to environmentally-friendly practices [23]. In this strategy, organizations specify how they shape relations with the natural environment, and they adopt strategic attitudes [61]. The environmental strategy should be adapted to the circumstances of the organization’s internal and external business environment conditions [23]. The environmental strategy can be used at a country level as well at the organization level, and it can be developed towards the next levels of sustainable strategies.



Proecological strategy concerns involvement in activities that go beyond the norms established by law and assumes the realization of chosen SDGs and treats them as sustainable strategic measures. Besides the obligatory law regulations, there are formal internal and external certificates, or industry standards, developed in this strategy level, which are not obligatory but voluntary [31]. Proecological strategy has a tactical nature and creates a connection between operational (environmental strategy) and strategic level (green strategy). Its purposes in organizations or in country-based strategies [42] are to enhance improvement of the natural environmental conditions or reduce anthropopressure (the negative impact of all human activity). On the other hand, if measurement of pro-ecological strategy implementation processes is not possible, there is no sustainable strategic management at this level [17,49]. However, if the development of a single government or organization’s proecological strategy does not bring results, then action is required towards the next level of sustainability strategy [62].



The green strategy is most developed (Figure 1), which enhances quality of life by using new technological and organizational solutions and supporting green industry development. This type of strategy involves the almost maximum possible number of SDGs in the organization’s activities. The practice of green strategy requires the involvement of top management and focusing their attention on the decision-making process related to the environment [43]. The choice of a green strategy is mainly due to internal factors, shaped by the commitment of the organization’s management to consistency between management style and goals induced by the SD idea [23]. “A green strategy implies a proclivity to collaborate with stakeholders concerning environmental improvements, share information with competitors concerning environmental improvements, emphasize environmental improvements rather than short-term economic gains, and emphasize environmental improvements as a means of increasing earnings” [63].




2.3. Electrical Energy Production Sector—Selected Characteristics


Electrical energy has great importance for economic and social development and quality of life [64]. It is also assumed that energy demand will grow on a global scale in the near future [65]. Nowadays, for the majority of countries, energy production is based on coal combustion diversified by nuclear energy (recognized as clean energy) and some portion of RES [66]. The dominance of coal as a fuel has strategic political and socio-economic importance [61,67]. The electric power industry burns coal, emits pollutants and produces solid wastes that damage the environment and cause large-scale changes to the landscape. Despite modification of the technology of generating electrical energy from coal, and improvement in processes related to reclaiming exhaust gases, coal combustion still harms the environment [68]. The majority of electricity producers are state-owned enterprises. These companies not only produce energy in their facilities but also distribute it because they possess the required infrastructure. Therefore, this economic sector harms the environment mainly due to electrical energy production processes and related direct hazards. This industry also shapes and changes the landscape during energy generation (renewable installations), transfer, distribution and retail of electricity. The transmission of electrical energy is managed by each country’s transmission system operator [69]. Each operator within to the Visegrád Group belongs automatically [70] to the Central Europe Energy Partners, and they also belong to the European Union organization Union for the Coordination of Production and Transmission of Electricity (UCPTE).



Despite numerous declarations by politicians and leaders of business organizations involved in the energy sector, Sachs [71] drew attention to the problems and failures in implementing the idea of SD, especially in electric energy production practice [15]. On the other hand, when analyzing the possibilities of organizations such as energy producers, one can indicate the chances of implementing strategies that consider the needs of the natural environment. A beneficial development alternative for organizations operating in the energy sector is implementing strategies to reduce the negative impact on the natural environment. In this approach to the strategy, the most critical problems to be solved are pollution and waste generated during the energy production process and increasing power generation efficiency. Enterprises implementing environmentally-friendly strategies have a wide range of possibilities ranging from activities with a low impact on environmental protection to comprehensive initiatives built with a long-term perspective and considering the organization’s ecological responsibility [72].



The implementation of different sustainable strategies (Figure 1) is related to technological progress, which has provided a new ecological solution [18]. This shift has also forced companies to slowly withdraw from the so-called ‘linear economy’ approach [5]. The first strategies were characterized and named as ‘end of pipe’ technology-based solutions. These early strategies were based on the dilution of wastes and pollutions to meet the basic legal requirements for environment management imposed by the government [5,30]. To implement environmental strategy, energy producers’ techniques dealt with emissions and were based on the limitation of pollution emission in uncomplicated processes.



Many companies invested significant amounts of money for environmental compliance [51]. The most important aspect for them was to increase process productivity [18]. Nowadays “it is considered that pollution and waste are a sign of low process efficiency” [5]. Therefore, electrical energy producers try to increase energy production effectiveness and implement clean production related to the proecological strategy.



Some companies from Standard and Poor’s group involved in energy production [51], obtained a costly competitive advantage in a short time by reducing the emission of pollution [51]. Technological or process changes requires greater financial expenses than organizational shifts [51,73]. However, from a financial perspective [74], initial decrease of pollution yields the greatest results [51]. When the degree of emission approaches zero pollution, capital expenditures grow in a significant way. This is associated with an ever-deeper change within the organization. It is also necessary that the result of the main business process (product of service) is environmentally friendly. Then, the organization has both clean processes and clean products [57]. This includes a progressive change from process greening towards SSM [75].



Complementing one of the chosen sustainability strategy types should be the attitude of the whole company with aims toward SD. It is possible to specify strategy types due to the method of achieving harmony between the natural environment and organization or business environment [26,58,63]. Electrical energy producers often implement renewable energy technologies to diversify their energy production process and try to deliver more green electricity [65]. Such a change in power production is a result of the adopted type of sustainability strategy.




2.4. Renewable Energy Sector in the V4


Energy production in Central Europe is traditionally based on nonrenewable energy sources [76]. The V4 energy sector is historically rooted in fossil fuels, which occur abundantly in these countries, and among them are some of the biggest coal producers (Poland possesses the ninth largest coal deposits in the world). In electrical energy production in Central Europe, two major fuels are significant: hard coal and nuclear energy [77]. Changes in electrical production are moving towards more renewable energy in electricity production [15,17,66]. Therefore, the electrical energy generation subsystems in the Visegrád Group of countries is mixed and encompasses power plants, industrial power plants and heating plants, hydroelectric power plants, wind power, biomass and biogas [78]. Access to electrical energy is a criterion of wealth, as it determines economic and social development. Surprisingly, in the EU, the lowest rate of energy used per capita is achieved by Hungary (approx. 100 GJ per year) and Poland (approx. 115 GJ per year) [79,80]. It can be assumed that limited access to electricity determines the low wealth of a society and undermines the development of economies [81]. In the Visegrád Group of countries, there are active foreign investors and conventional energy producers who decided to develop their portfolios in the renewable energy sector. These investors are Axzon (biogas plants), Dalkia (biomass combustion), EDF, EDP Renewables, E.ON, GDF Suez (wind farms) and RWE, that along with the domestic companies are also investing in renewables [82].



In Czechia, primary electrical energy production is based on the use of fossil fuels [83]. The Czech Republic uses coal and lignite for approximately 47% of its electricity production and is second in Europe after Poland (73.6%) [84]. Czechia was the fourth-biggest net electricity exporter in the EU in 2018, after France, Germany and Sweden [85]. However, the country’s energy security is based on coal and lignite as conventional energy sources. Apart from coal (53%), the country uses nuclear energy (35%) and renewable energy (12%) [86]. Czechia coal consumption records a decline in favor of biofuels, waste combustion and nuclear energy [87]. The largest electricity producer in Czechia is ČEZ (České Energetické Závody), and there are four much smaller producers: Severní Energetická, Sokolovská Uhelná, Elektrárny Opatovice and Teplárna Kladno. Electricity generation from renewables is driven by biogas, biomass, and solar (around 25% each), followed by water energy (around 18%). The remaining electricity production is covered by other RES, especially wind projects [87]. The fastest-growing renewable source of electricity in Czechia is photovoltaic power plants. The reason is the fall in the price of solar panels and the possibility of storing electricity. According to plans, by 2030 wind energy should cover one-third of electricity demand, whereas the development of biogas plants is subject to restrictions due to odors. Considering the various barriers that hinder the development of RES in Czechia, legislative restrictions are the most important [83].



In Hungary, the renewable energy sector has a small share in electricity generation and is dominated by biomass producers [80]. The energy sector in Hungary is mostly privatized, despite the largest company, MVM (Magyar Villamos Művek) group being owned by the state [88]. In Hungary, conventional electricity generation comes mostly from nuclear (49.3%) and coal (8.5%), with natural gas contributing to nearly a quarter of the total electricity generated in Hungary in 2018 [89]. In Hungary, around 10% of electricity production came from RES in 2018. Recognition that solar energy is particularly important for the development, means photovoltaic panels have been developed. The most important sources of renewable energy are solar energy and biomass, and wind energy has become much less important [90]. In Hungary, 4.5% of renewable energy is produced, and electricity from renewable sources is mainly supplied by hydro and geothermal power plants [80].



In Poland, investments in renewable energy sources are developing rapidly despite regulatory barriers. The largest companies in Poland operating in the energy sector are PGE (Polska Grupa Energetyczna), Tauron, Enea, Energa and ZE PAK (Zespół Elektrowni Pątnów Adamów Konin). Therefore, the biggest renewable energy sector is constituted of listed electrical energy suppliers with Polish branches. The four key players the renewable energy market are PGE, Tauron, Enea and Energa [58]. Some changes influence the renewable energy sector development in this country. The geographic conditions favor wind power plants, but the majority of renewable energy is generated by hydropower plants [91]. Hydropower development is expected to be mainly based on the use of existing damming structures to produce electricity [92]. Another opportunity is favorable changes in law (prosumers energetics) that make more organizations and households interested in photovoltaic panels. This creates a new strategy, considering a for the prosumer client in the electricity generation processes [15]. In Poland, various sources of renewable energy do not play an important role in energy production [82]. The use of wind energy has developed little, while the use of solar energy is growing faster [93].



In Slovakia, the electricity market is relatively small compared to other EU countries [94]. Almost 55% of energy production is supplied by nuclear power stations, 21% by conventional power stations, 14.4% by hydroelectric stations and 8.9% from other renewable sources [95]. Slovakia is considered one of the most energy-consuming economies in the EU countries [96]. In Slovakia, the major player in the electricity producer sector is Slovenské Elektrárne (SE). Slovakia is a relatively water-rich country, boasting many natural lakes, dams and rivers that support various water-intensive operations such as tourism, manufacturing and power generation [97]. Therefore, in Slovakia, hydropower is the most significant renewable energy source, accounting for around 40% of total energy production [95]. Geothermal waters and biomass plants are used to a small extent, while the possibilities of using solar energy, and thus solar panels and photovoltaic power plants, are growing [98].



A SWOT analysis (Figure 2) can be used in the RE sector to facilitate the selection and implementation of a sustainability strategy. Then, the results can be used to determine how strengths and development opportunities influence the process of achieving competitive advantage and reflect the sector’s situation [99]. The analysis indicates weaknesses and threats which V4 countries have to eliminate or mitigate to provide better conditions for renewable energy organizations’ development. Then, these organizations can project their strategy using strengths and opportunities, and avoid major problems [100]. Figure 2 presents the elements of the SWOT analysis for renewable energy sector industry development created by the electrical energy producers in V4 countries. The result of this analysis can be presented as similarities and differences.



Factors influencing the development of the RE sector and the directions of their impact on renewable energy producers were examined in the presented SWOT analysis. Similarities are identified among V4 countries, and each has developed some sustainability strategies [76]. What is more, among Visegrád Group countries, forecasting the future and planning in the long-term can improve the state of the environment in the next 10 or 20 years [6]. These have set their development goal to become carbon neutral by 2050. This eco-approach is promoted by the EU; therefore setting pro-eco policies may be motivated by the money offered by the EU for investments in the renewable energy sector [68]. All of the V4 countries are quickly improving their renewable energy industries, and their geographic locations and environmental conditions create good circumstances for increasing use of renewable energy [101]. The analysis presented in Figure 1 shows that there is a huge potential for the development of the renewable sector in the Visegrád Group. Development conditions for the V4 countries’ renewable energy sources are convoluted and mainly rely more on external environmental factors than internal conditions.



One of the most important connections between these countries is membership in European Union. The EU’s aims in terms of energy are clear. These objectives are reduction of CO2 emissions, development of renewable energy sources, an increase of efficiency and creation of a European energy market. Considering the EU’s goals with the priorities of various sectors of the energy market will be a major threat for each of the V4 countries, especially since the objectives of the EU mean moving away from coal. This raises the question of the role of the mining industry in the future. There is an attempt to protect the mining industry by combining it with the energy industry, so that extraction costs of mining are reduced.



There are differences among the Visegrád Group countries in the renewable energy sector. For example, in Hungary and Czechia, the ecological awareness of residents and the willingness to implement proecological investments are growing, but this trend is less visible in Slovakia and Poland despite huge campaigns and education spending [77]. In Czechia, the renewable energy sector is divided almost equally between biogas, biomass, solar power and other types of renewable energy generation [6]. Contrasts are visible in various technologies used to achieve set goals for the renewable energy sector [1], and differences between them may result from different stages of the country’s development or a different sustainability strategy implementation level [102]. The energy sector depends on the geographical location of the country, which results in differences between countries in adopting various energy generation technologies. For example, different climate conditions may either support or make renewable projects difficult or impossible to accomplish.





3. Materials and Methods


The subjects of the study were the main conventional energy produces in the Visegrád Group countries that decided to generate electrical energy from RES. This paper excludes nuclear energy as renewable energy; therefore, data related to this type of energy were not subject to analysis. Following the RE sector’s transformation, the six energy producers emerged in the countries studied (Table 1). In Poland there are four main energy producers: PGE (Polska Grupa Energetyczna), Tauron, Energa and Enea. These companies have different characteristics related to RE generation, CO2 emissions, and shares in the electricity market in Poland. Unlike Poland, in the other Visegrád Group countries, there is only one main energy producer in each state. In Czechia the main producer of the energy is ČEZ (České Energetické Závody). In Slovakia it is SE (Slovenské Elektrárne), and in Hungary the main energy producer is MVM (Magyar Villamos Művek). Besides these companies, there are foreign investors for both conventional and renewable energy producers, which market shares, but these are players in all V4 member states. All companies listed in Table 1 are the biggest energy producers and hold stakes in the Visegrád group’s RE market [103]. The dominance of single organizations in Hungary, Slovakia, and Czechia is due to the fact that in these countries a significant amount of the electric energy is generated in nuclear power plants. The aim of this research was to research energy producers’ sustainability strategies in the Visegrád Group countries. The common points of their sustainability strategies, based on the indicators for monitoring implementation, are listed in Table 1. The data were obtained from the companies’ integrated reports. A quantitative research statistical reference method (the Hellwig’s method) was implemented. The indicators presented in Table 1 were selected based on the Fitch Solutions reports [91].



The reference method involves the determination of a synthetic variable being a function of the normalized features of the data input set. The essence of this method lies in a procedure according to which, from the explanatory variables in the matrix, a combination of variables is selected. Moreover, this method allows measurement and comparison of variables of different sizes and dimensions because a data standardization procedure is used. The purpose of the method is to compare the level of sustainability strategies among companies of the Visegrád Group countries that decided to produce electrical energy from RES. Indicators were defined by Eurostat [104] because their compatibility with the SDGs was accepted in the companies’ reports. The variables used in calculations were assigned by the symbol x with the number noted as a lower index. As a result, total number of five variables was determined in this way [58].



Secondary data from the year 2019 collected by the companies’ integrated reports were used for the calculations, which ensured the comparability and reliability of the data. The reason for the choice of the reference method, especially the zero unitarization method [105], was the presentation of current sustainability strategies in the V4. Moreover, the application of the standard method allowed for the verification of the obtained results in the comparison with countries having similar development [30,106], as described in the literature [107]. Since the set of independent characteristics contains variables that cannot be aggregated directly using appropriate standardization, normalization formulas were applied. Among the formulas, the method of zero unitarization was selected to standardize the process based on the interval of a normalized variable. Variables that positively influence the described phenomenon are called stimulants (x1–x4). The only variable with the symbol x5 is a destimulant. Indicators were selected for the standardization process based on the following formulas:


  for   stimulants :      z  i j   =    x  i j   − min      x  i j      i    max      x  i j      i  − min      x  i j      i       



(1)






  for   de - stimulant :    z  i j   =   max      x  i j      i  −  x  i j     max      x  i j      i  − min      x  i j      i       



(2)




where:




	
   z  i j       is the normalized value of the j-th variable in the i-th country;



	
     x  i j       is the initial value of the j-th variable in the i-th country.








Diagnostic features normalized in this way take the value from the interval (0;1). The closer the value to unity, the better the situation in terms of the investigated feature; the closer the value to zero, the worse the situation.



In the next step, the normalized values of variables formed the basis for calculating the median and standard deviation for each of the countries studied. Median values were determined using the formulas:


  for   even   numbers   of   observations :   M  e i  =   Z        m 2     i  + Z        m 2  + 1    i   2   



(3)






  for   odd   numbers   of   observations :   M  e i  = Z      m 2  + 1    i   



(4)




where:    z  i    j        is the j-th statistical ordinal for the vector (   Z  i 1   ,    Z  i 2   , … ,    Z  i m    ), i = 1, 2, …, n; j = 1, 2, …, m.



The standard deviation was calculated according to the following equation:


   S  d i   =    1 m    ∑   j = 1  m  (  z  i j   −   z ¯   )    



(5)







Based on the median and standard deviation, an aggregate measure    w i    of the sustainability strategies was calculated for each country:


   w i  =  M  e i     1 −  S  d i     ;  w i  < 1  



(6)







Values close to unity indicate a higher level of the sustainability strategy in the V4 member state, resulting in a higher rank. The aggregate measure places a higher rank on countries with a higher median of features describing the specific country, and those with a smaller differentiation between the values of features in the chosen state, as expressed by the value of the standard deviation [107]. The procedure selected for evaluating the sustainability strategy levels provided a multidimensional comparative analysis. Such an analysis allowed for a comparison between the Visegrad Group countries and grounds for classifying them into four groups (Table 2), where   w ¯   is the mean value of the synthetic measure and S is the standard deviation of the synthetic measure.



The biggest energy producers in the Visegrad Group countries play the main role in sustainability strategies in these countries. The differences between conventional energy producers who decided to generate energy from the RES reflect the disparities between the countries in which they operate.




4. Results


According to the calculated    w i    values, the V4 countries were assigned to one of the groups concerning their sustainability strategy level. In Table 3, the main energy producers from each country (countries symbols in brackets) are presented.



The results presented in Table 3 show that the largest generation of electrical energy from RES in 2019 was in the Czech Republic, followed by Slovakia, Hungary and Poland. The number of retail customers is the highest in Poland, then in the Czech Republic, Hungary and Slovakia. The share of total domestic production of electrical energy has the highest percentage in Slovakia, followed by Poland (four companies contributed 79.3% in total), the Czech Republic and Hungary. Renewable energy source installation power is the highest in Poland (2445 MW in total), and lower in Czechia, Hungary, and Slovakia. On the other hand, the annual volume of CO2 emissions is the highest in Poland, then in Czechia, Slovakia and Hungary.



The analysis shows that there are countries in which main energy producers implement different sustainability strategy levels (Table 4).




5. Discussion


The SWOT analysis presented in Figure 2 shows that there is potential for the future development of the RE sector in the Visegrád Group countries. Energy producers examined in this study belong to the Visegrád Group countries’ states corporations. These organizations have common projects and cooperate with other renewable energy sector companies. Furthermore, favorable legislative changes (prosumer energetics) encourage a growing number of households’ adoptions of renewable energy sources (e.g., photovoltaic panels). The role of the client in this process requires a change in strategy based on a new customer approach [108]. An evaluation of the sustainability strategy levels by measuring the effects of energy sector company indicators was based on the reference method [105], modified by the authors from its use in macroeconomic development research. A difficulty in analyzing the renewable energy sector in V4 countries is the deficit of harmonized data allowing comparison between countries and checking of the dynamics of changes over the years.



There are distinct tendencies that support growth of the RE sector in the Visegrád Group countries which are the largest beneficiaries of EU capital and support [91]. Many producers of electrical energy have implemented different levels of sustainability strategies because of growing ecological trends in business [5]. The multidimensional evolution of the strategies in the energy sector is shown in Table 5. Sustainability strategies in the RE producers’ sector in the V4 countries are similar to the relationships presented in Figure 1, as in the third column showing sustainable strategies typology [109]. These strategies are a result of three pressure directions on the electrical energy producers. The first has a legal character, the second is the economic pressure of clients and the third is social opinion related to energy production hazards. However, changes in strategy are usually forced by external requirements imposed by legislation at the level of a country or a superior international organization. This external pressure is still applied, and it is even increased by the occurrence of environmental degradation.



Energy sector companies can choose between a broad spectrum of sustainable strategy levels (Table 5). There is a basic, minimum approach characterized by the organizations which implement the “end-of-pipe strategy” [51,110], which reflects the legal requirements for all companies. The “end of pipe” strategy refers to an environmental strategy characterized by isolation and a competition-oriented approach [111]. According to the Worthington’s classification, there are other names for this approach, such as indifferent stage or defender position (organization self-defense) [57]. A characteristic feature from the point of view of implementing SDGs in the technological process is the occurrence of dirty processes and dirty products/services. The isolation strategy (minimum-level strategy) is based on minimalization of interactions between the natural environment and the organization (businesses environment) [112]. This strategy decreases the stability of the organizational system and is related to the limited interaction of the organization with the natural and business environment.



A cleaner-type production strategy can also be incorporated into the environmental strategy. Not paying attention to redundancy, organizations implement dirty processes but offer a clean product or service [108]. The redundancy strategy is based on maintaining access to various resources by the organization. These resources allow organizations to survive in crises and avoid short-term adaptation [113]. Due to access allowing restoration of stability at the interface between the organization and the environment, the system can operate in a partially independent manner, both from initial knowledge and the possibility of later obtaining reliable information about the environment. This strategy type encompasses proactive and crisis preventive approaches that stay in accordance with sustainable strategy topologies described by Worthington [57].



There is also the so-called “zero strategy” (also called the “no waste” strategy), which qualifies as the proecological strategy [57]. This strategy assumes an adaptive approach and implementation of clean processes and clean products/services. Adaptability is the potential for the organization to change itself or change its surrounding. This change allows at least some of the lost effectiveness to be regained.



Developing all the above-mentioned sustainable strategies leads to environmental excellence [114], or a green strategy. A green strategy is related to the natural environment, is built on SD and expresses greening of the organization. A green strategy assumes cooperation within the network. Then, the organization can obtain an environmental leadership position [57], not just a sustainable competitive advantage. The organization’s technological process is optimal, as both the processes and products/services are clean.



In the literature, there are many sustainable strategy typologies, and the most common is the evolutionary one based on technological progress. This type of development is focused on better environmental protection. The authors of this paper extended a new classification of proecological strategies, as presented in Table 5. These multiple stages or types of sustainable strategies are considered in the strategic management literature. They vary between three and five elements; however the most popular consist of four levels [57]. According to the Hart classification, these are end-of-pipe, pollution prevention, product stewardship and sustainable development [115]. These levels are in accordance with the authors’ proposition in Table 5. As listed by Worthington, four element stages or positions [57] are related to the findings of Verbke and Buysse [110].




6. Conclusions


Even though the SD idea is 50 years old, it has developed more in theory than in practice. Lack of interest and skills in implementing the concept means that there are no measurable social, economic and environmental results. It may even be stated that since the 1970s, social, economic and ecological inequalities between countries and regions have deepened. Despite the declarations and implementation of proecological initiatives, companies’ actions are chaotic and inconsistent.



In this paper, research on the RE producers’ strategies is limited to the V4 group intentionally. It was assumed that due to historical, political, economic and geographical conditions, companies from these countries would operate in a similar business environment and conditions. This, however, limits research results to countries from the Visegrád Group, where we can make comparisons among countries at a similar level of development. In the study, we did not measure the degree of translation of the SDGs into the implementation of the strategy, and only chosen measures were compared, which means that the study focused on selected, comparable indicators reported by the energy producers in the renewable energy sector.



The novelty of this work covers several aspects presented in the research. The authors presented a new view on renewable energy producers’ strategies in the Visegrád Group Countries. The starting point for the considerations was the theory of sustainable development and sustainable strategic management. The authors proposed a new concept of sustainability strategies for companies that can choose between an environmental strategy, a pro-ecological strategy, and a green strategy (Figure 1). Contribution to science is a factor in the strategy types that energy sector companies can choose. The authors highlighted the wide range of opportunities associated with different levels of energy support in environmental efforts, from end-of-pipe to environmental excellence (Table 5). The authors used a statistical reference method (Hellwig’s method) based on data gained from the businesses. There are few similar types of research on renewable energy producers based on business data and calculated with Hellwig’s method. Other authors using this method in different contexts usually based their studies on the administrative level comparisons and classifications into groups or ordering in ascending/descending orders.



This study contributes to sustainable strategic management (SSM), sustainability strategies and SDG research. The observations in this study were limited to the degree of implementation of SDGs, so future research is required in this area. Indicated problems result from inadequate SSM [49] and the lack of implementation of strategies. Therefore, it is not so much the strategy implementation declaration that matters, but the strategy implementation process. The selection of strategic goals that positively impact the environment is essential only when this is translated into the strategy implementation.



Concerning practical implications, one should pay attention to several problems. The need to transition electricity generation from fossil fuels to renewable energy sources should be reflected in the implementation of SDGs in energy producers’ strategies. The use of electricity generated from fossil fuels depletes natural resources and degrades the environment. Despite declaring the intention to reduce energy demand, there is an increase in electricity consumption in the world, still obtained mainly from fossil fuels. This increase in demand for electricity is driven by economic development. Growing investments in the energy sector, and use of RES, can be seen as a way to achieve energy independence among Central European countries. Therefore, all Visegrád Group countries are strong proponents of the diversification of energy supplies and transit routes and try to enhance and support the energy sector transition. These countries are building mutual network connections to enhance the region’s security and reduce the negative effects of one-sided dependency. Therefore, fossil fuel and “brown-based” international policy lead towards strong dependencies when renewable energy sources promise independence. All the initiatives of the Visegrád Group energy producers are aimed at supporting energy stability in the Central European region. There is development capacity for the renewable energy sector based on sustainable strategies within the SD movement, and there is also space for the greening the electricity producers by a green strategy.



Regarding social implications, it is worth paying attention to new opportunities related to shaping consumer behavior. Information about electricity producers’ strategies can be an essential factor in influencing consumer choices. The growing requirements of customers as to the composition of products and production processes has been reflected in the creation of labels confirming compliance with social criteria. Similarly, consumers using electricity can decide on the choice of supplier, bearing in mind the company’s commitment to respect for the natural environment and implementing sustainability strategies. Thus, consumers are able to find out about renewable strategies and make more aware of energy supplier choices.



The assessment of the RE sector development conditions leads to the conclusion that only the state can take the risk of the transformation of the energy sector towards greener and sustainable practices and based on RES. The reasons are the scale of the investments and regulations associated with energy production. The state is a major stakeholder, or owner, of the power plants, suppliers, and related distribution infrastructure which constitute the energy producer companies studied in this research. In this study, we encountered multiple misunderstandings, and false or unchecked information, in the reports of the energy sector in the Visegrád Group countries. The most reliable data used in our research were expensive reports, which, in our opinion, restrict important information for decision-making processes.



In the Visegrád Group topics related to the transition towards a green economy, such as aspects of electromobility, have gained attention in recent years. However, implementation is an illusion, since the majority of generated energy comes from nonrenewable resources. Only an increase in RES can reduce the emissions generated by energy-related economy sectors. The problem is that nuclear energy is considered safe and ecofriendly among the V4 societies, despite the hazards associated with it. In domestic statistics, this type of energy is also classified as renewable, which effectively changes the internal electricity market image of Slovakia, Czechia and Hungary.



An opposite approach is when organizations choose a green strategy that responds to legal requirements and results in the organizations adopting an active attitude towards environmental protection and management evident in green decisions. Changes in technology support changes in the proecological and green strategies in the natural environment. Organizations face the choice of various technological solutions related to the chosen organization’s development strategy. On the other hand, technology allows protection of scarce resources and an open perspective for resource-based strategies. These green strategy-driven organizations do much more than required by law and their actions are not based on fear of penalties. Organizations that implement green strategies represent a type of strategic thinking that looks far into the future and translates their strategic goals into a specific management style that is consistent with a sustainability strategy level.



Developing the RE sector can not only reduce negative impacts and protect the natural environment, but it is also possible to act towards energy independence from big suppliers of energy providers and producers in the region [106]. The energy sector is especially involved in the economy because RES can impact prices of goods and services and shape wellbeing.



Accelerating the development of RE requires creating a new conceptual framework, where the basic tool for the usage of SDGs is the implementation of the strategy. We recognized the possibility of a future research direction dedicated to the SWOT analysis for each V4 country’s electrical energy sector. To increase the effectiveness of strategy implementation, it is necessary to research the organization in the V4 group regarding difficulties related to the implementation of sustainability strategies. A possible research avenue is to study how to implement a corporate environmental strategy, or green strategy, and propose tools to measure this process. This can reveal possible new approaches to sustainability strategy level implementation related to the research presented in this paper. Such analysis can also open future research areas to examine development of strategies in the renewable energy sector.
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Figure 1. Relationship between sustainability strategies and management approaches. Source Authors’ elaboration. 
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Figure 2. SWOT analysis of the V4 renewable energy sector. Author’s elaboration based on [5]. 
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Table 1. Basic indicators for monitoring the sustainability strategy in 2019.
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Measured Characteristic

	
Symbol

	
Company Name (Country Symbol)




	
PGE (PL)

	
Tauron (PL)

	
Enea (PL)

	
Energa (PL)

	
CEZ (CZ)

	
SE (SK)

	
MVM (HU)






	
Generation of electric energy from renewable energy sources (TWh)

	
x1

	
1.7

	
1.4

	
2.3

	
1,4

	
15.4

	
16.8

	
16.4




	
Number of retail customers (millions)

	
x2

	
5.3

	
5.7

	
2.6

	
3,2

	
8.5

	
2.45

	
4.2




	
Share of total domestic production of electric energy (%)

	
x3

	
41.0

	
8.3

	
18.0

	
12.0

	
61.0

	
80.0

	
50.6




	
Renewable energy source installation power (MW)

	
x4

	
650.0

	
852.0

	
443

	
500

	
864.0

	
408.1

	
466.7




	
Annual volume of CO2 emissions (M tons)

	
x5

	
55.0

	
18.5

	
10.5

	
3.4

	
27

	
18.8

	
13.3








Source: Authors’ elaboration based on companies’ integrated reports.
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Table 2. Sustainability strategies aggregate measures comparative analysis.
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	Group
	Mathematical Characteristic
	Meaning
	Dominant Strategy





	I
	    w i  ≥    w ¯  + S   
	high level
	environmental excellence



	II
	    w ¯  + S >  w i  ≥  w ¯    
	medium-high level
	zero-waste strategy



	III
	    w ¯  ≥  w i  ≥  w ¯  − S   
	medium-low level
	cleaner production strategy



	IV
	    w i  <  w ¯  − S   
	low level
	‘end of pipe’







Source: Authors’ elaboration.
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Table 3. Results for the V4 countries main energy producers.
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Company Name (Country Symbol)

	
Indicators’ Symbols and Values

	
Measure




	
x1

	
x2

	
x3

	
x4

	
x5

	
     w i     






	
CEZ (CZ)

	
54

	
8.5

	
61

	
864

	
27

	
0.64




	
Tauron (PL)

	
1.4

	
5.7

	
8.3

	
852

	
18.5

	
0.86




	
PGE (PL)

	
1.7

	
5.3

	
41

	
650

	
55

	
0.32




	
Energa (PL)

	
1.4

	
3.2

	
12

	
500

	
3.4

	
0.41




	
MVM (HU)

	
16.4

	
4.2

	
50.6

	
466.7

	
13.3

	
0.95




	
Enea (PL)

	
2.3

	
2.6

	
18

	
443

	
10.5

	
0.27




	
SE (SK)

	
16.8

	
2.5

	
80

	
408.1

	
18.8

	
0.37




	
Avg. value

	
13.4

	
4.6

	
38.7

	
597.7

	
20.9

	
0.68




	
Std. dev.

	
19.2

	
2.1

	
27.1

	
193.6

	
16.7

	
0.20




	
Var. Coeff.

	
143.1

	
47.0

	
70.1

	
32.4

	
80.0

	
0.00








Source: Authors’ calculations.
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Table 4. Groups of the V4 countries based on the main energy producers’ strategies.
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	Group
	Countries
	    Values   of    w i    for   Countries    





	I
	Czechia (CZ)
	0.95



	II
	Poland (PL)
	0.55 *



	III
	Hungary (HU)
	0.37



	IV
	Slovakia (SK)
	0.27







Source: Authors’ calculations; * calculated as an average value.
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Table 5. Strategies evolution-based classifications.
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Popular Name of the Strategy

	
Characteristic

	
Sustainability Strategy Types

	
Sustainable Strategic Management Approach and Focus on Green Response

	
Strategy Model






	
The “end of pipe” strategy

	
The main aim of this strategy type is to dilute or disperse all emissions to the environment to be legally compliant, but nothing more than simple treatment is performed.

	
Environmental

	
Isolation and Competition

	
Dirty processes and dirty products/services




	
Cleaner production strategy

	
The main objective of an organization is to comply with the law because of cleaner production and, if possible, to treat but not eliminate wastes before the end of the production cycle.

	
Redundancy

	
Dirty processes and clean product/service




	
Zero waste strategy

No waste strategy

	
This strategy aims to design a process (production or service) to avoid material losses, so all wastes are reused or recycled. This strategy is ahead of the law because it not only minimizes emissions but also eliminates them.

	
Proecological

	
Adaptation

	
Clean processes and clean product/service




	
Green strategy

Environmental excellence strategy

	
The basis for this strategy is a conviction that other organizations can use some wastes more effectively or process them better, i.e., “someone’s trash is someone else’s treasure”. This strategy aims to connect all supply chains into a bigger ecosystem to allow other organizations to use recovered resources (previously seen as waste) in their processes with new possibilities.

	
Green Strategy

	
Cooperation and Networking








Source: Authors own elaboration based on: [58,111,116].
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