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Abstract

:

The paper presents the results of an analysis of the impact of activities related to the implementation of Poland’s climate policy on the level of demand for hard coal. The authors used sets of indicators built by Eurostat during the analysis. The analysis was based on a set of indicators that had not previously been used for this purpose. The applied ARAMAX model made it possible to study the impact of the presented indicators on the volume of demand for hard coal in Poland. They were introduced to the ARMAX model as explanatory variables. The demand for hard coal in Poland was the dependent variable. The set of indicators was verified, and finally only statistically significant factors were used to build the model. The forecast of the demand for hard coal was made until 2022. It showed that the volume of coal sales would systematically fall as long as factors affecting demand remain constant. However, an additional factor was taken into account in the analysis, namely the increase in demand and prices for hard coal on world markets. The ARIMA model was used to forecast price levels for the next 12 months. The forecast indicates that the time series of prices should maintain an upward trend within the examined time period. Building an accurate and reliable forecast is the basis for effective planning of coal production and is adjusted to the demand for this fuel.
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1. Introduction


Access to energy is a prerequisite for the development of countries, both economically and socially. Access to energy is essential [1] for this development to take place in a sustainable manner. However, this energy must meet certain conditions. First, it must be produced in an environmentally friendly manner without a negative impact on the environment. Secondly, it must be available at the time, place, and the amount that is needed, at a price acceptable to the consumer. A sustainable energy system should be based on renewable energy sources and heat, as well as efficient use of energy, reduction in energy demand, and cogeneration in energy production [2,3].



The member states of the European Union have been faced with the need to review their energy systems to ensure that they are compatible with the goals of sustainable development [4]. This also applies to Poland, for which its energy policy, in line with the policies of the European Union, has had a major impact on shaping the Polish energy mix [5,6]. Coal has had the largest share in Poland’s energy mix [7]. This share was more than 40% in 2020 but is decreasing every year. In 2019–2020 alone, the share of coal in primary energy consumption decreased by nearly 11% [8]. In addition to energy policy, the decrease in the share of coal has also been influenced by the prices of raw materials directly resulting from the high production costs in Polish mines [9]. These costs are related to many factors, among others, and they result from difficult operating conditions [10,11]. At present, the substitute for Polish fuel is coal from Russia. This obviously has had a negative impact on Poland’s energy security [12], the sustainable development of the country, and the natural environment. The authors believe that the solution in this case may be the use of Clean Coal Technologies (CCT), such as Carbon Capture and Storage (CCS) and Carbon Capture, Utilisation, and Storage (CCUS). CCTs are technological solutions that allow the level of efficiency to be increased in both the mining process, combustion, and coal processing. The authors are also working on a membrane technique to purify exhaust gases from the coal combustion process [13]. The proposed solution eliminates disadvantages of other CCT technologies, such as high financial expenditures. It also has the advantage of easy application and use [14,15].



The other fossil fuels that make up the energy mix, namely oil and natural gas, do not offer the possibility of ensuring security based on them alone. This, in particular, refers to crude oil, which is imported in almost 100%. Therefore, Poland faces a very serious challenge of ensuring energy security for its citizens based on available and secure sources of energy, while at the same time having to take into account and implement climate change restrictions. This is important not only from a legal point of view, and it is artificially imposed by the Government or the European Union. It is a necessary condition from the point of view of the health of Polish citizens. One has to remember that Poland is the leader in the ranking of the Global Health Observatory published by the World Health Organization (WHO). In 2016, among the 50 most polluted cities in Europe, 33 cities were located in Poland. Currently, the situation has not been better, and the most polluted city in Europe is Orzesze (Silesian Voivodeship) [16]. The purpose of this paper is to examine the impact of climate policy on the level of demand for domestic hard coal in Poland. Therefore, sustainable development indicators have been analysed, as well as indicators enabling verification of the impact of the power industry on the natural environment and their influence on the level of demand for hard coal in Poland. Factors that may have a significantly greater impact on the level of hard coal sales in Poland and worldwide in the near future were also identified. These factors may cause a change in the character of the development trend of the time series of demand for coal.




2. Materials and Methods


The set of indicators is based on data contained in the Eurostat database [17]. Sets of indicators relating to energy, its impact on the environment, climate change, and sustainable development were adopted for analysis. Thus, figures included in the indicators for Sustainable Development Goal 7, factors from the section on climate change energy, and factors from the section on environment and energy were also used. Some indicators were rejected because they were used repeatedly in several datasets and because data were incomplete. The indicators that were taken into account are presented in Figure 1. These include the following:




	
Imports (toe);



	
Exports (toe);



	
Gross available energy (toe);



	
Total energy supply (toe);



	
Primary energy consumption (toe);



	
Final energy consumption (toe);



	
Gross electricity production (toe);



	
Gross electricity production Solid fossil fuels (toe);



	
Final energy consumption in households per capita (KGOE);



	
Energy productivity (KGOE);



	
Greenhouse gas emissions intensity of energy consumption 2000 = 100;



	
Gross electricity production RES (toe);



	
Renewable consumption (Exajoules).








Figure 1b shows the intensity of greenhouse gas emissions of energy consumption 2000 = 100. The indicator was separated due to the percentage values that were not visible in relation to other indicators values. The indicator determines how many tonnes of CO2 equivalent related to energy production are emitted in a given economy per unit of energy consumed. The year 2000 is the base year, accounting for 100% (2000 = 100).



In 2000–2019, imports of energy carriers in Poland increased by more than 100%. At the same time, exports decreased, mainly due to a reduction in hard coal production. The demand for coal in this period decreased in Poland by about 50%. The total energy supply for all activities in the country increased by 16%. A similar situation refers in this case to the total energy supply, which increased by about 15%.



Electricity production, in turn, increased by 12%. The supply of energy had to increase due to the growing demand from year to year. Final energy consumption increased in the considered period by just under 30% and primary energy by around 15%. However, a change should be observed in the composition of the energy mix. The share of solid fossil fuels in electricity production has decreased by less than 15%. The gap between demand and supply is covered by energy productivity, which has increased by more than 70%, and by renewable energy sources for which its consumption has increased by more than 100 times. The production of electricity from renewable sources has increased six times. There has also been a decrease in greenhouse gas emissions, which have decreased by 15%. The demand for coal has fallen in Poland during the period by around 50%.



The ARMAX model was used to analyse the impact of these factors on coal demand and on forecast demand.



2.1. The ARMAX Model and Its Validation


The ARMAX—Autoregressive Moving Average with Exogenous Input—model is a discrete input–output model used for stochastic processes [18,19,20]. Model parameters are determined by minimising the mean square error.



The model can be characterised by the following equation:


     y  ( t )  =    ∑   i = 1    n a      a i  y  (  t − i  )      +    ∑   j = 1    n b      b j  u  (  t − j  )      +    ∑   k = 1    n c      c k  e  (  t − k  )  + e  ( t )      



(1)




where



y(t)—output signal sequence;



u(t)—input signal sequence;



   a i  ,    b j  ,    c k     —prediction coefficients;



n—order of predictor;



e(t)—white noise.



In addition, the model makes it possible to determine the character of the impact of explanatory variables on the explained variable. The following groups of factors can be distinguished here.



Stimulants—an increase in this type of variable has a positive effect on the dependent variable.



Destimulants—an increase in the variable adversely affects the dependent variable.



Nominants—the character of the variable depends on the nominal value [21].



The ARMAX model consists of an autoregressive component and a moving average. It makes it possible to verify dependencies between a dependent variable and a number of explanatory variables.



The indicators presented above were entered into the ARMAX model as explanatory variables. The explained variable was the volume of hard coal sales.



In order to verify the reliability of the model, information criteria were applied: Akaike (1), Schwarz (2), and Hannnan-Quinn (3). The model with the minimum value of the information criterion should be selected [22]:


  AIC = − 2 lnL  (  θ ^  )  + 2 K  



(2)






  BIC = − 2 lnL  (  θ ^  )  + Kln  ( n )   



(3)






  HQ = − 2 lnL  (  θ ^  )  + 2 Kln  (  lnn  )   



(4)




where



  L  (  θ ^  )   —model credibility function corrected by the penalty function—K model parameter function;



n—number of observations.



Depending on the “penalty”, the following models are considered appropriate:



With a big penalty—a sparingly parameterised model should be chosen;



With a small penalty—a model with more parameters might be chosen.



In the choice of the model, there should also be prediction models taken into account [23]. Since the use of a particular error measure may affect the quality of the model chosen, several indicators are usually used. For this purpose, the following can be used:



Mean Absolute Error (MAE) [24]:


  MAE =    ∑  i = 1  n   |   e t   |   n   



(5)




where



   e t   —forecast error.



Root Mean Square Error (RMSE) [25,26]:


  RMSE =      ∑  i = 1  n   e t 2   n     



(6)







Mean Absolute Percentage Error (MAPE) [27,28]:


  MAPE =    ∑  i = 1  n   |   e t  /  y t   |   n   



(7)




where



   y t   —value of the explained variable in the t period.



Theil’s Inequality Coefficient [29]:


  U =   RMSE      1 n   ∑  n = 1  n   y t    2    +    1 n   ∑  n = 1  n       y t   ^   2       



(8)




where



     y t   ^   —forecast of the explanatory variable in the t period.




2.2. ARIMA Model


The ARIMA model was used to forecast hard coal prices in the study [30,31]. ARIMA class models are models based on moving average and autoregression. The equation of the ARIMA model can be described as follows:



ARIMA model:


   y t  =  ϕ 1   y  t − 1   +  ϕ 2   y  t − 2   + … +  ϕ p   y  t − p   +  e t  +  θ 0  −  θ 1   e  t − 1   −  θ 2   e  t − 2   − … −  θ q   e  t − q    



(9)




where



   ϕ 0  ,  ϕ 1  , … ,  ϕ  t − p    ,    θ 0  , −  θ 1  , … , −  θ q   —model parameters;



   y t   —the value of the forecast variable in the t period;



   e t  ,  e  t − 1   , … ,  y  t − q    —the rest of the model in periods t,…t − q;



  p ,    q   —the quantity of delay.





3. Results and Discussion


In order to identify indicators influencing the demand for hard coal, they were entered into the ARMAX model. Data for the analysis were obtained from the Industrial Development Agency [32]. The table presents the parameters of the ARMAX (0,1,1) model. This is a moving average model. The time series was subjected to one-time differentiation in order to bring it to a stationary form. Out of dozens of models created, the model which had the lowest value of ex post errors and the lowest value of information criteria such as Hannan Qiunn Criterion (HQC), Akaike Criterion (AIC), and Bayesian Schwarz Criterion (BIC) was selected. The values of the information criterion indices and model errors are included in Table 1.



Table 2 contains only the explanatory variables that were finally used to build the model. The variables were verified for statistical significance. Finally, out of a set of fourteen indicators, five were used. The remaining ones were not considered significant. This has been indicated by asterisks in the column “probability”. Additionally, the character of the explanatory variables was also determined. Where the value of a model parameter is positive, the variable should be considered as a stimulant. On the other hand, a negative value of the parameter means a destimulant. The indicators for which their growth will cause an increase in hard coal sales are Gross Available Energy, Gross electricity production, and Final energy consumption if households per capita are connected with the indicators above. On the other hand, indicators for which their increase will cause a decrease in the level of coal sales are energy imports and total energy supply.



When deciding whether a variable is statistically significant, attention should be paid to the value of the Student’s t-test statistic and the level of p. If   p ≤ α  , the null hypothesis of non-significance of the variable should be rejected, and the alternative hypothesis of significance of the variable should be accepted instead. If   p > α   there is no reason to reject the null hypothesis of non-significance.



Since two similar indicators were indicated as statistically significant during the analysis (gross available energy and total energy supply), of which one was a stimulant and the other a destimulant, sensitivity analysis of the model was carried out in two variants:




	
Both the gross available energy and total energy supply were removed from the model, resulting in a failure to build the model. The convergence criterion was not reached.



	
Gross available energy was removed—the difference in forecasts between the adopted model and the modified model was small, averaging 2% (Table 3).








Total energy supply is the main explanatory variable. On the other hand, entering the gross available energy into the model is optional and has no impact on the explanatory context.



Building an accurate and reliable forecast is the basis for effective planning of coal production tailored to fuel demand. It provides access to information on the necessary level of future production. The level of production factors required can, therefore, be planned in advance. This makes it possible to optimise employment, production capacity, and reduce production costs. The results of the forecast, as well as empirical data on the volume of hard coal sales in Poland, are presented in Figure 2. The forecast indicates that if the trend of indicators that influence the level of demand for coal does not change, demand will fall. The forecast was made up to 2022. In this time horizon, compared to the last known observation, the sales volume will decrease by approximately 9%.



However, at present, this situation may change due to the growing demand for coal in the world markets. The opportunity for Polish coal companies may be provided mainly by the sale of fuel for export.



Price and Sales of Hard Coal


The decreasing demand for coal in Poland is in line with the policy of the country and also of the European Union. Additionally, high prices of domestic raw materials resulted in fuel being noncompetitive on foreign markets and even on the domestic market.



Ongoing restructuring of the mining industry resulted in a huge reduction in output and employment in the hard coal mining sector. This resulted in a situation where Poland became an importer of coal. However, since May 2020, coal prices on global markets have been steadily rising (Figure 3). In October 2021, fuel reached a record price of USD 280/Mg. This development was affected primarily by the recovery of economies and industrial production after the lockdown caused by the SARS-CoV-2 pandemic. Additionally, coal prices increased due to fuel shortages, especially in China, where it is the basis of the energy system. This may represent an opportunity for Polish coal companies.



The Polish coal market, on the other hand, is significantly lagged and does not react dynamically to changes in fuel prices on foreign markets. This is caused by long-term fuel contracts concluded by coal companies with their strategic customers. Therefore, the demand for domestic coal is growing mainly due to domestic power plants and heating plants, which purchase Polish fuel before winter at currently favourable prices (Figure 4).



Figure 5 presents a comparison of the CIF ARA coal prices and the Polish PSCMI 1 index. The Polish Steam Coal Market Index (PSCMI 1) is a price index for benchmark steam coal mined by domestic producers and sold on the domestic energy market. The index is based on monthly data and expresses the price of hard coal sales in terms of quality optimized for the needs of customers [34,35].



The data presented cover the period January 2020–October 2021. Therefore, the PSCMI 1 index has not reacted to a change in the time series trend of coal prices (Figure 5a). In order to clearly define the trend shaping the PSCMI 1 index in Figure 5b, an auxiliary axis was used for this index. This tendency is not visible in Figure 5a due to high values of CIF ARA prices. PSCMI 1 is falling due to its inflexibility. This, in turn, is caused by long-term contracts, in which prices are usually shaped in advance for the entire year. The lack of flexibility of the PSCMI 1 index on which the price formulas used in long-term contracts are based, on the one hand, allows fuel to be supplied to customers at a favourable price. On the other hand, it poses a threat to the profitability of coal companies. Rising energy and material prices (accounting for approximately 20% of total costs) translate into higher fuel production costs, but company revenue remains at the same level.



As the prices of other fossil fuels, namely oil and natural gas, have also been on the rise, coal has once again become an attractive alternative for many European power and heating plants. This, in turn, translated into a doubling of Russian coal prices in the last six months. It should be mentioned that it was Russian coal that competed with Polish coal on the domestic market, which was caused by the lower price of imported fuel. Therefore, the authors made a forecast of hard coal prices for the next 12 months. This made it possible to verify the level of coal prices in the near future, as well as to optimally plan the sources of fuel acquisition. The ARIMA model (2,1,2) was used to build the forecast.



The information criteria and model errors are presented in Table 4. MAPE error is 6.5%, which means that the model might be considered reliable.



The forecast presented in Figure 6 indicates that, over the next few months, the upward trend in coal prices will continue and then stabilise. The forecast was made to present the development trend of the analysed phenomenon. The confidence interval of the forecast widens (and this is a natural phenomenon) because the forecast was made for 12 months, and 12 steps forward is a distant time horizon. Therefore, Figure 6 also presents the confidence interval (95%). It represents the range in which the price of coal may move. It can be applied in the case of scenario planning, which would be appropriate for forecasts used by coal companies.



Therefore, it would be beneficial for Polish mines to flexibly adjust their production levels to changes in fuel demand, as well as to make the system for setting fuel prices on the domestic market more flexible.





4. Conclusions


The article examines the impact of factors that will determine the future of hard coal in the energy mix of Poland. The conducted analysis and used models indicate that demand for this fossil fuel in Poland will be decreasing in the nearest future. It is obviously connected with the climate policy in Poland. However, it should be remembered that Polish fuel on the market has been replaced with imported coal, mainly from Russia. This makes Poland increasingly dependent in energy terms on a country that is not part of the European Union and is politically unstable. It should be remembered that most of the imported natural gas and crude oil used in Poland comes from the same source. Should the situation on the fuel market change, the abandonment of domestic fuel in favour of imported fuel will also generate additional problems. Rising coal prices from Russia have made consumers turn back to Polish fuel, which is, firstly, competitively priced and, secondly, available. This was possible due to coal reserves. However, further reductions in the capacity of mines in the future may result in an energy crisis—a shortage of fuel or the need to purchase it at high prices. It should be noted that, in times of economic prosperity for coal, coal companies can supply fuel to foreign customers, which will eliminate problems associated with its combustion in Poland. It should, however, be underlined that Poland, as a country which has significant deposits of hard coal and lignite and for which its energy system is based on coal, should concentrate its activities and investments on developing technology that would enable coal to be burned in an efficient, economical, and, most importantly, environmentally friendly manner. It is not the fuel that is the problem, but the imperfections of its combustion process. It is important to allocate funds obtained during the economic boom to investment. This will make it possible to modernise and properly plan the production process, thereby reducing extraction costs. This, in turn, will make it possible to achieve a profit in periods of economic downturn, which, due to the cyclical nature of this phenomenon, will certainly come. The said solutions are particularly important in terms of energy security, which is the basis for the stable economic development of the country. The energy sector is a strategic area determining the development and stability of the country, which should be modernised and developed because it will determine the further development of the Polish economy, as well as society.
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Figure 1. Indicators introduced into the ARMAX model (a); greenhouse gas emissions intensity of energy consumption 2000 = 100 (b) [17]. 
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Figure 2. Hard coal demand forecast using the ARMAX (0,1,1) model. 
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Figure 3. Coal Price (API2) CIF ARA (ARGUS-McCloskey) Futures—(MTFc1) [33]. 
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Figure 4. Hard coal demand in Poland in the period 1 January 2020–8 January 2021 and the linear trend of the time series [32]. 
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Figure 5. CIF ARA hard coal prices and the PSCMI 1 indicator [32]. (a) one y axis; (b) an auxiliary axis. 
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Figure 6. Hard coal price forecast until 10 January 2022. 
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Table 1. Parameters of the ARMAX (0,1,1) model.






Table 1. Parameters of the ARMAX (0,1,1) model.





	Index
	Index Value





	Akaike Information Criterion
	628



	Hannan Qiunn information criterion
	630



	Bayesian Information Criterion
	638



	MAE
	1,724,000



	RMSE
	2,271,000



	MAPE, %
	2



	Theil’s Coefficient, %
	0.37
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Table 2. ARMAC mode parameters (0,1,1) and evaluation of their character.






Table 2. ARMAC mode parameters (0,1,1) and evaluation of their character.





	Model Parameter
	Parameter Value
	Standard Error
	Probability
	Character of the Variable





	Theta_1
	−1
	0,15
	2.54 × 10−12 ***
	-



	Import, toe
	−2460
	1045
	0.018 **
	destimulant



	Gross available energy, toe
	15,968
	7847
	0.04 **
	stimulant



	Total energy supply, toe
	−14,902
	8457
	0.08 *
	destimulant



	Gross electricity production, toe
	7272
	3361
	0.03 **
	stimulant



	Final energy consumption in households per capita, KGOE
	116,294
	52,842
	0.03 **
	stimulant







The number of stars in the last column of the table indicates: *** p < 0.01, ** indicates p < 0.05, * indicates p < 0.1.
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Table 3. The difference in forecasts between the adopted model and variant 2.
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	Year
	Difference





	2021
	1.9%



	2022
	2.4%
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Table 4. Information criteria and ARIMA (2,1,2) model errors.






Table 4. Information criteria and ARIMA (2,1,2) model errors.





	Index
	Index Value





	Akaike Information Criterion
	504



	Hannan Qiunn information criterion
	509



	Bayesian Information Criterion
	515



	MAE
	5.25



	RMSE
	8.64



	MAPE, %
	6.5



	Theil’s Coefficient, %
	0.93
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