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Abstract

:

Nowadays, the importance of activities for the protection of the environment is growing. This approach has a major impact on the current energy and mining policy in Poland. On the one hand, the energy policy has imposed several restrictions to which the Polish economy will have to adapt; on the other, however, it raises great social opposition from professional groups that will be at risk of changing or losing their jobs and income, which implies extensive restructuring processes. These processes involve the decarbonisation of the economy and include, among others: sustainable production and consumption, sustainable municipal management and high quality of life in the city, waste management, sustainable transport, and energy management. The aim of the article is to indicate the importance of investment outlays and costs incurred when purchasing alternative fuels that would replace hard coal in Poland. It is part of the process of adjusting to the requirements of the new energy policy adopted by Poland as an EU member. In order to ensure energy security by abandoning coal mining, disproportionately high investment outlays for such a transformation would have to be incurred, as well as significant resources that would have to be allocated in the future to the purchase of alternative fuels. The result of the scenario methods used is the proposition of the proprietary RCAES index, which is to facilitate the transition from fossil fuels to alternative fuels, which the authors will fill in the gap existing in this area.
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1. Introduction


With Poland’s accession to the European Union, the Polish economy must adapt to the requirements of the European Union [1]. New challenges related to energy security resulting from the international geopolitical situation [2,3] and experience in implementing competitive electricity and gaseous fuels markets entail the need to update the energy forecast also for Poland and to formulate a new energy strategy [4,5]. To meet the environmental protection requirements [6], especially in reducing atmospheric pollution causing global warming [7], Poland had to assess its capabilities in this regard [8]. This contributed to the implementation of changes in the energy policy up to 2040 [9,10].



Poland is not only using coal for much of its energy mix [11]. Poland is also a significant producer of coal. The decarbonisation of the energy sector is, therefore, closely linked to the linear reduction of the coal sector [12].



The diversification of energy sources in Poland towards renewable energy sources (RES) is a direct result of the transformation of the European energy sector [13,14]. The main reason for this process is the growing demand for electricity, which necessitates not only increasing the volume of its production but also the necessity to reduce the harmful impact on the environment caused by the processing of conventional energy carriers (fossil fuels). The entire transformation is to contribute to increasing the energy security of Poland and the other EU Member States, and thus the entire European Union [15].



Ensuring Poland’s energy security will require several changes, which implies incurring new investment outlays and relating additional costs to these changes [16]. They should be, however, considered from both broad and detailed perspectives. The following areas are of great importance for the energy sector and changes in the purchase of alternative fuels for Poland’s energy security: sustainable production and consumption, sustainable municipal management and high quality of life in the city, waste management, and sustainable transport energy management [17].



This study aims to indicate the importance of investment outlays and costs incurred when purchasing alternative fuels that would replace hard coal in Poland. This is part of the process of adapting our current energy policy to the requirements of the new energy policy, which was adopted by Poland as a member of the European Union. Detailed objectives were formulated as research questions and included in the part covering the research methodology.



The research hypotheses are:



Hypothesis 1 (H1).

The use of alternative fuels can ensure Poland’s energy security.





Hypothesis 2 (H2).

Process “The use of alternative fuels” requires new investment outlays and determines a higher level of purchase costs of alternative fuels.






2. Literature Review—Background of the European Union Energy Policy


The European Union declared the aim of achieving a climate-neutral economy by 2050 [18]. This means there is a necessity to make significant investments and, thus, ensure the sources of the required financing [19]. Especially in the case of economies where the majority of energy is obtained from coal, broad energy sector transformation [20,21] will be necessary, followed by capital flow, financial support policy, and legal regulation [22,23].



The next industrial revolution should profoundly transform not only the world economy, especially in developed countries, but also entire societies and the global financial system [24,25,26]. At the moment, both the challenges and opportunities that this revolution should bring in the context of the energy sector have already been identified [27]. They show that electricity will become a global catalyst for changes in industry and services and that energy security will determine the next technological revolution on a global scale [28]. However, the energy sector itself is also susceptible to changes implied by business (24/7 digital economy), regulators and politicians (decarbonisation and an increase in the share of renewable energy sources), and nature (global warming and extreme weather phenomena).



The shape of the national energy strategy is largely determined by the European Union’s climate and energy policy [29], and in particular by the EU’s desire to achieve climate neutrality by the middle of this century, including various stimulus mechanisms accompanying the implementation of this goal in the coming decades. The transformation of the energy sector and the transition to low-carbon energy is therefore a direct result of the implementation of the EU’s 2020–2030 targets in the field of climate and energy [30,31,32].



In November 2019, the Polish Ministry of Energy published for the first time a draft document titled “Poland’s energy policy until 2040” (tentatively called PEP2040) [33]. It assumes a 20-year period for the implementation of the country’s energy transformation process [34]. The global target adopted in this project is based on five specific objectives [35]:




	(1)

	
reduction in the share of coal-based electricity production to the level of 56–60% in 2030;




	(2)

	
increasing the share of renewable energy sources in gross final energy consumption to 21–23% in 2030;




	(3)

	
implementation of nuclear power by 2033;




	(4)

	
achieving an improvement in energy efficiency by 23% until 2030 (the 2007 forecasts are the reference); and




	(5)

	
reducing the level of CO2 emissions by 30% until 2030 (the figures from 1990 are the reference point).









In the light of the research, by 2040 [36], the demand for energy in Poland may increase by 50%, from the current 160 TWh to 240 TWh. Ensuring the stability of the sector, energy security and the implementation of the eight EPP2040 strategies will be a major challenge for the energy sector [37,38].



The energy policy assumes a further revision of the key EU regulations concerning the energy sector, which will respect the goals of the EU’s energy and climate policy after 2030 and the tools for its implementation. The new “Energy policy of Poland until 2040” [36] was based on the three pillars:




	
just transition [39];



	
zero-emission energy system [40];



	
good air quality.








A just transition should stimulate new development opportunities in regions whose communities will be most negatively impacted by the low-carbon energy transition. It is therefore essential that it provides new jobs for people who have lost them as a result of the transformation, and that it also enables the development of new industries that build up based on transformations in the energy sector. All pro-development activities related to the transformation of the so-called coal regions will be financed with funds at the level of approximately PLN 60 billion. The shielding programs will cover not only entire regions but also individual energy consumers, who may suffer from the disproportionate increase in the prices of energy carriers. Additionally, these funds are intended to stimulate their active participation in building a low-emission energy system. The implementation of the above actions is to ensure a fair and effective transformation of the energy sector, in which everyone will have a chance to participate. It is assumed that for this purpose the competitive advantages of the Polish economy will be used, thus stimulating new development opportunities and infrastructure modernization on a large scale. It is estimated that the transformation of the energy sector will contribute to the creation of 300,000 new jobs in business sectors with the highest growth potential, including, in particular, those related to renewable energy sources, development of network infrastructure, digitization, electromobility, thermal modernization, and nuclear energy [41,42,43].



The second of the pillars of the new energy policy assumes the reduction of the emissivity of energy production as a result of the wide development of alternative sources of its acquisition, including wind energy, and increasing the share of distributed and civic energy in the total energy production. This pillar also involves investments in the country’s energy security through the temporary use of new electricity production technologies based on gaseous fuels [44,45,46].



The third pillar involves extensive investments in the transformation of the heating sector, both systemic and individual, electrification of the transport sector, and promotion of passive and zero-emission construction [47]. These actions mean a gradual abandonment of the use of fossil fuels and thus the improvement of air quality in Poland, which is of great importance in the context of the health of its inhabitants.




3. Materials and Methods


The changes taking place in the external environment of enterprises contribute to the dynamic development of renewable energy sources, as well as the transformation of operations based on coal. At the same time, many of the activities and processes towards decarbonisation and climate neutrality, including the large-scale use of renewable energy and the intensification of energy efficiency measures along the entire value chain, present enterprises with hitherto unknown and unique challenges and opportunities for business transformation. A coherent long-term strategy for alternative fuels must meet the energy needs of all transport modes and be in line with the EU 2020 strategy, including decarbonisation. However, the available alternatives along with the capital expenditure and costs vary from industry to industry.



The following research questions were asked in the study:




	(1)

	
In what direction is Poland’s energy policy heading?




	(2)

	
What will be the consequences of the transformation of the mining sector in the world, including Poland?




	(3)

	
What effects will the redirection of investment outlays on the purchase of alternative fuels bring in the context of energy security in the world, including Poland?




	(4)

	
What is the impact of redirecting the cash flow of revenues from the sale of coal to the purchase of other energy fuels?




	(5)

	
To what extent will the purchase of alternative fuels cover the energy value obtained from coal?









The main aim of the article is to indicate the importance of investment outlays and costs incurred when purchasing alternative fuels that would replace hard coal in Poland. This is part of the process of adapting our current energy policy to the requirements of the new energy policy, which was adopted by Poland as a member of the European Union. The specific goals are to search for answers to the above research questions. The research hypotheses are: (H1) The use of alternative fuels can ensure Poland’s energy security, and (H2) Process “The use of alternative fuels” requires new investment outlays and determines a higher level of purchase costs of alternative fuels.



To confirm the hypotheses and achieve the research objectives, the following methods and techniques are used:




	
desk research,



	
review of legal acts,



	
method of analysis and comparisons,



	
the scenario planning method.








Scenario planning is based on scenarios, and its essence is the use of scenarios for management in the enterprise and their implementation in practice. Herman Kahn [48] is considered to be the precursor of scenario methods. The energy crisis that took place in the early 1970s undermined the usefulness of forecasts based on extrapolation, consisting of searching for regularities in the development of past events and transferring them into the future [49]. In Europe, the scenario concepts were applied by Michael Godet at the DATAR (Délégation en eménagement des territoires et action régionale center) [50]. Scenario methods are used in research on strategic planning as one of the concepts of methodological solutions.



The research process was carried out in the following stages:




	(1)

	
Initial research: the research area and problem were defined, research questions and objectives were identified, and a research hypothesis was formulated.




	(2)

	
Basic research: an analysis of legal acts and a critical analysis of the literature in the area of investment outlays and the level of alternative fuel costs in the context of the new Polish energy policy were performed; the literature on the subject was investigated to find the answers on the consequences of the transformation of the mining sector in the world, including Poland; the website of the Industrial Development Agency and Euracoal Market Reports were analysed; scenarios (simulations) of the impact of redirecting the cash flow of revenues from coal sales on the example of a leading company from the coal sector to the purchase of other energy fuels were developed, and an answer was sought—to what extent the purchase of alternative fuels will cover the energy value obtained from coal.




	(3)

	
Inference: The study was carried out in the period January 2020–June 2021. The layout and content of the study were subordinated to the implementation of the main and detailed research objectives, as well as to confirm the hypothesis.









Energy policy in the era of full membership in the European Union is a very big challenge for the economies of the Member States. Scenario methods make it possible to use the influence of different variables (types of clean fuel) and evaluate them to achieve the same energy value. Certain variables influencing the new clean energy policy can be freely shaped depending on the availability and their prices on the market; hence this method seems to be applicable in the conditions of a low-emission energy policy. For this, a valuable way to predict the future is to create scenarios as hypothetical and possible paths of development of the studied objects, which were used by the authors of the study, who finally proposed the original RCAES Index.




4. Results and Discussion


4.1. Importance of the Mining Sector for the Polish Economy


Coal is an important source of primary energy in the world. It ranks second after crude oil. In recent years, a decline in the share of coal in the global primary energy consumption in Europe can be observed. The share of coal in electricity production decreased last year in the European Union by 24 percent, according to the report “European energy sector” in 2019 [51]. In place of coal for energy production, wind, solar, and gas power plants are more and more often used. Coal remains the dominant fuel in the Asia-Pacific region of India, Southeast Asia, and several other countries. In 2019, the share of hard coal in the primary energy balance in this part of the world was 47% [52]. As a consequence of the transformation of the mining sector, hard coal production is to be limited by 2022 in Europe, except for in Poland. Demand for coal is also to be reduced in the US [53].



The slowdown of the Chinese economy, which is the largest coal consumer in the world along with the policy of decarbonisation, led to a decline in global coal consumption in 2019 after several years of stable growth [54]. Coal production in the EU fell by 24% in 2019. The production of hard and brown coal decreased by 32% and 16%, respectively. This change is being driven by the rising CO2 emission allowance prices and the implementation of renewable energy sources. Half of the decline in coal consumption was replaced by gas and the other half by the solar and wind power plants. It is expected that the decline in coal consumption will continue: Greece and Hungary committed to phasing out coal in 2019, which means that as many as 15 of the EU Member States have withdrawn from the use of coal. However, some EU Members have not started this process yet. This includes Bulgaria, Croatia, Poland, Romania, and Slovenia [55].



The decrease in the share of coal in energy production means that CO₂ emissions in the European energy sector fell by a record 120 Mt or 12% in 2019. This is possibly the biggest decline in history. Stationary emissions under the EU Emissions Trading System (EU ETS), including heavy industry, decreased by 7.6% in 2019, meaning industrial emissions are likely to have decreased by only 1%. Nevertheless, total emissions covered by the EU ETS are falling much faster than the cap; showing the central role of further strengthening the EU ETS to accelerate climate action in Europe [56].



Renewable energy sources have hit a new record covering 35% of the electricity demand in the EU. For the first time, combined wind and solar power supplied more electric power than that obtained from coal, accounting for 18% of EU electricity production in 2019 [57]. This means more than a 100% increase in the market share compared to 2013. Growth in wind and solar power production was the strongest in Western Europe, to which both Poland and Greece have contributed. The rest of the Eastern European countries produce much less energy from such sources. The economic opportunities for cheap renewable energy sources have become increasingly apparent. In 2019, auction prices for offshore wind (UK) and solar (Portugal) fell below wholesale prices to unprecedented record lows. During the same year, there were also declines in wholesale prices in countries with the most developed solar and wind energy sectors [47].



Europe’s energy transition is gaining momentum. Fighting the climate crisis is the main goal of all EU policies for the next five years as described in the European Green Deal: Europe is set to become the first continent to achieve greenhouse gas emissions neutrality by 2050, and the EU Commission put forward a proposal to raise the European gas reduction target by 2030, up to −50% or −55% below 1990 levels [58]. This means that emissions in the energy sector will decrease, even if the demand for electricity increases as a direct result of increased electrification of transport and heating [59]. These trends are presented in Figure 1.



As shown in the Figure 1, total global coal consumption in 2019 was 172 TWh, while production was 161 TWh. Electricity production in Poland shown in the diagram indicates that over 47% of energy production is generated with the use of hard coal, 27% with brown coal, while the same ratio for wind and natural gas is 9%, biomass 4%, and water and other sources are 2%. Less and less hard coal is mined in the European Union and its consumption is also falling, according to Eurostat data. In terms of extraction, Poland comes first, ahead of the Czech Republic and Germany. The production of hard coal in the EU is also lower each year. In 2018, it amounted to almost 74 million tons, 6% less than in 2018, and by 80% less than 1990. In 2018, only five Member States mined hard coal: Poland (63.4 million tonnes), the Czech Republic (4.5 million tonnes), Germany (2.8 million tonnes), Great Britain (2.6 million tonnes), and Spain (0.5 million tons). Poland was responsible for 86% of extraction of this raw material in the community. Thus, if the production of coal in the European Union countries is reduced, it will result in the transfer of coal production outside the EU, as the demand for coal does not decrease worldwide [60]. Summing up, the conducted restrictive climate policy in the EU does not affect global decarbonisation.



Among the EU countries which are hard coal producers, Poland is the leader, followed by the Czech Republic, Great Britain, Germany, and Spain. Poland is a major global producer of hard coal and the largest in the European Union. For many years, the European Union remained the largest coal importer in the world and was overtaken by China only in 2012. Coal production in individual EU countries in % is shown below [61].



Germany remained the largest among the major hard coal importers in the European Union in 2020 (presented Figure 2). The other major importers are Italy, Spain, and the Netherlands. The largest, almost a 60% drop in coal imports, was recorded in Great Britain due to the increase in the emission tax. In 2019, the UK steel sector had a slightly larger share of the 7.9 million tonnes coal market than the energy sector. In the UK, 2.3% of total energy production came from coal. Production from coal-fired power plants decreased by 59% compared to 2018. Stockpiles at power plants were reduced, thus reducing imports to 5.5 million tonnes in 2019, mainly from Russia and the USA. Coal production in Great Britain in 2019 amounted to 2.2 million tonnes, which means a decrease of 28%.



The main suppliers of coal to the European Union market in 2019 were Colombia and Russia. On the other hand, imports from South Africa decreased by around 30%. In the analyzed years, coal in the EU countries was ranked third with a 14% share in the European energy market, after crude oil (37%) and natural gas (23.5%). The structure of energy carriers in individual EU countries has been historically shaped based on the available natural resources. In France, nuclear energy dominated, while in Denmark it was wind energy, and in Scandinavia and Austria it was hydropower. Poland, the Czech Republic, Germany, and Bulgaria relied on hard coal and brown coal.



In summary, from the macroeconomic perspective, the transformation process of the mining sector may have very serious consequences for the economy of Poland and the EU, on the grounds of the following factors [62]:




	
Poland ranks ninth in the world in coal mining;



	
Poland occupies a leading position in coal mining in the European Union (50.3 million tons);



	
At the same time, Poland and Germany are the largest consumers of this fossil fuel in the European Union, being responsible for more than half of its consumption.








In Poland, the demand for this raw material, according to long-term prospects, is expected to remain stable until 2022. Energy security is a strategic issue for every country. The generation and transmission of electricity is a crucial element of the modern economy, as it determines its efficiency. Compared to other European Union states, Poland is a very large and diversified base of mineral resources [63], and as such may become one of the leading guarantors of energy security in the European community [64].



The economic development of countries depends on access to energy. It is forecasted that until 2040, the world economy will grow at an average rate of 2.8% annually. Taking into account the predicted steady increase in efficiency in energy generation, the growth of the global energy sector will amount to 1.1% annually. The importance of conventional sources (energy from coal and crude oil—predicted increase by 0.4% per year) is expected to show a downward trend, with a simultaneous increase in the share of renewable sources (solar, wind, and geothermal energy—an increase of 7.4% per year). The goal of every economy is to strive for such a development of renewable energy that will ensure its achievement of a share of approx. 20% in energy production [65].



Summing up, from the macroeconomic perspective, the transformation process of the mining sector in the scale of the economy may have very serious consequences for the energy security of Poland, as well as the EU, because:




	
Hard coal is still the dominant energy resource in Poland, and the main recipient of domestic steam coal producers in the domestic power industry (over 50% of total domestic steam coal sales);



	
In 2019, 47% of electricity was generated in power plants using hard coal, and 27% in power plants using brown coal;



	
Hard coal is the basic energy source, ensuring along with brown coal, a very high degree (70–80%) of energy independence for Poland;



	
The average energy independence of the European Union was approx. 50% in 1990, while with the reduction of coal production, it continues to decline, reaching the level of nearly 30%.








Obtaining electricity from renewable energy sources entails significant costs that the Polish economy will not be able to bear without the support of the European Union [65].




4.2. Redirection of Investment Outlays for the Purchase of Alternative Fuels and the Energy Security of Poland


Ensuring Poland’s energy security requires significant investment outlays and incurring extra operational costs. Investment outlays create capital which increases the production capacity of the economy [66]. In the short term, changes in the size of investments primarily affect domestic demand. Professor S. Gomułka justifies that the high innovativeness of the Polish economy in the last 25 years has contributed to economic growth [67]. The measure of innovation is the GDP growth rate per employee or labor hour. This ratio grew faster in Poland than in the USA and Western Europe, although spending on research and development is much higher there than in Poland. We owe this growth mainly to the transfer of technology and know-how resulting from the inflow of foreign investments.



In the long run, apart from the size of investment outlays themselves, their effectiveness becomes of key importance—that is, how much productive capital is generated for a given investment volume. The influence of state policy on investment decisions is different in the state sector, where officials and politicians directly make investment decisions, than in the private sector, where the state creates a regulatory environment.



The impact of investments on economic growth is diversified in the short and long term. In the short time horizon, i.e., within a few years, the size of investment expenditure, which is one of the components of domestic demand, is important. The contribution of investments to domestic demand is subject to large fluctuations during the business cycle. For example, the slowdown in investments in Poland in 2001 reduced domestic demand 2001 by 2.5 percentage points, and their rapid growth in 2007 increased it by 3.9 percentage points. No other component of GDP was subject to such large fluctuations as investments, which is not a special feature of Poland—generally, in the business cycle, investments are characterized by greater volatility than other components of GDP [68].



The level of costs and funds, i.e., their acquisition and spending, correlate with investment outlays. Redirecting cash flows into infrastructure is often seen as a solution to the problems of unemployment, rural depopulation, or a general way to stimulate the economy. However, collective work analyzing many previous studies indicates that the positive economic impact of this type of funds allocation may be of minor impact on GDP. Based on the research conducted by Holmgren and Merkel [69] (meta-analysis of 776 estimates of the direction and strength of the impact on GDP of individual types of investments in transport infrastructure about the production of individual sectors from 78 articles, studying mainly the USA and Europe), it should be concluded that a 1% increase in infrastructure results in the change of production from −0.06% (reduces) to 0.52%. At the same time, the most precise estimates indicate the impact of such fund spending on the production level is close to zero. The result of Holmgren and Merkel [69] is confirmed by García’s research [70]. The study looked at 794 estimates from over 150 studies. Their results range from an impact of 0.09% to as much as 0.17%. However, their meta-regression model already shows a higher positive effect.



Summing up, after analyzing the redirection of cash flows to the purchase of alternative fuels, i.e., redirection of flows to the energy sector, it should be emphasized that this confirms the thesis of European research that such redirection of cash flows into investments in other sectors (energy) is falsely perceived as a solution to the problems of unemployment, depopulation of rural areas and weak economic growth [71].



To meet the needs of the country’s energy policy, the article presents the impact of redirecting the cash flow of revenues from the sale of coal on the example of a leading company from the coal sector to the purchase of other energy fuels, and also questions to what extent the purchase of alternative fuels will cover the energy value obtained from coal. During the simulation, additional sources of electricity were introduced as an alternative to the incineration of waste, fuel oil, natural gas, and wood. Research conducted in Sweden shows that out of 510 kg of municipal waste produced every year by Sweden, 490 kg are recovered and only 20 kg are thrown away [72].




4.3. Scenarios in the Adjustment Process


An in-depth analysis of the literature as well as the conducted research created the basis for undertaking and presenting a scenario approach to the process of changes in the energy policy, taking into account investment outlays and the costs of purchasing alternative fuels. The first set of scenarios (scenarios 1–4) assumes that the entire revenue stream that we obtain from the sale of coal is allocated to the purchase of a specific alternative fuel, e.g., wood, natural gas, heating oil, obtaining fuel from waste. The simulation also shows what energy value can be obtained by allocating PLN 11 billion for the purchase of a given fuel, as presented below(Table 1).



It should be emphasized that the reference point for all scenarios is the energy value obtained from hard coal. After analyzing the energy value that we would obtain from the purchase of alternative fuels, it should be clearly stated that in addition to the calorific value, the price for which we can buy alternative fuel is also very important.



An additional advantage of waste incineration plants is that incinerators are very profitable. Two tons of waste is the energy equivalent of 1 ton of coal; however, the coal needs to be purchased. Let us assume that the cost of one ton of coal is PLN 300, and by burning (and thus utilizing) waste, we receive an additional premium of at least PLN 200. The difference between the two amounts clearly shows that we have the differential cost of PLN 500 per ton. In addition, the largest incinerators are combined heat and power plants—they sell electricity and heat at the same time. It would seem that garbage is a fuel of little value due to moisture. However, the Swedes coped with this by using boilers (including ones that have been designed and produced in Poland) adapted to burning wet waste and raw biomass, e.g., grass, leaves, wet branches. Wet garbage together with fire gives steam, which is a valuable energy carrier. On the other hand, additional condensation of steam means that we recover 30 percent more heat. An additional advantage of waste disposal in Poland would be the reduction of gas imports by 40 percent.



Scenarios 5 to 8 present the energy value that can be obtained if the revenue from the sale of coal of PLN 11 billion is redirected to the purchase of alternative fuels in different proportions. Scenario 5 assumes that 30% of the revenue from the sale of coal is spent on waste disposal, 25% on the purchase of gas and heating oil, and 20% on the purchase of wood. The energy value obtained from the purchase of these fuels is 311 PJ and is presented in Figure 3 and Table 2.



Simulation 6 assumes that 50% of the revenue from the sale of coal is spent on waste disposal, 20% on the purchase of gas and heating oil, and 10% on the purchase of wood. This simulation allows us to obtain an energy value of 404.5 PJ, which is shown in Figure 4 and Table 3.



Scenario 7 assumes that 30% of the revenue from the sale of coal is spent on waste disposal, 10% on the purchase of gas, 20% on the purchase of heating oil, and 40% on the purchase of wood. Appropriate estimates are presented in Figure 5 and Table 4.



The use of the purchase of such fuels allows for the energy value of 274.6 PJ to be obtained. Scenario 8 assumes that 50% of the revenue from the sale of coal is spent on waste disposal, and 50% on the purchase of gas. In this simulation, we assume that we allocate the revenues from the sale of coal to the purchase of fuels with the highest calorific values, as shown in Figure 6 and Table 5.



The next table (Table 6) GOOD compares the value of energy obtained from a given type of alternative fuel for the purchase of which PLN 11 billion was allocated compared to the energy value of coal also purchased for PLN 11 billion.



In the case of waste disposal (Table 6), almost 61% of the energy value that can be obtained from coal could be covered. On the other hand, when buying gas, only 30% of the energy value that can be obtained from coal can be covered, as the price impact decreases its efficiency. In the case of heating oil, this ratio drops to 11.5%. The least efficient fuel type is wood, mainly due to the low calorific value. Spending PLN 11 billion on the purchase of wood can cover only 8% of the energy value of hard coal purchased for the same amount.



The scenarios proposed by the authors indicate that implementing “just transition” in Poland requires the application of an appropriate energy mix, with the use of alternative fuels to obtain an energy value equivalent to the energy value of coal.



When analyzing the energy values of coal and the cost of replacing them with alternative fuels, it should be stated that heating oil has a similar energy value to coal. However, replacing coal with heating oil requires its purchase, as in the case of gas. Wood has the lowest energy value, which in turn requires a very large demand for this raw material to ensure the same energy value that coal provides.



The simulations shown above indicate that the use of alternative fuels makes it possible to replace hard coal. However, they will not provide 100% of the energy value obtained from coal combustion. Replacing hard coal with heating oil generates almost four times higher purchase costs, and with wood 3000 times higher, to receive the same calorific value. If we follow the analyzed ratio about high-methane natural gas, the indicator shows almost 1:1 to ensure energy security and stability of supplies. However, then another problem appears with generating a surplus for the purchase of this raw material. It should be noted that while wood and biogas are raw materials that Poland can produce internally, the remaining types of alternative fuels (including natural gas) need to be imported from abroad, incurring additional outlays including investment, additional logistics costs, e.g., transport, storage.



The RCAES Index is an initial measure that may be a tool for improving the decarbonisation process in coal-based countries. The proposed method of index construction enables the selection of alternative energy sources, i.e., fuel oil, wood, garbage (waste), and gas, and be maybe a universal modeling instrument for the decarbonisation process. The proposed index was designed for all entities related to the coal and energy sectors.



Therefore, as a result of the research, the authors of the study recommend the RCAES Index:


Index RCAES = n HO + n W + n GAR + n G



(1)




where n is the percentage of alternative fuels involvement depending on the level of expenditure of a given entity—a more expensive or cheaper mix (Equation (1)):



heating oil—HO



wood—W



garbage/waste—GAR



gas—G



The proposed index is a universal instrument that can be used in subsequent research to improve practices and prepare other countries’ economies for changes in the energy security of a given country.





5. Conclusions and Recommendations


The results of the conducted research have shown that to ensure energy security by resigning from coal mining, disproportionate investment outlays and high costs need to be incurred to secure the transformation of the energy sector in Poland. However, this requires a good condition of the Polish economy and high GDP to meet the financial requirements of such a transformation [73,74,75,76,77].



The article aimed to indicate the importance of investment outlays and costs incurred when purchasing alternative fuels that would replace hard coal in Poland. This is a necessary step in the process of adjusting our current energy policy to the requirements of the new energy policy adopted by Poland as a member of the European Union. A long-term, stable energy policy and regulations based on it usually guarantee energy development. The implemented EU energy policy determines the development of Polish energy policy, and then implementing regulations into Polish law has an impact on the functioning of individual economic entities in the domestic energy market.



Based on the results obtained, the following conclusions should be drawn:




	
The replacement of coal with heating oil generates purchase costs that are four times higher compared to the cost of purchasing coal which secures the same energy value. For wood, the purchase costs surpass 3000 times the cost of coal purchase. If we follow the analyzed ratio in relation to high-methane natural gas, the indicator shows almost equal cost efficiency compared to hard coal to ensure energy security and stability of supplies. However, natural gas requires generating an extra surplus for the purchase of this raw material which needs to be imported from abroad.



	
Wood and biogas are raw materials that Poland can produce internally; however, their calorific value is low compared to coal, making them an ineffective energy source. The remaining alternative fuels proposed need to be imported from abroad, incurring additional costs such as transportation, storage, and in the case of waste, the costs of their disposal.



	
Poland’s energy policy requires the use of a large variety of fuels to secure the energy value which is currently being obtained from hard coal.



	
The most important consequence of the global mining sector transformation includes the change in energy sources, which is associated with the abandonment of coal mining. For example, closure of the mine, change, and liquidation of employment in the hard coal sector and mining-related sectors.



	
The effects of redirecting investment outlays to the purchase of alternative fuels in the context of global energy security will be mainly photovoltaic panels and alternative sources such as gas, incineration plants, and others.



	
Redirection of the cash inflows from coal sales to the purchase of other energy fuels will be reflected in increased costs for the economy and GDP.



	
Purchase of alternative fuels will cover the energy value obtained from coal at the level of almost 70%.








The conclusions further emphasize the purposefulness of the considerations, thus indicating that the main hypothesis, that the use of alternative fuels can ensure Poland’s energy security, has not been confirmed. The main research objective has been achieved, but it should be mentioned that to ensure energy security, abandoning coal mining requires disproportionate economic outlays and high levels of GDP, which would have to be allocated to the purchase of alternative fuels [78,79].



It should be emphasized that coal is the economically best raw energy material, although the costs of its extraction and exploitation are high. In the case of coal-dependent economies, it is virtually impossible to reduce the size of this sector in a short period. The energy security of each country should also be taken into account. The abandonment of this raw material may disturb the stability of energy supplies, therefore the RCAES Index proposed by the authors should be verified in subsequent studies in the case of economies of other coal-dependent countries.
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Figure 1. Distribution of coal production and consumption in Poland in 2020. Source: Own research based on Sandbag, Agora Energiewende (accessed on 2 November 2021). 
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Figure 2. Hard coal production (in mln t). Source: author’s study based on Euracoal Market Reports, http://euracoal2.org (accessed on 1 February 2022). 
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Figure 3. Scenario 5—energy value of the assumed mix of alternative fuels. Source: own study. 
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Figure 4. Scenario 6—energy value of the assumed mix of alternative fuels. Source: own study. 
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Figure 5. Scenario 7—energy value (PJ) of the assumed mix of alternative fuels (in PLN). Source: own study. 
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Figure 6. Scenario 8—energy value (PJ) of the purchased mix of alternative fuels. Source: own study. 
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Table 1. Estimation of the energy value of the alternative fuels, assuming that all income is spent on the purchase of one type of fuel only compared to the energy value obtained from coal.
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	Fuel Type
	Share (in %)
	Purchase Value

(PLN Billion)
	Energy Value (in PJ)





	Hard coal
	100
	11
	1045



	Wood
	100
	11
	86



	Natural gas
	100
	11
	315



	Heating oil
	100
	11
	121



	Waste/Garbage
	100
	11 has been deleted
	636







Source: own study.
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Table 2. Estimation of the energy value for scenario 5.
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	Fuel Type
	Share

(in %)
	Purchase Value

(PLN Billion)
	Energy Value (in PJ)





	Waste/garbage
	30
	3.3
	185



	Natural gas
	25
	2.75
	79



	Heating oil
	25
	2.75
	30



	Wood
	20
	2.2
	17



	Total
	100
	11
	311







Source: own study.
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Table 3. Estimation of the energy value for scenario 6.






Table 3. Estimation of the energy value for scenario 6.





	Fuel Type
	Share

(in %)
	Purchase Value

(PLN Billion)
	Energy Value (in PJ)





	Waste/garbage
	50
	5.5
	309



	Natural gas
	20
	2.2
	63



	Heating oil
	20
	2.2
	24



	Wood
	10
	1.1
	8.5



	Total
	100
	11
	404.5







Source: own study.
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Table 4. Estimation of the energy value for scenario 7.
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	Fuel Type
	Share

(in %)
	Purchase Value

(PLN Billion)
	Energy Value (in PJ)





	Wood
	40
	4.4
	34



	Waste/garbage
	30
	3.3
	185



	Heating oil
	20
	2.2
	24



	Natural gas
	10
	1.1
	31.6



	Total
	100
	11
	274.6







Source: own study.
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Table 5. Estimation of the energy value for scenario 8.
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	Fuel Type
	Share

(in %)
	Purchase Value

(PLN Billion)
	Energy Value (in PJ)





	Waste/garbage
	50
	5.5
	309



	Natural gas
	50
	5.5
	158



	Total
	100
	11
	467







Source: own study.
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Table 6. Estimation of the share of the energy value of alternative fuels compared to the energy value of coal, assuming that the entire cash flow is allocated to the purchase of only one energy fuel (scenarios 1–4).
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	Fuel Type
	Energy Value of Purchased Fuel

(PJ)
	Energy Value of Purchased Coal

(PJ)
	% Share of the Energy Value of Alternative Fuels in the Energy Value of Coal





	Wood
	86
	1045
	8.22



	Natural gas
	315
	1045
	30.14



	Heating oil
	121
	1045
	11.58



	Waste/garbage
	636
	1045
	60.86







Source: own study.
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