
energies

Article

The Use of Artificial Neural Networks to Analyze
Greenhouse Gas and Air Pollutant Emissions from the
Mining and Quarrying Sector in the European Union

Jarosław Brodny 1 and Magdalena Tutak 2,*
1 Faculty of Organization and Management, Silesian University of Technology, 44-100 Gliwice, Poland;

jaroslaw.brodny@polsl.pl
2 Faculty of Mining, Safety Engineering and Industrial Automation, Silesian University of Technology,

44-100 Gliwice, Poland
* Correspondence: magdalena.tutak@polsl.pl; Tel.: +48-32-2372528

Received: 22 March 2020; Accepted: 9 April 2020; Published: 14 April 2020
����������
�������

Abstract: The European Union (EU) is considered one of the most economically developed regions
worldwide. It was driven by the mining industry for several decades. Despite certain changes in this
area, a number of mineral and energy resources are still being mined in the EU. Nevertheless, mining
activities are accompanied by many unfavorable phenomena, especially for the environment, such as
greenhouse gas and air pollutant emissions. The great diversity of the EU countries in terms of the size
of the “mining and quarrying” sector means that both the volume and structure of these emissions in
individual countries varies. In order to assess the current state of affairs, research was conducted to
look at the structure and volume of these emissions in individual EU countries. The aim of the study
was to divide these countries into homogenous groups by structure and volume of studied emissions.
In order to reflect both the specificity and diversity of the EU countries, this division was based on the
seven most important gases (CO2, CH4, N2O, NH3, NMVOC, CO, NOx) and two types of particulate
matter (PM 2.5, PM 10) emitted into the atmosphere from the sector in question. The volume of
studied emissions was also compared to the number of inhabitants of each EU country and the gross
value added (GVA) by the mining and quarrying sector. This approach enabled a new and broader
view on the issue of gas and air pollutant emissions associated with mining activities. The artificial
Kohonen’s neural networks were used for the analysis. The developed method, the analyses and the
results constitute a new approach to studying such emissions in the EU. Research that looks only
at the emission of harmful substances into the environment in relation to their absolute values fail
to fully reflect the complexity of this problem in individual EU countries. The presented approach
and the results should broaden the knowledge in the field of harmful substance emissions from
the mining and quarrying sector, which should be utilized in the process of implementing the new
European climate strategy referred to as “The European Green Deal”.

Keywords: mining and quarrying sector; European Green Deal; greenhouse gas and air pollutant
emissions; atmosphere; sustainable development; European Union Countries

1. Introduction

In recent years, a significant increase in social awareness of environmental protection has been
observed. This mainly applies to the concept of sustainable development, which has been met with
great social approval, especially in developed countries. According to this concept, sustainable
development does not disturb existing ecosystems in which people live [1–3]. Processes taking place in
these ecosystems determine whether they can maintain a balance favorable to the life and development
of both present and future generations.
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However, dynamic socio-economic development increases the demand for energy and mineral
resources used in virtually all sectors of the economy [4–10]. Unfortunately, in most cases, the exploitation
of these raw materials is associated with a very negative impact on the environment [11–15]. In the context
of the idea of sustainable development and the European Green Deal strategy, the mining industry,
among other sectors, should try to limit its negative impact on the environment. The exploitation
of raw materials should therefore respect the principles of rational and economical extraction and
use [16].

It is obvious, however, that the mining industry is one of the basic pillars of economic development
throughout the world, including European Union (EU) countries [17–19]. Also, in the coming years,
despite current changes, the developing global economy will generate an increasing demand for
various types of raw materials. This, in turn, causes an increasing threat to the natural environment.

Mining industry, according to the Statistical Classification of Economic Activities in the European
Community, Rev. 2 [20], referred to as mining and quarrying, is associated with all activities that
involve the extraction of minerals in the rock mass in the form of solids (e.g., coal and ores), liquids
(e.g., oil), and gases (e.g., natural gas). This sector also involves activities concerned with the search for
mineral deposits, also including all other mining and quarrying support activities [20].

Although the importance of the mining industry has slightly decreased in EU countries, it still
constitutes a crucial sector of the economy. Both mineral and energy raw materials extracted in EU
countries make it possible to significantly satisfy their energy needs (e.g., Poland, Germany) [21–27]
and provide raw materials used in almost all economic sectors (construction, chemical, pharmaceutical,
space, automotive, electronic, and other industries) [28]. Contemporary economies of both developing
and developed countries cannot function without gas, oil, iron ore, or copper. Today, these raw
materials are treated as strategic products in many countries [29].

In recent years, an increase in the extraction of mineral resources has been reported globally.
However, in Europe, a decrease in this extraction has been observed (Figure 1) [30]. This is mainly
due to the decarbonization of the energy sector, which results in a decrease in coal production [31–34].
These changes in the volume of extraction of raw materials on individual continents can be noted in
the diagram presented in Figure 1.
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It is obvious that at present, the development of our civilization is really dependent on
non-renewable natural resources. Despite the emerging new technical solutions and innovative
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technologies, this situation will not change for many years to come. On the other hand, the growing
social awareness and the effects of previous activities in this area indicate that a more ecological
approach of this industry is necessary. The mining and quarrying sector is one of the largest emitters of
all pollutants, including greenhouse gases. Each year, this industry emits millions of tons of substances
into the atmosphere in the form of greenhouse gases and harmful dusts [35–38]. These substances
have a very negative influence on human life, health and the surrounding ecosystem.

The growing public awareness and obvious negative effects of this activity has led to intensive
efforts to reduce the negative impact of man on the environment. In 1997, a protocol on greenhouse gas
emissions was adopted in Kyoto (Japan) [39], which entered into force on 16 February, 2005. According
to this protocol, greenhouse gases include carbon dioxide, methane, freons, steam, nitrous oxide, ozone,
halon, and industrial gases (HFC, PFC, SF6). In order to meet the obligations under the Kyoto Protocol,
the EU has developed a system for measuring and limiting greenhouse gas emissions and introduced
the so-called emission trading system (ETS), as well as clean development mechanism (CDM). In order
to prevent dangerous climate change, in October 2014, the heads of the EU countries and governments
adopted new climate and energy goals for 2030. They included, for example, reducing greenhouse gas
emissions in the EU by at least 40% compared to 1990 levels by 2030 [40].

In December 2019, the EU adopted a program under which the EU should become the world’s
largest climate neutral region by 2050. The actions taken under the European Green Deal, which
is the new European Union strategy for environmental protection and combating climate change,
are supposed to allow for the achievement of this goal [41].

One of the assumptions of this plan is to significantly decrease coal production. In many countries,
especially those whose energy is based on coal, this idea is of great concern. It is undisputable that the
energy sector based on renewable (alternative) sources is very expensive and not all countries are able
to introduce the proposed changes by 2050 [41,42].

On the other hand, in terms of reducing emissions into the atmosphere, representatives of EU
Member States approved in 2016 new limits for air pollution, including particulates and nitrogen
oxides. On this basis, the National Emission Ceilings Directive has been amended [43]. The provisions
of this directive contain obligations to limit the emissions of sulfur dioxide (SO2), nitrogen oxides
(NOx), non-methane volatile organic compounds (NMVOC), ammonia, and fine particles (less than
2.5 micrometers in diameter). With the new commitments, by 2030, deaths caused by inadequate air
quality are expected to be halved [44]. However, from 2030, emission limits for harmful compounds
are to be even lower than those set for 2020–2029. The adopted concept of the European Green Deal
also provides for measures to reduce emissions of air pollutants to protect people’s lives and health.

The adopted assumptions and actions to reduce greenhouse gas and air pollutant emissions are
reported to bring noticeable effects. They are mainly caused by the decarbonization of the EU countries
and the closure of coal mines [31,32].

Between 2008–2017, greenhouse gas emissions from the mining and quarrying sector were reduced
by around 24%, while air pollution-by around 26%. Changes in the volume of these emissions between
2008–2017 are shown in Figure 2.
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However, the dynamics of these changes differ from one EU country to another. It mainly
depends on the environmental policy of individual countries, their wealth, and social awareness.
The volume of extraction has also been reported to have a significant impact, especially of those
minerals, the exploitation of which is accompanied by the significant production of greenhouse gases
and air pollutants.

Unfortunately, the emission of harmful substances into the atmosphere is a problem observed
in all mining basins in the world. On the other hand, especially in the EU, more and more decisive
actions are being taken to conduct sustainable mining, accompanied by lower energy consumption
and lower production of both greenhouse gases and waste [46–48].

Significant differences are reported in this respect in individual EU countries, depending on the
level of wealth and awareness of their societies, as well as technological development. Nevertheless, it is
undisputable that all measures should be implemented to reduce the emission of harmful substances
into the atmosphere, including those from the mining and quarrying sector.

Research on greenhouse gas and air pollutant emissions are most often considered separately in
the context of their impact on the environment [46–48], society and its health [49], and economy [50].
On the other hand, studies related to the impact of the mining and quarrying sector on the state of the
environment concern various aspects of these phenomena. They usually cover issues related to the
impact of this sector on the surface (including mining damage) or the generation of post-production
waste and the possibility of its use. These studies, although to a lesser extent, also determine the impact
of the mining and quarrying sector on air pollution with harmful substances and greenhouse gases.
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In the case of analyses that look at the impact of the mining and quarrying sector on the atmosphere,
a study by [51] presents the results of the assessment of the impact of the mining and quarrying sector
on the atmosphere in 12 EU countries. A life cycle assessment technique was used in this analysis.

A paper by Norgate and Haque [52] presents the results of the study related to the identification
of technological processes in iron ore and bauxite mining, which causes the largest greenhouse gas
emissions. Katta et al. in [53] presented the results of the study related to greenhouse gas emission
footprint for Canada’s iron, gold, and potash mining sectors. By contrast, Heinrich et al. [54] assessed
the fuel consumption and greenhouse gas and air pollutant emissions associated with manganese
nodule mining operation. A paper by Tutak and Brodny [15] presents the results of forecasting the
volume of methane emissions into the atmosphere from Polish hard coal mines until 2025. In turn, [55]
presents a global forecast for methane emissions up to 2100 from hard coal mines. Mirakovski et al. [56]
showed the results of the analyses related to the estimation of gas and air pollutants emitted into the
atmosphere from the mining industry in Macedonia.

When analyzing the presented studies, among other research, it can be concluded that so far,
no analyses have been carried out that would compare the volume of major greenhouse gas and air
pollutant emissions from the mining and quarrying sector by the EU Member States. Similarities
between these countries in terms of the emissions of these substances into the atmosphere have not
been determined either.

Such an analysis will enable the division of the EU countries into groups with similar structure
and volume of the emissions in question. This, in turn, should be used by EU institutions to direct
pro-ecological activities for such groups. It seems that such combination of countries together with
a common environmental policy could bring much greater effects than implementing this policy in
individual countries. The accumulation of financial resources, joint investments, and exchange of
experiences between countries with similar problems, including competition between them in some
areas, should definitely improve the effectiveness of the European climate policy. Such a policy seems
to be fully justified, at least in terms of the emissions of harmful substances from the mining and
quarrying sector.

This article presents a method developed to conduct such an analysis. Its purpose was to divide
the EU countries into homogenous groups in terms of the structure and volume of the emissions of
harmful substances from the mining and quarrying sector.

The practical purpose of this publication was to show, based on specific results, differences between
the EU countries. Undoubtedly, the results obtained should be used to create a more effective climate
policy in Europe. This policy should be targeted at groups of similar countries and specific sectors.
The division of countries into homogenous groups also creates opportunities for direct cooperation
between them. Such an approach should allow more efficient use of financial resources, and thus
convince both the societies and politicians of these countries of the necessary changes.

The analysis was carried out with the use of the Kohonen’s neural networks, in which learning is
based on a competitive self-organizing method.

The structure and volume of greenhouse gas and air pollutant emissions from the mining and
quarrying sector in the EU countries were characterized by nine variables. They involved seven
gases (carbon dioxide, methane, nitrous oxide, ammonia, non-methane volatile methane compounds,
nitrogen oxides, carbon monoxide) and two types of particulate matter (PM2.5 and PM10). Therefore,
they cover three main greenhouse gases (CO2, CH4, N2O) and six other air pollutants (NH3, NMVOC,
CO, PM2.5, PM10, NOx). The analysis was based on Eurostat data on the volume of the emissions of
studied substances in 2017 [45].

In addition, two more analyses were also conducted, taking into account the number of inhabitants
of individual countries and the gross value added (GVA) by the mining and quarrying sector.

This new approach to analyzing harmful substance emissions compared to the number of
inhabitants of a given country and the GVA aims to show the diversity of the EU countries and
different stages of implementation of the pro-ecological policy, as well as both economic possibilities
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and demographic potential of these countries. Undoubtedly, the results of such analysis can broaden
knowledge in the field of harmful substance emissions and indicate new groups of similarities between
the EU countries, not only based on absolute values but also on both demographic and economic
potential. It is obvious that limiting the emission of harmful substances requires many organizational
and economic activities as well as huge financial outlays. This means that not all EU countries have the
capacity to carry them out quickly. For this reason, the introduction of two additional factors to this
analysis significantly increases the possibility of developing a coherent and dedicated ecological policy.

As a result of the above analyses, the EU countries were divided into similar groups in terms of
greenhouse gas and air pollutant emissions and in terms of the amount of these substances per capita
and in relation to the GVA by the mining and quarrying sector.

As mentioned earlier, this is a new approach to studying emissions of harmful substances,
which enriches knowledge in this area and enables a more objective assessment of the possibilities of
implementing environmentally friendly policies. With regard to the EU countries and in the context of
introducing the European Green Deal idea, such information can be key when considering financial
assistance to achieve the assumed goals.

In addition, this study also compares the emissions of harmful substances in the EU countries
reported in 2008 and 2017. The purpose of this comparison was to show how individual countries have
been dealing with the problem of environmental pollution so far and what effects they have achieved.
The results of this analysis justify the fact that the process of reducing environmental pollution in the
EU countries should be studied deeper, also looking at the diversity of these countries and the state of
individual sectors of the economy.

2. Materials and Methods

2.1. Materials

In order to carry out a comparative analysis of the similarities between the EU countries in terms of
greenhouse gas and air pollutant emissions into the atmosphere from the mining and quarrying sector
(air emissions accounts by Statistical classification of economic activities in the European Community
(NACE) Rev. 2 activity [20]), data from the Eurostat database [45] was utilized. A detailed division of
the mining and quarrying sector into subsectors related to the type of extracted minerals is presented in
Figure 3a. In addition, Figure 3b summarizes the main sources of the emissions of harmful substances
from this sector.

Mining and quarrying include supplementary activities aimed at preparing the crude materials for
marketing, for example, crushing, grinding, cleaning, drying, sorting, concentrating ores, liquefaction
of natural gas, and agglomeration of solid fuels [57].

The comparative analysis involved nine basic substances emitted into the atmosphere by the EU
countries as a result of their mining activities (mining and quarrying sector). The analysis was based
on data on the volume of greenhouse gas and air pollutant emissions for 2017 (the latest available full
data). As already mentioned, the source of data used for the analysis was information published by
the Eurostat [45]. It contains a list of greenhouse gases and air pollutants emitted from the mining and
quarrying sector by 28 EU Member States. The data used for the analysis is summarized in Table 1.
It includes the total emissions of carbon dioxide, methane, nitrous oxide, ammonia, non-methane
volatile methane compounds, carbon monoxide, and nitric oxide as well as air pollutants such as
PM2.5 and PM10 in the EU countries in 2017.

Among the compounds adopted for the analysis, the greatest threat to human life and health is
associated with the emission of PM2.5 and PM10 as well as NOx compounds. They are emitted directly
into the atmosphere from various sources. Nitrogen oxides with the participation of volatile organic
compounds (VOC) and sunlight, as a result of chemical reactions, cause ozone formation. In turn,
PM10 and PM2.5 can be emitted into the atmosphere directly as primary air pollutants, or they can be
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formed as secondary air pollutants when the emissions of NOx, ammonia and non-methane organic
compounds (as well as other gases) cause their chemical reactions in the atmosphere [58].

The most adverse greenhouse gas emissions are CO2, CH4, and N2O. Given the amount of
greenhouse gas emissions from the mining and quarrying sector, methane ranks second behind carbon
dioxide, but its impact is 21–34 times greater than CO2 [59,60].
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Table 1. Gas and air pollutant emissions into the atmosphere by European Union (EU) countries from
the mining and quarrying sector in 2017 (own elaboration based on data from [45]).

EU Countries CO2 CH4 N2O NH3 NMVOC CO PM2.5 PM10 NOx

Tons

Belgium 433,861 1702.45 19.29 2.25 192.87 520.68 144.61 382.06 487.29
Bulgaria 210,595 5926.92 5.13 2.17 52.69 292.87 56.81 69 897.09

Czech Republic 3,860,303 137,416.73 49.26 13.71 7071.95 1121.23 867.99 2965.23 3065.32
Denmark 1,651,399 3211.84 175.83 38.6 2621.61 1112.58 298.77 1685.53 4779.32
Germany 3,828,832 98,801.29 526.48 41.65 1543.55 3130.04 2037.17 14,509.67 2887.52
Estonia 96,228 32.5 7.42 168.84 37.74 570.2 120.53 230.76 266
Ireland 156,630 1139.88 2.15 1.62 12.68 857.84 247.04 2028.85 206.58
Greece 346,184 941.9 7.66 0 7829.25 685.82 395.38 3161.46 45.39
Spain 1,689,841 5859.11 47.65 118.94 1575.5 2047.47 1009.12 4484.35 2362.43
France 969,308 3190.95 76.35 19.02 1664.1 1581.47 1467.98 11,275.17 3203.67
Croatia 519,028 5565.74 0.66 1 137.81 183.65 133.27 1204.05 72.17

Italy 4,012,708 17,884.95 497.8 3.76 2733.53 6272.96 377.18 384.6 6393.52
Cyprus 17,146 0.9 0.21 0.52 14.69 49.97 24.46 139.3 122.02
Latvia 35,679 2.02 5.59 0.92 32.86 157.45 100.1 870.68 234.27

Lithuania 9638 64.75 0.71 2.13 11 48.05 74.15 699.63 23.17
Luxembourg 7500 0.11 0.18 0.05 0.7 4.7 0.6 1.4 16.8

Hungary 453,066 13,188.71 3.62 0.5 873.64 209.19 257.47 2331.28 370.74
Malta 2617 0.84 0.07 0.01 1.15 2.06 0.34 0.5 3.92

Netherlands 1,920,552 21,154.31 43.94 0.84 4683.31 588.86 18.85 36.24 4105.5
Austria 916,042 5542.36 5.47 7.56 435.07 233.08 588.78 4973.34 1292.4
Poland 2,025,150 781,599.79 15.29 1.59 46,909.6 4720.08 1160.02 8609.09 6764.26

Portugal 245,200 795.4 5.3 1.3 2906.4 285.6 395.2 2751.1 1500.8
Romania 812,211 207,667.05 5.81 0.24 9889.12 108.35 503.8 4222.9 136.75
Slovenia 89,599 9193.43 3.19 0.11 1092.74 42.13 23.25 148.03 119.59

Slovak Republic 51,901 19,767.34 2.44 0.43 5569.97 90.56 14.47 107.35 92.31
Finland 439,148 18.77 6.28 0.35 269.71 1477.06 650.15 1161.75 1778.85
Sweden 1,096,431 648.45 26.98 14.67 186.75 1075.31 1276.33 1547.48 5095.98

United Kingdom 20,399,667 72,388.84 1305.59 51.29 73,708.94 42,656.2 3224.97 12,849.97 108,009.64

The values of harmful gas and air pollutant emissions (Table 1) were compared to the GVA by
the mining and quarrying sector (Table 2) and to the number of inhabitants of individual countries
(Table 3).

Table 2. Gas and air pollutant emissions into the atmosphere by the EU countries from the mining and
quarrying sector in 2017 compared to the GVA by the mining and quarrying sector (own elaboration
based on data from [45]).

EU Countries CO2 CH4 N2O NH3 NMVOC CO PM2.5 PM10 NOx

Tons/Million Euro

Belgium 848.831 23.889 0.021 0.009 0.212 1.180 0.229 0.278 3.616
Bulgaria 211.059 5.940 0.005 0.002 0.053 0.294 0.057 0.069 0.899

Czech Republic 3069.335 109.260 0.039 0.011 5.623 0.891 0.690 2.358 2.437
Denmark 570.707 1.110 0.061 0.013 0.906 0.384 0.103 0.583 1.652
Germany 898.365 23.182 0.124 0.010 0.362 0.734 0.478 3.404 0.678
Estonia 385.993 0.130 0.030 0.677 0.151 2.287 0.483 0.926 1.067
Ireland 218.178 1.588 0.003 0.002 0.018 1.195 0.344 2.826 0.288
Greece 433.380 1.179 0.010 0 9.801 0.859 0.495 3.958 0.057
Spain 824.715 2.859 0.023 0.058 0.769 0.999 0.492 2.189 1.153
France 524.517 1.727 0.041 0.010 0.900 0.856 0.794 6.101 1.734
Croatia 3318.593 35.587 0.004 0.006 0.881 1.174 0.852 7.699 0.461

Italy 968.201 4.315 0.120 0.001 0.660 1.514 0.091 0.093 1.543
Cyprus 1329.147 0.070 0.016 0.040 1.139 3.874 1.896 10.798 9.459
Latvia 301.343 0.017 0.047 0.008 0.278 1.330 0.845 7.354 1.979

Lithuania 84.322 0.566 0.006 0.019 0.096 0.420 0.649 6.121 0.203
Luxembourg 222.552 0.003 0.005 0.001 0.021 0.139 0.018 0.042 0.499

Hungary 2199.350 64.023 0.018 0.002 4.241 1.015 1.250 11.317 1.800
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Table 2. Cont.

EU Countries CO2 CH4 N2O NH3 NMVOC CO PM2.5 PM10 NOx

Tons/Million Euro

Malta 258.765 2.850 0.006 0.000 0.631 0.079 0.003 0.005 0.553
Netherlands 841.564 5.092 0.005 0.007 0.400 0.214 0.541 4.569 1.187

Austria 266.362 102.801 0.002 2.1 × 10−4 6.170 0.621 0.153 1.132 0.890
Poland 402.826 1.307 0.009 0.002 4.775 0.469 0.649 4.520 2.466

Portugal 661.625 169.165 0.005 2.0 × 10−4 8.056 0.088 0.410 3.440 0.111
Romania 646.457 66.331 0.023 0.001 7.884 0.304 0.168 1.068 0.863
Slovenia 163.057 62.103 0.008 0.001 17.499 0.285 0.045 0.337 0.290

Slovak Republic 467.179 0.020 0.007 3.7 × 10−4 0.287 1.571 0.692 1.236 1.892
Finland 413.904 0.245 0.010 0.006 0.070 0.406 0.482 0.584 1.924
Sweden 1452.275 5.153 0.093 0.004 5.247 3.037 0.230 0.915 7.689

United Kingdom 848.831 23.889 0.021 0.009 0.212 1.180 0.229 0.278 3.616

Table 3. Gas and air pollutant emissions into the atmosphere by the EU countries from the mining and
quarrying sector in 2017 compared to the population of individual countries (own elaboration based on
data from [45]).

EU Countries CO2 CH4 N2O NH3 NMVOC CO PM2.5 PM10 NOx

kg/Per Capita

Belgium 38.14 0.150 1.7 × 10−3 2.0 × 10−4 1.7 × 10−2 0.046 0.013 0.034 0.043
Bulgaria 29.76 0.838 7.3 × 10−4 3.1 × 10−4 7.5 × 10−3 0.041 0.008 0.010 0.127

Czech Republic 364.37 12.971 4.7 × 10−3 1.3 × 10−4 6.7 × 10−1 0.106 0.082 0.280 0.289
Denmark 286.45 0.557 3.1 × 10−2 6.7 × 10−4 4.5 × 10−1 0.193 0.052 0.292 0.829
Germany 46.32 1.195 6.4 × 10−3 5.0 × 10−4 1.9 × 10−2 0.038 0.025 0.176 0.035
Estonia 73.04 0.025 5.6 × 10−3 1.3 × 10−1 2.9 × 10−2 0.433 0.092 0.175 0.202
Ireland 32.58 0.237 4.5 × 10−4 3.4 × 10−4 2.6 × 10−3 0.178 0.051 0.422 0.043
Greece 32.19 0.088 7.1 × 10−4 0 7.3 × 10−1 0.064 0.037 0.294 0.004
Spain 36.27 0.126 1.0 × 10−4 2.6 × 10−3 3.4 × 10−2 0.044 0.022 0.096 0.051
France 14.50 0.048 1.1 × 10−3 2.8 × 10−4 2.5 × 10−2 0.024 0.022 0.169 0.048
Croatia 125.68 1.348 1.6 × 10−4 2.4 × 10−4 3.3 × 10−2 0.044 0.032 0.292 0.017

Italy 66.29 0.295 8.2 × 10−3 6.0 × 10−4 4.5 × 10−2 0.104 0.006 0.006 0.106
Cyprus 19.95 0.001 2.4 × 10−4 6.0 × 10−4 1.7 × 10−2 0.058 0.028 0.162 0.142
Latvia 18.37 0.001 2.9 × 10−3 4.7 × 10−4 1.7 × 10−2 0.081 0.052 0.448 0.121

Lithuania 3.41 0.023 2.5 × 10−4 7.5 × 10−4 3.9 × 10−3 0.017 0.026 0.247 0.008
Luxembourg 12.58 0.000 2.9 × 10−4 8.0 × 10−5 1.2 × 10−3 0.008 0.001 0.002 0.028

Hungary 46.29 1.347 3.7 × 10−4 5.0 × 10−5 8.9 × 10−2 0.021 0.026 0.238 0.038
Malta 5.59 0.002 1.5 × 10−4 3.0 × 10−5 2.5 × 10−3 0.004 0.001 0.001 0.008

Netherlands 112.11 1.235 2.6 × 10−3 5.0 × 10−5 2.7 × 10−1 0.034 0.001 0.002 0.240
Austria 104.12 0.630 6.2 × 10−4 8.6 × 10−4 4.9 × 10−2 0.026 0.067 0.565 0.147
Poland 53.33 20.582 4.0 × 10−4 4.0 × 10−5 1.200 0.124 0.031 0.227 0.178

Portugal 23.81 0.077 5.1 × 10−4 1.3 × 10−4 2.8 × 10−1 0.028 0.038 0.267 0.146
Romania 41.47 10.602 3.0 × 10−4 1.0 × 10−5 5.0 × 10−1 0.006 0.026 0.216 0.007
Slovenia 43.36 4.449 1.5 × 10−3 5.0 × 10−5 5.3 × 10−1 0.020 0.011 0.072 0.058

Slovak Republic 9.54 3.634 4.5 × 10−4 8.0 × 10−5 1.000 0.017 0.003 0.020 0.017
Finland 79.73 0.003 1.1 × 10−3 6.0 × 10−5 4.9 × 10−2 0.268 0.118 0.211 0.323
Sweden 109.01 0.064 2.7 × 10−3 1.5 × 10−3 1.9 × 10−2 0.107 0.127 0.154 0.507

United Kingdom 308.81 1.096 2.0 × 10−2 7.8 × 10−4 1.100 0.646 0.049 0.195 1.635

The diagnostic variables presented in Tables 1–3 were initially statistically analyzed and their
basic statistical parameters were determined (mean, maximum, minimum, standard deviations,
and coefficient of variation), which are summarized in Tables 4–8, respectively.
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Table 4. Basic statistical parameters of the absolute emission values of studied substances (own elaboration).

Variable Mean Median Min Max Sum Standard Deviation Coefficient of Variation Skewness Kurtosis

Tons %

CO2 1,653,445 446,107.0 2617.000 20,399,667 46,296,464 3,865,329 229.56 4.54 22.26
CH4 50,490 4377.1 0.110 781,600 1,413,707 151,304 294.27 4.53 21.93
N2O 102 6.0 0.070 1306 2846 271 261.94 3.73 15.12
NH3 18 1.6 0.000 169 494 39 215.94 3.05 9.52

NMVOC 6145 983.2 0.700 73709 172,059 15,953 254.93 3.66 13.51
CO 2504 545.4 2.060 42656 70,125 8005 313.89 5.02 25.92

PM2.5 552 278.1 0.340 3225 15,469 737 131.04 2.22 5.69
PM10 2958 1375.8 0.500 14510 82,831 4037 134.02 1.83 2.54
NOx 5512 692.2 3.920 108,010 154,333 20,193 359.76 5.20 27.35

Table 5. Basic statistical parameters of the emissions of studied substances in relation to the gross value added (GVA) by the mining and quarrying sector
(own elaboration).

Variable Mean Median Min Max Sum Standard Deviation Coefficient of Variation Skewness Kurtosis

Tons/Million Euro %

CO2 814.17 524.52 84.32 3318.59 21,982.60 828.62 101.77 2.05 3.85
CH4 25.57 2.86 3.3 × 10−3 169.17 690.51 43.11 168.60 2.04 3.95
N2O 0.03 0.01 2.0 × 10−3 0.12 0.74 0.03 100.00 1.91 2.94
NH3 0.03 3.7 × 10−3 0.0 0.68 0.89 0.13 433.33 5.11 26.40

NMVOC 2.86 0.77 0.02 17.50 77.13 4.17 145.80 2.03 4.71
CO 0.97 0.86 0.08 3.87 26.22 0.90 92.78 1.83 3.72

PM2.5 0.49 0.48 2.5 × 10−3 1.90 13.14 0.42 85.71 1.57 3.80
PM10 3.11 2.19 4.9 × 10−3 11.32 83.92 3.26 104.82 1.20 0.73
NOx 1.76 1.15 0.06 9.46 47.39 2.15 122.16 2.67 7.44
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Table 6. Basic statistical parameters of the emissions of studied substances in relation to the population of the EU countries (own elaboration).

Variable Mean Median Min Max Sum Standard Deviation Coefficient of Variation Skewness Kurtosis

kg/Per Capita %

CO2 76.324 42.413 3.407 364.371 2137.059 92.80 121.59 2.16 4.07
CH4 2.201 0.266 1.9 × 10−4 20.582 61.624 4.76 216.27 2.93 8.65
N2O 0.003 0.001 1.5 × 10−4 0.031 0.095 0.01 333.33 3.27 11.20
NH3 0.005 2.6 × 10−4 0 0.128 0.146 0.02 400.00 5.27 27.82

NMVOC 0.260 0.039 0.001 1.235 7.274 0.38 146.15 1.48 1.08
CO 0.099 0.044 0.004 0.646 2.781 0.14 141.41 2.77 8.29

PM2.5 0.037 0.027 0.001 0.127 1.045 0.03 81.08 1.30 1.32
PM10 0.188 0.185 0.001 0.565 5.272 0.14 74.47 0.62 0.38
NOx 0.193 0.082 0.004 1.635 5.396 0.33 170.98 3.45 13.36

Table 7. Division of the EU countries into homogenous groups by the total value of emissions of harmful substances together with the values of the activation function
(own elaboration).

Cluster 1 Value of the
Activation Function Cluster 2 Value of the

Activation Function Cluster 3 Value of the
Activation Function Cluster 4 Value of the

Activation Function

Belgium 0.079 Germany 0.834 Czech Republic 0.215 Estonia 0.588
Bulgaria 0.106 Poland 1.023 Denmark 0.193 Spain 0.136
Ireland 0.060 United Kingdom 1.330 Italy 0.308 France 0.659
Greece 0.159 Sweden 0.239
Croatia 0.041
Cyprus 0.110
Latvia 0.062

Lithuania 0.075
Luxembourg 0.122

Hungary 0.070
Malta 0.122

Netherlands 0.145
Austria 0.280

Portugal 0.114
Romania 0.343
Slovenia 0.105

Slovak Republic 0.118
Finland 0.144
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Table 8. The results of the statistical analysis regarding the absolute emission values of studied substances from the mining and quarrying sector for individual
clusters of the EU countries (own elaboration).

Cluster Substances Mean Median Min Max Standard Deviation Skewness Kurtosis Sum

1

CO2 370,366.5 227,897.5 2617.00 1,920,552.00 474,979.6 2.27 6.27 6,666,597
CH4 16259.6 1421.2 0.11 207,667.05 48,243.3 4.11 17.17 292,673
N2O 6.5 4.4 0.07 43.94 10.3 3.18 11.02 118
NH3 1.2 0.7 0.00 7.56 1.8 3.04 10.77 22

NMVOC 1889.2 231.3 0.70 9889.12 3053.8 1.69 1.88 34,006
CO 324.3 196.4 2.06 1477.06 380.6 1.91 4.04 5838

PM2.5 201.6 116.7 0.34 650.15 215.7 0.95 −0.41 3629
PM10 1349.4 785.2 0.50 4973.34 1556.0 1.15 0.34 24,289
NOx 639.2 171.7 3.92 4105.50 1027.0 2.58 7.53 11,506

2

CO2 8,751,216 3,828,832 2,025,150 20,399,667 10,128,086 1.67 - 26,253,649
CH4 317,597 98801 72,389 781,600 402,055 1.72 - 952,790
N2O 616 526 15 1306 650 0.61 - 1847
NH3 32 42 2 51 26 −1.48 - 95

NMVOC 40,721 46910 1544 73,709 36,479 −0.74 - 122,162
CO 16,835 4720 3130 42,656 22,376 1.72 - 50,506

PM2.5 2141 2037 1160 3225 1036 0.45 - 6422
PM10 11,990 12850 8609 14,510 3043 −1.17 - 35,969
NOx 39,220 6764 2888 108,010 59,605 1.72 - 117,661

3

CO2 2,655,210 2,755,851 1,096,431 4,012,708 1,498,052 −0.11 −5.28 10,620,841
CH4 39,790 10548 648 137,417 65,526 1.92 3.71 159,161.97
N2O 187 113 27 498 217 1.51 1.98 749.87
NH3 18 14 4 39 15 1.31 2.47 70.74

NMVOC 3153 2678 187 7072 2864 0.96 2.01 12,613.84
CO 2396 1117 1075 6273 2585 2.00 4.00 9582.08

PM2.5 705 623 299 1276 457 0.62 −2.30 2820.27
PM10 1646 1617 385 2965 1056 0.16 1.43 6582.84
NOx 4834 4938 3065 6394 1370 −0.44 1.35 19,334.14

4

CO2 918,459.0 969,308.0 96,228.00 1,689,841 798,022.4 −0.29 - 2,755,377
CH4 3027.5 3191.0 32.50 5859 2916.7 −0.25 - 9083
N2O 43.8 47.7 7.42 76 34.6 −0.49 - 131
NH3 102.3 118.9 19.02 169 76.3 −0.94 - 307

NMVOC 1092.4 1575.5 37.74 1664 914.5 −1.71 - 3277
CO 1399.7 1581.5 570.20 2047 755.2 −1.02 - 4199

PM2.5 865.9 1009.1 120.53 1468 685.1 −0.90 - 2598
PM10 5330.1 4484.4 230.76 11,275 5570.6 0.67 - 15,990
NOx 1944.0 2362.4 266.00 3204 1512.9 −1.15 - 5832
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Based on the results, it can be concluded that the substances selected for the analysis meet the
condition of diagnostic features, which must be marked by significant differentiation. For these
(variables) substances, the values of the coefficients of variation are characterized by a wide range.
The highest value of the coefficient of variation was reported for the NH3 emissions versus the GVA
by the mining and quarrying sector and the number of inhabitants (respectively 433.33% and 400%).
The smallest values of the coefficient of variation were reported for air pollutant emissions such as
PM10 (74.47%) and PM2.5 (81.08%) versus the number of inhabitants.

The data presented in Tables 1–3 was used for further analysis, the purpose of which was to divide
the EU countries into homogenous groups by the absolute value of the emissions of selected substances
and their relative values compared to the GVA and the number of inhabitants of individual countries.

2.2. Methods

Kohonen’s artificial neural networks were used to determine similarities between individual EU
countries in terms of previously presented criteria. This network is a type of network without a teacher
(the so-called self-learning network). It has no prior information about the existence of a cluster in
a data set during the learning process. It consists of a self-organizing system capable of displaying
multidimensional data in a small space, in particular two-dimensional space, which facilitates the
interpretation of the data set without losing the original information [61–64].

Both the visualization and interpretation of the Kohonen’s network allows users to assume that
all cases (objects) located in the same neuron or in its surroundings are considered similar depending
on the studied features (variables). This presentation scheme enables easy detection of similarities
between cases (objects) in clusters classifying similar objects, as well as the identification of outliers.

Kohonen’s neural networks are made up of one layer of a neuron arranged in a two-dimensional
system (other systems are also possible). Figure 4 shows a general diagram of the Kohonen’s network,
where neurons can be represented by columns in a frame, containing, as weight levels, a number of
input vector elements (x) that correspond to the values of variable data for a given sample.
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In the presented analysis, vector (x) corresponds to the values of variables for each object.
All neurons contain a specific number of weights (w), which is the same for each neuron, in accordance
with the dimensions of the input vectors (x), i.e., the number of variables in the study. In other words,
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each neuron can be represented by a vector of dimensional (d) weights (w) = [w1, w2, . . . , wd], where d
is the dimension of the input vectors (x) (Figure 4) [65].

The weights can then be defined as number vectors, where each number is associated with a
specific input vector variable (x).

According to the weight values that are estimated by the neural network, specific variables in the
object (country) will be more representative for the description of this object and its location in a given
neuron. Output data is calculated based on the estimation of the distance between each input vector
(x) and all weight vectors (w), according to Equation (1), where j is a specific neuron, n is the number of
neurons, m is the number of weights by neuron, and s is a specific entry.

Output←

 m∑
i=1

(
xsi −w ji

)2
 j = 1, 2 . . . n (1)

During training, a winning neuron is selected based on the proximity between its weight vector
(w) and input vector (x). The winning neuron is the one that has the smallest difference between
the values of w and x, according to Equation (1). The process of training Kohonen’s neural network
is based on competitive science, because active layer neurons compete for activation, provided that
only one neuron is selected after each entry. This competitive strategy promotes the identification of
important functions in detecting input patterns [66–71].

Each neuron is represented by an m-dimensional weight vector w = [w1, . . . , wm], where m is
equal to the dimension of the input vectors [66–71].

The Kohonen’s network training algorithm consists of the following stages [72,73]:

(1) to determine the dimensions of the network;
(2) to initiate first weight vectors;
(3) to choose a training case (observation);
(4) to calculate the value of the decision function for all neurons and select the winning neuron;
(5) to determine neurons neighboring the winning neuron based on the value of the neighborhood

function;
(6) to adjust the neighboring neuron weights using the training factor (so-called adaptation);
(7) to modify training rate and neighborhood size;
(8) to return to the implementation of point 2 if the conditions for completing network training are

not met.

In order to calculate the distance between input data (x) and neuron weights (w), the Euclidean
measure is used, determined from the following relationship:

d(x, w) =

√√√ k∑
i=1

(
xi j −wi j

)2
(2)

The analysis was conducted using the Artificial Neural Networks toolbox in Statistica 13.3 Software.

3. Results

Based on data on the studied emissions by individual EU countries as well as the number of their
inhabitants and the GVA, calculations were made using the created homogenous groups. The division
into groups was carried out for three criteria. The results of these analyses are presented in Section 3.2.
In addition, greenhouse gas and air pollutant emissions from the mining and quarrying sector were
compared for the years 2008 and 2017. The results of this analysis are presented in Section 3.1.
The purpose of this comparison was to determine the changes that occurred in the EU countries during
this period.
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3.1. Comparative Analysis of the Emissions of Harmful Substances in 2008 and 2017

The EU’s plans to reduce the emissions of harmful substances under the idea of the European
Green Deal should be considered immensely ambitious. Their implementation will undoubtedly
require large financial resources as well as organizational and technological changes in many countries.
With regard to the possibility of achieving the assumed goals, it is worth analyzing the changes that have
taken place in EU countries in recent years. In order to determine these changes, a comparative analysis
of studied emissions was carried out in individual EU countries for the years 2008 and 2017. The results
of this comparison are presented in Figure 5. The GHG abbreviation entails greenhouse gases.Energies 2020, 13, x FOR PEER REVIEW 14 of 30 
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When analyzing the values of greenhouse gas and air pollutant emissions from the mining
and quarrying sector in all EU countries (Figure 2), it can be concluded that between 2008 and 2017
(assuming that emission in 2008 equals 100%), the emission of studied gases was reduced by the EU
countries by a total of around 24% for greenhouse gases and by 29% for air pollutants. The largest
noticeable decrease (Figure 2) in terms of greenhouse gas and air pollutant emissions was reported
between 2008 and 2009. Such a significant reduction in greenhouse gas and air pollutant emissions
was caused mainly by the global economic crisis. In this context, it will also be very interesting to
determine what impact the current economic downturn due to the COVID-19 pandemic will have on
this emission in subsequent years.

However, when studying the percentage changes in greenhouse gas and air pollutant emissions
in individual EU countries (Figure 5), a huge diversity of this process can be observed. In 4 countries
(Finland, Sweden, Italy, and Luxembourg), even an increase in greenhouse gas emissions was reported.
In Luxembourg, the emission of greenhouse gases included in the analysis was reported to have
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increased by more than 50% between 2008 and 2017, while in Italy and Sweden by more than 40%,
and in Finland by more than 20%. These increases are undoubtedly a very negative example of
pro-ecological activities. Nevertheless, these results indicate that the process of achieving climate
neutrality by 2050 will be very difficult to achieve by all EU countries.

On the other hand, in this period, none of the EU countries recorded an increase in the emissions
of other gas and air pollutants from the mining and quarrying sector.

In terms of reducing greenhouse gas and air pollutant emissions from the mining and quarrying
sector, Estonia (98% reduction) as well as Cyprus and Denmark (over 80% reduction) were reported to
have achieved the best results.

In turn, in the case of reducing greenhouse gas emissions, Spain was found to show the most
favorable results, reducing its emissions by over 65% and Greece by 54%.

In several countries, the reduction of greenhouse gas emissions, as well as other gas and air
pollutant emissions into the atmosphere is associated with a decrease in coal production (e.g., Poland,
the Czech Republic).

The analysis of the results clearly indicates a great diversity of the EU countries in the field of
the emissions of harmful substances and the effectiveness of actions undertaken to decrease these
emissions. The choice of the mining and quarrying sector for analysis is justified, as it is traditionally a
high-carbon sector. Thus, reduced emissions in this sector should be a very positive example both for
other sectors of the EU economy and other regions, including non-EU countries.

3.2. Analysis of Similarities Between the EU Countries in Terms of Greenhouse Gas and Air Pollutant
Emissions by the Mining and Quarrying Sector in 2017

Based on the presented data on greenhouse gas and air pollutant emissions into the atmosphere
from the mining and quarrying sector (Tables 1–3) and based on the method discussed above, research
was carried out, the results of which are presented in this chapter.

Based on the calculations, 28 EU countries were divided into clusters that consisted of the most
similar countries in terms of the amount of studied emissions into the atmosphere. The analysis was
carried out in terms of the absolute values of these substances and by comparing these emissions to
the number of inhabitants and the GVA of individual countries. As already mentioned, the analysis
involved data on the emissions of harmful substances for 2017 [45]. The following sections present the
results of these analyses.

3.2.1. Analysis of Similarities between the EU Countries in Terms of the Absolute Emission Values of
Harmful Substances in 2017

The first analysis covered the grouping of the EU countries by the absolute volume of emissions
of studied gases and dusts from the mining and quarrying sector based on data from 2017.

The first step was to determine the dimensions of the topological map, i.e., the output layer of the
neural network. The number of neurons of the topological grid was determined based on the following
equation [74]:

k �

√
n
2

(3)

where: k is the number of clusters, n is the number of cases (countries).
According to Equation (3), the topological map dimension was determined, which consisted of

4 clusters (groups) and formed a square grid.
Based on the similarities in the volume of the emissions of studied gases and air pollutants in 2017,

the composition of clusters (groups) was determined, which is presented in Table 7 together with the
activation value. It should be emphasized, however, that each diagnostic variable, i.e., each analyzed
greenhouse gas and air pollution, had an ultimate impact on the grouping of the EU countries into
homogeneous clusters in terms of the structure and volume of studied emissions from the mining and
quarrying sector.
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Countries located within one cluster (group) are the most similar to each other in terms of
the emissions of studied substances from the mining and quarrying sector, and at the same time
significantly different from countries in other clusters. Simultaneously, countries in the same cluster
(group) show the greatest similarity to each other when they are in its central part. The further the
country from a given cluster is from its center, the less similar it is to the countries in its central part.
At the same time, assigning such a country to another cluster would be unfounded due to the lack of
similarity to the countries in that cluster.

The distribution of countries in the created clusters (groups) based on the activation value is
shown on the topological map in Figure 6.Energies 2020, 13, x FOR PEER REVIEW 16 of 30 
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When analyzing the distribution of the EU countries on the topological map, it can be seen that
the countries from cluster 2 (Germany, Poland, UK) show the largest internal differentiation, and the
countries from cluster 1 (e.g., Belgium, Bulgaria, Ireland) and 3 (the Czech Republic, Denmark, Italy,
and Sweden) show the greatest similarity.

The results show that the countries with the lowest average emissions of studied substances from
the mining and quarrying sector in 2017 were found in cluster 1, and the countries with the highest
average emissions were found in cluster 2.

Table 8 summarizes the basic statistics regarding the conducted emission analysis for individual
clusters. In this way, characteristic features for each cluster created by a different number of the EU
countries were determined.

Based on the analysis, it can be concluded that the largest total value of the emissions of studied
substances into the atmosphere from the mining and quarrying sector was found in cluster 2 formed
by three countries: Germany, Poland, and UK. These countries were reported to emit 27,541,101 tons
in total of greenhouse gases and air pollutants into the atmosphere only from the sector in question.
The average value of this emission per individual country in this group is 9,180,367 tons.

Countries from cluster 3 (the Czech Republic, Denmark, Italy, Sweden) were found to emit nearly
10,831,757 tons in total of studied substances, of which the average for a country in this group is
2,707,939 tons, which is over 3 times less than in cluster 2.

The countries from cluster 1 were shown to have the lowest average greenhouse gas and air
pollutant emissions. The average for these countries in 2017 was 391,037 tons (over 24 times less than
for countries from cluster 2).

In general, the results show that the largest number of greenhouse gases and air pollutants in
2017 were emitted by these three countries in which total mineral production [30] was the largest.
In addition, coal is one of the basic raw materials mined in both Germany and Poland [31–33]. A much
smaller share of this raw material occurs in UK, where it accounted for only 1.5% of the total mineral
production in 2017 [75].
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Coal mining, both opencast and underground, is accompanied by the natural release of large
amounts of methane. If it is not captured (by methane drainage systems and used economically),
it is released into the atmosphere in large quantities. This is particularly evident in Poland, where
hard coal is mined underground from highly saturated methane seams. However, only about 30% of
this gas is recognized and used for business purposes. Poland is the largest emitter of methane from
mining operations in the EU, as well as throughout Europe [15,37,38]. In turn, Germany, in terms of
the emissions of this gas from the mining and quarrying sector, ranks 4 (after Romania and the Czech
Republic). This is due to the fact that lignite is mined with opencast method, and the seams are less
saturated with this gas [76].

When considering similarities between countries in cluster 2, it should be noted that the UK and
Germany are the largest emitters of PM2.5. Poland is considered to be 5th, behind France (cluster 4)
and Sweden (cluster 1). In turn, in the case of PM10 emissions, the highest emissions in 2017 were
reported in Germany, UK (cluster 2), France (cluster 4), and Poland (cluster 1), respectively.

In the case of carbon monoxide air pollution, UK (cluster 2), Italy (cluster 3), Poland, and Germany
(cluster 2) were found to have the largest share of these emissions.

The lowest average greenhouse gas and air pollutant emissions occurred in 2017 in countries from
cluster 1. This cluster is dominated by countries in which the mining and quarrying sector is based on
the extraction of minerals, which as a result of their operations, is accompanied by significantly lower
emissions. For example, for the Netherlands, the most important in the mining and quarrying sector is
oil and the natural gas subsector [77]. In Bulgaria, the metal ores sector plays a crucial role [78].

3.2.2. Analysis of Similarities between the EU Countries in the Scope of Emissions of Harmful
Substances Compared to the GVA by the Mining and Quarrying Sector in 2017

The next stage of the analysis involved grouping the EU countries by the volume of the emissions
of studied gases and air pollutants from the mining and quarrying sector based on 2017 data compared
to the GVA by the mining and quarrying sector [45]. Malta was not included in this analysis since it
lacks data on the GVA in this sector.

The calculations allowed the authors to determine the compositions of clusters (groups) of
similar countries, which are presented in Table 9. However, Figure 7 shows the topographic map for
these clusters.

Table 9. Division of the EU countries into similar groups by the total value of emissions of harmful
substances together with the values of the activation function (own elaboration).

Cluster 1
Value of the
Activation
Function

Cluster 2
Value of the
Activation
Function

Cluster 3
Value of the
Activation
Function

Cluster 4
Value of the
Activation
Function

Belgium 0.33 Czech
Republic 0.73 Greece 0.53 Ireland 0.35

Bulgaria 0.37 Croatia 0.66 Poland 0.29 France 0.23
Denmark 0.27 Cyprus 1.04 Romania 0.57 Latvia 0.37
Germany 0.78 Hungary 0.62 Slovenia 0.22 Lithuania 0.22

Estonia 0.98 United
Kingdom 0.98 Slovak

Republic 0.49 Austria 0.24

Spain 0.22 Portugal 0.27
Italy 0.74

Luxembourg 0.40
Netherlands 0.40

Finland 0.40
Sweden 0.30

Table 10 summarizes the basic statistics regarding the conducted emission analysis for individual
clusters. In this way, the characteristic features of each cluster created by a different number of the EU
countries were determined.
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Table 10. Results of statistical analysis regarding the emission of harmful substances compared to the
GVA for individual clusters of the EU countries (own elaboration).

Cluster Substances Mean Median Min Max Standard
Deviation Skewness Kurtosis Sum

1

CO2 551.84 467.18 211.06 968.20 286.46 0.27 −1.67 6070.27
CH4 5.87 2.85 3.3 × 10−3 23.89 8.95 1.72 1.56 64.54
N2O 0.04 0.02 0.01 0.12 0.04 1.44 0.69 0.41
NH3 0.07 0.01 1.1 × 10−4 0.68 0.20 3.28 10.80 0.78

NMVOC 0.37 0.29 0.02 0.91 0.31 0.51 −1.31 4.12
CO 0.87 0.73 0.08 2.29 0.71 0.75 −0.24 9.59

PM2.5 0.28 0.23 2.5 × 10−3 0.69 0.25 0.27 −1.61 3.13
PM10 0.86 0.58 4.9 × 10−3 3.40 1.07 1.65 2.39 9.41
NOx 1.41 1.15 0.50 3.62 0.89 1.56 3.17 15.47

2

CO2 2273.74 2199.35 1329.15 3318.59 907.92 0.14 −2.77 11,368.70
CH4 42.82 35.59 0.07 109.26 45.17 0.77 −0.48 214.09
N2O 0.03 0.02 4.2 × 10−3 0.09 0.04 1.60 2.52 0.17
NH3 0.01 0.01 2.4 × 10−3 0.04 0.02 2.01 4.13 0.06

NMVOC 3.43 4.24 0.88 5.62 2.26 -0.40 −3.06 17.13
CO 2.00 1.17 0.89 3.87 1.37 0.79 −2.11 9.99

PM2.5 0.98 0.85 0.23 1.90 0.63 0.54 0.29 4.92
PM10 6.62 7.70 0.91 11.32 4.78 -0.32 −2.78 33.09
NOx 4.37 2.44 0.46 9.46 3.95 0.57 −2.46 21.85

3

CO2 434.18 433.38 163.06 661.63 222.75 -0.13 −2.46 2170.88
CH4 80.32 66.33 1.18 169.17 61.62 0.37 0.84 401.58
N2O 0.01 0.01 2.0 × 10−3 0.02 0.01 1.56 2.78 0.05
NH3 0.00 0.00 0.00 1.4 × 10−3 5.6 × 10−4 1.03 −0.26 2.5 × 10−3

NMVOC 9.88 8.06 6.17 17.50 4.45 1.78 3.44 49.41
CO 0.43 0.30 0.09 0.86 0.31 0.57 −0.96 2.16

PM2.5 0.25 0.17 0.05 0.49 0.19 0.43 −2.18 1.27
PM10 1.99 1.13 0.34 3.96 1.60 0.49 −2.68 9.94
NOx 0.44 0.29 0.06 0.89 0.41 0.42 −3.11 2.21

4

CO2 395.46 352.08 84.32 841.56 265.64 0.87 0.82 2372.75
CH4 1.72 1.45 0.02 5.09 1.78 1.71 3.58 10.30
N2O 0.02 0.01 3.0 × 10−3 0.05 0.02 0.97 −1.65 0.11
NH3 0.01 0.01 2.1 × 10−3 0.02 0.01 1.08 1.30 0.05

NMVOC 1.08 0.34 0.02 4.77 1.84 2.30 5.39 6.47
CO 0.75 0.66 0.21 1.33 0.45 0.26 −1.98 4.48

PM2.5 0.64 0.65 0.34 0.85 0.18 −0.67 0.26 3.82
PM10 5.25 5.34 2.83 7.35 1.60 −0.32 −0.29 31.49
NOx 1.31 1.46 0.20 2.47 0.92 −0.19 −1.78 7.86
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Based on the calculations and results, it was found that their similarity versus the similarity in
terms of the total emissions changed significantly.

When analyzing the distribution of the EU countries in individual clusters on the topological map,
it can be seen that the countries from clusters 2 and 3 show the largest internal differentiation, and the
countries from clusters 4 and 1 show the greatest internal similarity.

In this analysis variant, countries with the highest average emissions of studied substances in
relation to the GVA by the mining and quarrying sector can also be found in cluster 2, while countries
with the lowest emissions in cluster 4.

For the countries in cluster 2, the average value of the emissions of all studied substances in
2017 was over 2334 tons per million Euro (GVA by the mining and quarrying sector), and for the
countries in cluster 4, slightly more than 406 tons per million Euro, i.e., over 5.5 times less. The cluster
with the highest average emission of studied gases and air pollutants involved the Czech Republic,
Croatia, Cyprus, Hungary, and UK. Croatia was reported to have the smallest GVA by the mining and
quarrying sector and one of the smallest total mineral production (in 2017, it was 2,110,855 metric ton
= 1000 kg). It ranks 21st in the EU (out of 28 countries) in terms of the volume of production.

Among the countries with the lowest average value of greenhouse gas and air pollutant emissions
from the mining and quarrying sector in relation to the GVA, only 6 countries were identified. Of these,
5 (Ireland, Latvia, Lithuania, Austria, and Portugal) also had the lowest average value of emissions
when analyzing the absolute value of studied emissions.

3.2.3. Analysis of Similarities between the EU Countries in Terms of the Emissions of Harmful
Substances Compared to the Number of Inhabitants in 2017

The last stage involved grouping the EU countries by the volume of gas and air pollutant emissions
from the mining and quarrying sector compared to the number of inhabitants of these countries.
Such an analysis seems to be perfectly justified also due to the fact that these substances have a
very negative impact on the life and health of society throughout the country, not only in mining
areas [36,49,79,80].

The calculations enabled the division of the EU countries into 4 clusters, the composition of which
is presented in Table 11. However, Figure 8 shows their distribution on the topological map. Basic
statistics that describe the clusters, consisting of a different number of countries, are presented in
Table 12.

Table 11. Division of the EU countries into similar groups in terms of the emission of harmful
substances compared to the number of inhabitants along with the values of the activation function
(own elaboration).

Cluster 1
Value of the
Activation
Function

Cluster 2
Value of the
Activation
Function

Cluster 3
Value of the
Activation
Function

Cluster 4
Value of the
Activation
Function

Belgium 0.117 Czech
Republic 0.856 Ireland 0.289 Greece 0.466

Bulgaria 0.173 Denmark 0.654 Croatia 0.381 Poland 0.740
Germany 0.227 Estonia 1.135 Latvia 0.305 Romania 0.303

Spain 0.069 United
Kingdom 0.928 Austria 0.441 Slovenia 0.334

France 0.161 Portugal 0.378 Slovak
Republic 0.408

Italy 0.302 Finland 0.511
Cyprus 0.187 Sweden 0.595

Lithuania 0.311
Luxembourg 0.224
Hungary 0.283

Malta 0.237
Netherlands 0.359
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Table 12. Results of the statistical analysis regarding the emission of harmful substances compared to
the number of inhabitants for individual clusters of the EU countries (own elaboration).

Cluster Substances Mean Median Min Max Standard
Deviation Skewness Kurtosis Sum

1

CO2 35.933 33.015 3.407 112.108 30.48 1.48 2.73 431.20
CH4 0.438 0.138 1.9 × 10−4 1.347 0.55 0.88 −1.19 5.26
N2O 0.002 0.001 1.5 × 10−4 0.008 2.6 × 10−3 1.85 2.49 0.02
NH3 4.6 × 10−4 2.4 × 10−4 3.0 × 10−5 0.003 7.0 × 10−4 2.80 8.56 0.01

NMVOC 0.045 0.018 0.001 0.273 0.08 2.90 8.93 0.53
CO 0.037 0.036 0.004 0.104 0.03 1.40 3.03 0.44

PM2.5 0.015 0.017 0.001 0.028 0.01 −0.18 −1.89 0.18
PM10 0.095 0.065 0.001 0.247 0.10 0.43 −1.61 1.14
NOx 0.073 0.045 0.008 0.240 0.07 1.49 2.07 0.87

2

CO2 258.170 297.632 73.045 364.371 127.69 −1.60 2.91 1032.68
CH4 3.662 0.826 0.025 12.971 6.22 1.97 3.90 14.65
N2O 0.015 0.013 0.005 0.031 0.01 0.61 −2.56 0.06
NH3 0.034 0.004 0.001 0.128 0.06 1.99 3.96 0.14

NMVOC 0.567 0.561 0.029 1.116 0.45 0.07 0.44 2.27
CO 0.344 0.313 0.106 0.646 0.24 0.51 −2.13 1.38

PM2.5 0.069 0.067 0.049 0.092 0.02 0.15 −4.94 0.27
PM10 0.235 0.237 0.175 0.292 0.06 −0.05 −5.26 0.94
NOx 0.739 0.559 0.202 1.635 0.66 1.11 0.12 2.96

3

CO2 70.471 79.726 18.370 125.677 0.50 −0.09 −2.30 493.30
CH4 0.337 0.077 0.001 1.348 1.1 × 10−3 1.79 2.89 2.36
N2O 0.001 0.001 1.6 × 10−4 0.003 5.0 × 10−4 0.97 −1.05 0.01
NH3 0.001 0.000 6.0 × 10−5 0.001 0.10 1.41 1.56 3.6 × 10−3

NMVOC 0.065 0.033 0.003 0.282 0.09 2.47 6.31 0.45
CO 0.105 0.081 0.026 0.268 0.04 1.16 0.55 0.73

PM2.5 0.069 0.052 0.032 0.127 0.15 0.91 −1.01 0.49
PM10 0.337 0.292 0.154 0.565 0.17 0.40 −0.97 2.36
NOx 0.186 0.146 0.017 0.507 0.50 1.25 1.05 1.30

4

CO2 35.977 41.466 9.542 53.329 16.57 −1.17 1.66 179.89
CH4 7.871 4.449 0.088 20.582 8.05 1.19 1.01 39.35
N2O 0.001 0.000 3.0 × 10−4 0.002 5.0 × 10−4 1.78 3.17 3.40 × 10−3

NH3 3.6 × 10−5 0.000 0 8.0 × 10−5 3.2 × 10−5 0.30 −1.02 1.80 × 10−4

NMVOC 0.804 0.728 0.505 1.235 0.32 0.55 −1.83 4.02
CO 0.046 0.020 0.006 0.124 0.05 1.32 0.97 0.23

PM2.5 0.021 0.026 0.003 0.037 0.01 −0.47 −1.73 0.11
PM10 0.166 0.216 0.020 0.294 0.11 −0.40 −2.11 0.83
NOx 0.053 0.017 0.004 0.178 0.07 1.81 3.19 0.26

When analyzing the topographic map (Figure 8), it can be noted that cluster 1 includes countries
that are most similar in the studied area (nearest neighborhood), and cluster 2 countries are very diverse
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in terms of this emission (significant distances between countries within this cluster). The countries
from clusters 3 and 4 also show considerable diversity.

The results clearly indicate that the demographic factor significantly influences the compositions
of created clusters. Four countries (out of 5 in the EU) with the largest population (Germany, France,
Spain, Italy) were found in cluster 1, which is characterized by the lowest average value of gas and air
pollutant emissions into the atmosphere from the mining and quarrying sector per capita. In these
countries, there is an average of 36.7 kg of the emissions of studied substances per capita. Slightly
higher values were reported in the countries from cluster 4, where the average value of these emissions
per capita was found to be just over 71 kg.

In turn, in the countries from cluster 2, which included countries with the highest gas and air
pollutant emissions per capita, the average mass of emitted substances was observed to be almost
264 kg, which is over 7-fold higher. Among the countries with the highest average emissions of studied
substances is, for example, Estonia, a country with one of the smallest populations among the EU
countries, as well as the UK—a country with one of the largest populations in the EU.

4. Discussion

Despite the changes observed in the economy of EU countries, the mining and quarrying sector is
still of major importance for these economies. Many mineral resources, such as hard coal and lignite,
natural gas, copper ore, zinc, and many other minerals are still being mined in Europe [81,82]. In some
countries, e.g., in Poland, energy resources are still classified as strategic resources and thus undergo
protection [83].

In recent years, however, the European commission has been pursuing an active policy regarding
the extraction of mineral resources from both primary and secondary sources. The assumptions and
scope of planned activities for non-energy raw materials are presented in the document entitled:
Initiative for Raw Materials—Meeting Our Key Needs to Stimulate Growth and Create Jobs in Europe [84].
Europe is dependent on the import of many raw materials used in the new technologies sector, such as
cobalt, platinum, rare-earth elements, and titanium.

Some EU Member States have developed national strategies for non-energy raw materials,
including France, Germany, Finland, Greece, the Netherlands, and Portugal [85–89]. The Finnish
strategy is recognized as a model from the point of view of mineral resources management, in which
12 activities in four areas were distinguished, i.e., to improve legal regulations; to secure supplies of raw
materials; to reduce the impact of exploitation on the environment and increase its productivity; and to
enhance scientific research and expert activities, as well as educational activities [86]. On the other hand,
according to the Austrian Raw Material Plan, mineral deposits are treated as national goods of both
nationwide and regional significance. Due to this, deposit protection zones (priority zones of deposits
that deserve protection) are designated in order to enable their future exploitation [87]. In Sweden,
the government has developed a comprehensive strategy to meet the needs of the non-energy mining
industry and preserve the benefits. One of the key aspects of this strategy is to achieve the innovation
goal of the non-energy mining industry with an excellent knowledge base [88]. The National Strategy
for Portuguese Geological Resources and Mineral Resources sets the framework for promoting the
Portuguese non-energy mining industry [89]. This strategy involves four areas of activity such as
economic, social, spatial, and balanced territorial development.

The extraction processes of both energy and non-energy raw materials are accompanied by a
number of adverse phenomena that are very harmful to the natural environment, including in particular
the emission of harmful gases and dust into the atmosphere.

The volume of these emissions depends on many natural, technical, and organizational as well as
economic factors. In general, technological processes related to the extraction of particular mineral
resources are to the most extent responsible for the formation of both gases and dusts [90].

Moreover, other factors such as a technological level, an energy system, social awareness,
and wealth are also of great significance. Historically, in Europe, the mining and quarrying sector
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always belonged to the most developed sector on which the economy of many countries was based for
many years. Unfortunately, current changes, in particular those concerning environmental protection,
have also forced this sector to adapt to the growing requirements in the field of environmental protection.

Due to both the traditions and importance of the EU economy, the study focused on the emissions
of harmful substances in terms of their absolute values and in relation to the number of inhabitants
of individual countries and their GVA. The inclusion of these two additional factors was intended to
show differences in this respect in individual EU countries. At the same time, it was to show additional
factors that should be taken into account when developing environmental policies in EU countries.
In this case, relying only on the absolute values of studied substances seems not to fully reflect the
actual state of affairs.

The results, including grouping the EU countries into homogenous groups in terms of the total
emissions of studied substances and their values compared to the number of inhabitants and the
GVA, confirm the large diversity of the EU countries. This makes the assessment of these emissions a
complex problem and requires deeper analysis. The created division of the EU countries into similar
groups for additional criteria significantly differ from the division in terms of the total emissions of
selected substances.

Based on the overall greenhouse gas emissions as well as gas and air pollutant emissions from
the mining and quarrying sector in EU countries, the largest emitters were reported to be UK, Italy,
Germany, and Poland, accounting for over 65% of all gas and air pollutant emissions from the mining
and quarrying sector.

However, when looking at the structure and volume of these emissions, it is clear that Germany,
Poland, and UK (Table 7) show similarities, and Italy shows greater similarity with countries such as
the Czech Republic, Denmark, and Sweden (Table 7).

All countries in cluster 2 (Table 7), i.e., Germany, Poland, and UK, exploit both hard coal and
lignite, which is accompanied by significant greenhouse gas and air pollutant emissions associated
with the extraction of these substances. One of the greenhouse gases accompanying this exploitation
process is methane contained in coal seams. Methane emitted into the atmosphere can survive for
9 to 15 years. Poland is an infamous leader in the field of methane emissions, and only about 35%
of this gas is captured by methane drainage systems [15]. In Germany, on the other hand, various
technological solutions are utilized to minimize the impact of methane emissions on the surrounding
atmosphere. Methane, which is extracted from closed mines, is used, for example, as a fuel in the
electricity production process of numerous projects by the federal states of North Rhine-Westphalia
and the Land of Sara [91].

Activities in the field of reducing this gas emissions from coal mines are already carried out
jointly by, for example, Poland and Great Britain (cluster 2) as part of the project “Recovery and Use of
Methane for Energy and Chemical Purposes in Coal Mines”.

Significant amounts of gas and dust accompanying coal mining are associated with implemented
technological processes. The mining cycle consists of a number of activities during which significant
amounts of carbon dioxide, PM2.5 and PM10, carbon monoxide or nitrogen oxide are produced.
It will be possible to reduce gas emissions resulting from technological activities by using energy from
renewable sources, increasing the efficiency of mining processes, adopting the principles of clean, safe,
and connected mobility (transport of mineral resources also causes huge greenhouse gas emissions),
using resources more efficiently, and developing a circular economy.

The inclusion of the GVA by the mining and quarrying sector revealed significant differences
between this and the previous grouping. It was assumed that the ratio of the mass of gas and air
pollutants emitted from this sector to the GVA determines, in a simplified way, an increase in the value
of production in this sector. Therefore, it was reasonable to check how this value relates to the volume
of gas and air pollutant emissions from the mining and quarrying sector.

When considering this factor, it was found that the most favorable ratio of the mass of emitted
substances to the GVA by the mining and quarrying sector was observed in the countries from cluster 4
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(Table 9), i.e., in Ireland, France, Latvia, Lithuania, Austria, and Portugal. With the exception of France,
these countries were also observed to have the lowest gas and air pollutant emissions from the mining
and quarrying sector in total. The most unfavorable values were reported for countries in cluster 2
(the Czech Republic, Croatia, Cyprus, Hungary, and UK). It can be assumed that in these countries,
considerable financial transfers from other industries will be necessary to reduce the emissions of
harmful substances from the mining and quarrying sector. The ratio of studied emissions to the GVA
is very unfavorable in these countries. The designated similar groups are different in this case versus
the absolute value of these emissions. However, it seems that these groups rather reflect the economic
potential and possibilities of reducing these emissions by the countries in given clusters (groups).

The idea to take into account the demographic factor also changed the composition of individual
clusters. With respect to the emissions per capita, the countries with the least favorable ratio included
the Czech Republic, UK, and Denmark (Table 11). In this respect, Malta, Belgium, Bulgaria, and even
Germany were found to have much “more favorable” indicators. These countries show the greatest
similarity both in the structure and volume of gas and air pollutant emissions among the countries
with the lowest mass per capita. Therefore, it can be seen that in these countries, the ratio of the
emission of harmful substances per capita is the most favorable in the EU countries. This creates
great opportunities to achieve the objectives to reduce the emissions in question. On the other hand,
the countries from cluster 2, in particular the Czech Republic and Estonia, were reported to have a very
unfavorable indicator of the amount of emitted substances per capita.

To sum up, the results show that the problem of the emissions of harmful substances from the
mining and quarrying sector in the EU countries is really complex. It requires in-depth analysis with
many factors to be considered. The results of grouping EU countries into homogeneous clusters
(groups) in terms of the structure and volume of gas and air pollutant emissions from this sector
indicate that the analysis only in terms of the absolute emissions fails to fully describe the actual state
of this phenomenon.

Only 4 countries out of 28 belonging to the EU in 2017 and for each analysis variant showed
similarity in terms of the structure of gas and air pollutant emissions. These countries include Belgium,
Bulgaria, Luxembourg, and the Netherlands. With respect to the emissions in total and per capita,
they were characterized by the lowest emission values.

In turn, in the case of countries with the highest emission values, only the UK in all analysis
variants was always found to be in the clusters characterized by the highest emissions.

However, when analyzing the structure of the emissions, they were found to be very diverse in
individual EU countries. This is primarily due to the type of raw materials used in a given country.
The emissions of significant amounts of greenhouse gases in the form of carbon dioxide and methane,
as well as air pollutants in the form of carbon monoxide are associated with the extraction of energy
resources. This applies to the UK, where natural gas is extracted, and Poland, Germany, and the Czech
Republic, where coal is extracted. Natural gas extraction in UK, the Netherlands, Romania, Italy,
and Denmark is also accompanied by significant gas emissions. This also applies to gas production
from unconventional sources. In the process of the so-called fracking, large amounts of methane also
leaks into the atmosphere.

When extracting minerals in the form of solids, large amounts of dust are emitted into the
atmosphere. This mainly concerns Germany, Poland, and Spain, as well as other countries where
mineral aggregates are extracted [35,36,92,93].

Nevertheless, the presented data and the results show that in recent years, there has been a
decrease in the amount of substances emitted into the atmosphere as a result of mining and quarrying
operations in EU countries (Figures 2 and 5). At the same time, there is also a noticeable large variation
in the volume and structure of this emission in individual countries. This, in turn, should be taken into
account when developing pro-ecological policies for EU countries. The specificity of these countries
should be considered when creating such policies.
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The results also indicate that the idea of grouping and assessing countries only through the prism
of the level of greenhouse gas and air pollutant emissions as absolute values fails to fully reflect the
real state of this problem.

The use of the Kohonen’s network and comparing gas and air pollutant emissions from the mining
and quarrying sector to the number of inhabitants and to the GVA by the mining and quarrying sector
in individual EU countries enabled the acquisition of new knowledge and undoubtedly constitute
a new approach to this subject. Among the many taxonomic methods that could be used for this
type of analysis, the Kohonen’s network was recognized as the most adequate tool that can guarantee
independent grouping results. The Kohonen’s network can detect connections that would have
been omitted if another classification method had been used (e.g., the Ward method). Additionally,
unquestionable advantages of using the self-organizing map algorithm in data classification analysis
are: no requirement to match the distribution of variables with the normal distribution, relatively
high resistance to missing data, the ability to identify objects with divergent features, and no need for
subjective intervention of the researcher.

The idea to designate similar groups of EU countries, taking into account additional factors,
allowed for a new crucial achievement. All this needs to be taken into consideration when constructing
a new pro-ecological policy for the EU countries. This solution can also be used for analysis in other
countries worldwide.

5. Conclusions and Policy Implications

It is obvious that the current EU policy is definitely environmentally friendly. The new European
climate strategy presented at the Conference of the Parties (COP) 25 Summit in Madrid in 2019, referred
to as the European Green Deal, is a very decisive response to the world’s climate problems. In order
to achieve this goal, i.e., the climate neutrality of the European economy by 2050, decisive actions
need to be undertaken to protect the environment. One such action is to reduce the emissions of
harmful substances into the environment. The analysis of the volume of these emissions in recent years
(Figure 2) indicates that it is generally being reduced in EU countries. However, it can be seen that the
pace of these changes is insufficient. In this context, it seems reasonable to analyze the reasons for
this situation.

One of the research directions is the emission analysis of individual sectors of the EU economy.
For such analysis, it is necessary to take into account the large diversity of the EU countries, in economic,
financial, and social terms. In 2017, the EU was made up of 28 countries, which means that its structure
is very fragmented. All these factors contribute to the great diversity of the economic structure of
individual countries. Nevertheless, actions to improve the quality of the natural environment are
currently bringing the best results in the EU.

In this context, research on the emissions of individual sectors of the economy of the EU countries
seems to be most justified.

The analysis of grouping countries into homogenous clusters in the field of gas and air pollutant
emissions from the mining and quarrying sector showed that only 4 of 28 EU Member States in 2017,
in each analysis variant, were found to be similar in terms of both the structure and volume of this
emission. These countries include Belgium, Bulgaria, Luxembourg, and the Netherlands (cluster 1).
Also, they were reported to have the lowest emission values for the total emissions of studied substances
and for the GVA with regard to both the studied sector and population.

The analysis also showed that Germany, which is the country with the highest emission of studied
substances, based on the economic factor, belonged to the group of countries with average emissions,
and based on the demographic factor, to countries with the lowest emissions. In turn, Hungary, Cyprus,
and Croatia, which are the countries with the lowest total emissions of studied substances, turned out
to have the highest emissions when considering the economic factor. The country that in each analysis
variant belonged to the group of countries (cluster 2) with the highest gas and air pollutant emissions
from the mining and quarrying sector was the UK.
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The results should be used by the EU to reduce greenhouse gas and air pollutant emissions by
developing a policy related to groups of countries (e.g., designated in the study) and to individual
sectors. The common climate policy should consider as many internal factors as possible with regard
to all Member States, because only then success can be achieved. The division of the countries into
four homogenous groups seems very reasonable in terms of targeting this policy. Obviously, certain
financial resources are necessary and should be spent very reasonably. They should be dedicated to
groups of similar countries with similar problems. This would mean more efficient use of the funds.

The EU energy policy priorities are particularly important in this respect, especially in the field of
energy independence. The question is whether the EU strategy should consider using conventional
sources or rely only on renewable sources. It seems, as evidenced by the results and the geopolitical
situation, that for both security and energy independence, it is worth considering the use of conventional
energy sources. Not all EU countries are able to carry out energy transformations in a short time. Such a
process involves enormous costs related to the development of renewable energy sources as well as
social and often political costs regarding necessary changes in the employment structure. With regard
to the costs of producing energy from renewable sources, the opinions obviously vary. This is due
to the way these costs are calculated. If we consider only the production costs, they are very low.
However, when taking into account the investments necessary to use these sources, the costs are much
higher. New technologies implemented in this area and their universality should also significantly
reduce this component. However, the undoubted benefit of obtaining energy from these sources is the
protection of the natural environment, which was emphasized in the article.

The results also showed differences in the economies of individual countries. The EU climate
policy needs to take into account these differences and build Europe’s climate strategy based on them.
These strategies should take into account the level of technological advancement of the economy,
wealth, and demographic potential of individual countries. The results should facilitate this task,
because they indicate similar groups of countries and sectors to which specific programs can be
dedicated. Limiting the emission of harmful substances, not only from the mining and quarrying
sector, is necessary and probably will be achieved, but it is important that this policy is effective and
does not lower the standard of living in some countries.

This regards especially those countries that began the process of political and economic
transformation a little later, since around 1990 after the fall of the Iron Curtain. Too stringent climate
policy, which is not adapted to economic capabilities, may cause social resistance and anti-European
sentiment. Economic development, social awareness, technological advancement, scientific research,
social wealth, and civic traditions are factors that despite many years of building the European
community, differ between countries that comprise it.

In the context of the conducted research, it can be stated that the developed methodology and the
results confirm the validity of the adopted research direction for individual sectors of the economy.
This approach allows the transition from a general climate policy to a specific policy relating to
individual sectors and countries. Also, a global view on ecological problems has its advantages and
is necessary, but only operational activities undertaken at the level of countries and sectors can give
measurable effects.

In the light of achieving the climate neutrality planned for 2050, it is crucial for all EU countries
to implement an effective climate strategy. At this stage, it has many opponents whose economies
are related to the mining and quarrying sector (Poland, Czech Republic, Hungary). In this regard,
measures need to be taken to enable these economies to transform their energy from conventional
energy sources to alternative ones. In addition, it is reasonable and crucial to increase the efficiency
of existing mining processes, adopt the principles of clean, safe, and connected mobility (transport
of mineral resources causes greenhouse gas emissions), use resources more effectively, and develop
a circular economy. Both the recovery and recycling of mineral resources are also becoming a very
important factor affecting their production. Another factor that can improve the environmental impact
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is the digitization and automation of mining processes, which creates opportunities to optimize these
processes and reduce the emission of harmful substances into the atmosphere.

The authors hope that the presented method of analyzing harmful emissions, the results, and the
conclusions will also encourage other researchers to a more detailed and critical approach to this
topic. It is beyond dispute that in order to protect our planet, not only in the EU countries but
worldwide, it is crucial to take specific pro-ecological actions. In this regard, the direction of the EU
countries in achieving climate neutrality by 2050 is undoubtedly groundbreaking and expected by the
international community.
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