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Abstract: Secure and sustainable supply of minerals is important for the stable development of a
country’s economy, as well as the global economy. Poland’s economic performance—as a dynam-
ically developing country —is also largely dependent on the availability of minerals and security of
their supplies both from internal sources and form imports. In Poland, 42 key minerals—i.e., those
of fundamental importance for the proper functioning of the economy and satisfying the living
needs of the society —have been recently indicated. From among them, 19 key minerals have been
recognized by authors as having a proven resource base in Poland and—on the other
hand —having moderately- or strongly growing domestic consumption trends. An assessment of
the mineral resource base for their production, a sufficiency of the resources of developed deposits,
as well as possible means of undeveloped deposits safeguarding were analyzed and discussed. It
was found that the long-term needs of the Polish industry can be satisfied only for some of them:
coking coal, copper, and silver, as well as numerous industrial and construction minerals. Moreo-
ver, existence of a sufficient resource base and appropriate means of their safeguarding may po-
tentially have a significant impact on Poland’s and Europe’s minerals security, in particular re-
garding several minerals for which Poland is an important supplier to the European market, i.e.,
coking coal, copper, silver, and elemental sulfur.

Keywords: key minerals; mineral deposits safeguarding; sustainable development; Poland

1. Introduction

The paradigm of continuous economic growth, dominant until recently, is being
replaced by a sustainable development policy, and balancing today’s needs with the
constraints of responsibility for future generations is its basic philosophy [1,2]. At the
same time, a secure and sustainable supply of raw materials is important for the stable
development of a country’s economy and, through increasing interdependence in the
global economy, also for the global economy [3]. Raw materials provide the necessary
basis for further industrial production and are a prerequisite for growth and employ-
ment in industrial, emerging, and developing economies [4-6]. The World Trade Or-
ganization (WTO) highlighted this in one of its reports—the World Trade Report [7].
Poland’s economic performance—as a dynamically developing country—is also largely
dependent on the availability of raw materials. For this reason, securing their supply
from imports must be backed by a committed foreign policy, including an economic one,
as well as a sustainable policy of obtaining mineral raw materials from domestic sources,
both from mineral deposits and secondary and waste sources [8-12].

Securing the access to the mineral deposits in the European Union (EU) is one of the
key factors and actions enabling a decrease in the EU’s dependency on external supplies.
A growing concern about potential limitation of minerals supplies for the EU economy
resulted in launching the Raw Materials Initiative (RMI) in 2008 [13] and the strategic
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implementation plan (SIP) of the European Innovation Partnership (EIP) on raw materi-
als in 2013 [14], to better manage and coordinate responses to mineral raw materials
through a three-pillar approach. Availability of minerals is important for the develop-
ment of innovative and competitive industry of the EU, the integration of sustainable
growth and the implementation of numerous objectives of the Europe 2020 strategy
[15,16]. Recently, there are new strategies and policies resetting the scenery and raising
the importance of minerals at the EU level, such as the European Green Deal [17], In-
dustrial Strategy for Europe [6], EU Regulation on the establishment of a framework to
facilitate sustainable investment [18], and the EU Recovery plan for Europe [19]. They are
applied to minerals’ management being an all-inclusive set of policy initiatives, e.g., ad-
dressing energy transition, circular economy, and resource efficiency, to enable climate
neutrality by 2050. The European Union aspires to reducing the import dependency of
raw materials that are critical for its industries also by, among other goals, improving
access to and utilization of their existing primary resources and increasing recycling ac-
tivities [8,9,20,21]. Simultaneously, a strong focus has been put on the key elements of
sustainable development—environmental, economic, and societal ones [3,22].

Following the EC expert working group recommendations [23], RMI recommended
the design of individual EU Member States” mineral policy strategies (National Mineral
Strategies—NMS), though it was not obligatory. As a result, a dozen or so EU Member
States have designed such NMSs to better accommodate the EU mineral policy frame-
work objectives, taking into account their own minerals needs and the specific circum-
stances of their national economies [21]. However, the only country (so far) with such a
complementary NMS in the Central and Eastern Europe is the Czech Republic [24], alt-
hough work in this area is or was also carried out, inter alia, in Poland, Romania, Hun-
gary, and Estonia [20,25]. There are numerous barriers related to the development and
proper implementation of a mineral policy of a given country, related, e.g., to the need to
ensure public acceptance of mining operations (Social Licence to Operate—SLO), coher-
ence with other policy areas (e.g., environmental policy), as well as management of sus-
tainable mining production [21], [26-28]. There is no doubt that mining can bring im-
portant economic growth opportunities to the given country, also at regional and local
level, but mining activities can also come at a cost to the environment, including biodi-
versity and conservation issues, as well as real environmental risks, if resources and op-
erations are not managed properly and sustainably [26,27,29]. Conducting inclusive and
continuing dialogue with local communities throughout the mining cycle is a precondi-
tion of creation of strong, transparent, trusting, collaborative, and lasting relationships
[28]. The fundamental aim must be equitable distribution of the benefits of development
and minimization of the negative impact on people and the environment, having essen-
tially as a goal sustainable land use management [30].

The varied availability of mineral raw materials (minerals) from domestic sources,
the possibility of obtaining them through imports and the varied importance of indi-
vidual minerals in meeting the needs of the economy make it advisable to carry out work
on the identification of minerals with a leading role in the economy of a given country
[31,32]. Depending on the assumptions, criteria, and methodology of their designation
adopted by the authors, the lists of such minerals, referred to as, e.g., critical, strategic,
key, and pivotal, may differ significantly. Such assessments, especially in the last decade,
have been conducted with the focus on various aspects, e.g., with regard to specific
minerals or products, technologies, specific needs, and objectives (e.g., for military secu-
rity and defense, for energy security, for “clean” energy), as well as to countries (espe-
cially highly industrialized, commonly dependent on imports of minerals), regions, or-
ganizations, and even the whole world [12], [33-39]. No standard holistic methodology
for selecting critical minerals has been developed so far, although the proposed solutions
have many common elements. The most-used proposed methodologies are based on two
groups of indicators. The first group is related to the economic importance of the mineral,
the second one to the risk of supply chain disruption. The choice of factors results from,
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among others, different definitions of the “mineral criticality”, “mineral importance”, as
well as different mineral policies in individual countries. Therefore, despite some com-
mon methodological premises, the assessments show significant differences in the
number and types of components considered, as well as the weights assigned to them
and methods of data aggregation [40-42].

In Poland, for several years intensive work related to the methodology of identifica-
tion of key, strategic, and critical minerals for the Polish economy has been carried out
(e.g., [12], [43-45]). This is a result of the ongoing work on the development of the na-
tional mineral policy [46] as well as intensive work at the EU level to implement the EU
mineral policy, including an update of the list of critical minerals for the EU every 3 years
[5]. In the latter case, the solutions proposed in Poland draw important inspirations in
terms of methodological approach.

However, work aimed at introducing an appropriate system of safeguarding of
mineral deposits has been going on for much longer in Poland [47-50]. Various aspects of
rational mineral deposit management and mineral resources safeguarding have been
discussed in numerous publications [51-64]. An important proposed outcome of this
work was a draft proposal of the law on mineral deposits safeguarding presented in 2011
[52], although it has never become the subject of a legislative process at the government
level. Further solutions in this regard were proposed in 2015 [65], but they have ulti-
mately not been implemented either.

The subject matter of this paper seeks to bring together issues related to both the
country’s development policy and its mineral policy. The development policy should be
defined as a set of interrelated activities undertaken by the state to ensure a permanent,
sustainable development of the country and its socio-economic and territorial cohesion.
A properly implemented development policy is based, among other things, on rational
management of the resources and means available in a given country [66,67]. These re-
sources cover natural resources, including mineral deposits. These, in turn, should be the
subject of a properly implemented mineral policy whose task is to establish an individual
list of the most important minerals for the economic security of a given country. It is
therefore necessary to properly categorize minerals, considering the current situation on
the minerals market and short-term economic forecasts. At the same time, the domestic
minerals market is characterized by a number of indicators, among which the following
should be mentioned: the size of the resource base possessed and the degree of its utili-
zation in covering the demand of the domestic industry, the size of exports and its share
in the national income, the number of jobs generated, the amount or values of the average
annual consumption of a given mineral in comparison with other minerals, and also the
scale of necessary imports and the related degree of supply risk [68].

The purpose of this article is to indicate the key minerals for the Polish economy and
the structure and trends in the use of these minerals, together with an indication of the
most important industries for which they provide the basis for development. In this
context, an assessment of the mineral resource base for their production and the suffi-
ciency of the resources of developed deposits was carried out. Means of their safe-
guarding were also discussed. These factors may potentially have a significant impact on
Poland’s and Europe’s mineral raw materials security, in particular regarding several
minerals whose production leader in Europe is Poland.

This article is devoted to an important topic in the field of minerals security and
sustainable development. This is the first work to focus in detail on all the key minerals
identified for the Polish economy based on the latest methodology. Existing studies cover
only selected strategic minerals focusing on the methodology of their determination. The
added value of this article is a strong connection between resource issues and trends in
the consumption of given minerals, along with the identification of the most important
industries using these minerals. This is accompanied by the assumption that the role of a
given mineral in the national economy is evidenced by its consumption and/or export in
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its raw form, but it can also be an important intermediate for many industries, for which

Poland is one of the European leaders.

2. Materials and Methods

Key minerals for the Polish economy were determined by Galos et al. [12] based on a
previously proposed methodology. According to the terminology adopted in this work,
key minerals are those of fundamental importance for the proper functioning of the
economy and satisfying the living needs of the society, i.e., such minerals whose sus-
tainable supply must be ensured. These are both minerals with a large domestic resource

base as well as those partially or fully imported.

Galos et al. [12] considered the average annual value of consumption of a given
mineral, which should exceed PLN 40 million/year in an assumed period of at least 10
years (in the analyzed case it refers to the years 2009-2018) to be a decisive parameter
when determining that a given mineral is one of key minerals, which allowed separation
of 42 such key minerals. The trend in the consumption of each of these minerals in terms
of quantity and value was also assessed for the time range thus adopted. The selected 42
key minerals showed a diverse trend of domestic consumption: stable, declining, in-
creasing, strongly increasing, or fluctuating. Additionally, for minerals analyzed the
share of imports in covering the demand for a mineral was determined (Net Imports Re-
liance—NIR), which allowed to indicate key minerals of domestic, mainly domestic or

deficit nature (Tables 1 and 2).

Table 1. The main parameters characterizing key minerals for the Polish economy.

Threshold of the Average

Annual Value of Mineral General Tendency of

Nature of Mineral Expressed As Its Net

Tendency of Mineral
Primary Production

Sufficiency of Mineral

Consumption Mineral Consumption Imports Reliance (NIR) * (Mining Output) Reserves
Stable
. — Stable
Decreasing Domestic mineral —NIR<10% D . Short (<15 years)
Over 40 million PLN/y Increasing Mainly domestic mineral —NIR 10-50% ecreas.mg Medium (15-30 years)
. . . o Increasing
Strongly increasing Scarce mineral —NIR >50% Long (>30 years)

Variable **

Strongly increasing

* With assumed total domestic production from primary sources (mineral deposits) and secondary sources, ** lack of

general tendency.

Table 2. Tendencies of mineral consumption vs. nature of mineral in the Polish conditions.

Tendency of Strongly Increas:
Consump- Decreasing Stable Increasing 8y Variable
. . . . ing . TOTAL
tion/Nature of Consumption  Consumption Consumption . Consumption
. Consumption
Mineral
Domestic miner- L. Elemental sulfur; Copper; industrial d.o lomite; Lead; zinc; raw Silver; crushed 13
Lignite gypsum and anhydrite; glass . aggregates; sand and
al foundry sand magnesite 9)
sand gravel aggregates
Mainly domestic Coking coal; Kao- Dimension stone; feldspars 7
A Steam coal N N - Gold; salt
mineral lin and related minerals 4)
Crude oil; bauxite and alumi-
na; silicon metal; magnesium;
manganese minerals; nickel; Natural gas; alu-  Tin; platinum group
. Titanium ores and  ferroalloys; phosphorus;  minium; ball clays metals; tungsten; iron 22
Scarce mineral - - B
concentrates corundum (synthetic and and ores and concentrates; (6)
natural); potash salts; cal- refractory clays amber; phosphate rock
cined, dead-burned and fused
magnesite; talc and steatite
TOTAL number 5 5 18 6 1 42
of key minerals (5) 9) (5) (19)

In parentheses numbers of minerals of rising economic importance and resource potential for domestic production de-
velopment. Minerals subject to detailed analysis are marked in bold. Single underline —Group 1 of analyzed minerals,

Double underline —Group 2 of analyzed minerals.
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Two groups of minerals were further analyzed and discussed in detail in terms of
the need for safeguarding, considering the directions of consumption:

e  Group 1—domestic and mainly domestic minerals characterized by a stable, grow-
ing, or strongly growing consumption trend,

e  Group 2—scarce minerals characterized by a stable, growing, or strongly growing
consumption trend, for which the proven resource base is known.

The need to analyze the second group of minerals (currently deficient) results from
the fact that the share of domestic production is calculated for a specific period. However,
it is probable that proper management of the documented resources may enable future
increase of the share of domestic production in covering the Polish economy’s demand
for a given mineral. This assessment of available resources and the appropriateness of
their future use was conducted in Section 3.1.3. Consequently, 19 minerals belonging to
these two groups were assessed in terms of the domestic resource base and consumption
trends (Table 2):

e  Group 1—domestic or mainly domestic minerals: elemental sulfur, refined copper
(due to the fact that silver is a co-occurring mineral in copper deposits, in many
cases these resources must be analyzed together; this is why it appears in some of
the analyses below), refined lead, metallic zinc, raw industrial dolomite, gypsum
and anhydrite, raw magnesite, foundry sand, glass sand, coking coal, dimension
stone, kaolin, and feldspar raw materials;

° Group 2—scarce minerals: titanium ores and concentrates, crude oil, nickel metal,
potassium salts, natural gas, ball clays, and refractory clays.

For these selected 19 key minerals a detailed analysis of the domestic resource base
was carried out and trends of mineral extraction for their production (stable, decreasing,
increasing, strongly increasing, or variable) in the analyzed decade were determined
(Table 1). Taking into account the average annual extraction of particular minerals and
the size of industrial resources in currently developed deposits, static sufficiency of these
resources was estimated for each group of mineral deposits and in this case groups of
mineral deposits showing short (up to 15 years), medium (15-30 years), and long (more
than 30 years) sufficiency were separated.

For a few of the analyzed minerals—coking coal, copper, and silver as well as sul-
fur—due to the fact that they are important Polish export minerals, detailed analyses
were carried out in respect of their present and future importance for the economy of
Poland and the European Union, possibilities to develop or at least maintain their pro-
duction in Poland, as well as identification of so far undeveloped deposits which may
ensure continuation of this production on the condition that access to them is ensured in
the future.

The source materials for the analyses indicated above are relatively extensive. As
regards production and trade (import, export) of minerals in terms of value and volume,
these are the data of the Central Statistical Office (CSO) [69]. CSO presents data related to
domestic production and trade of minerals and related products in Poland, in accordance
with the Polish Classification of Goods and Services (PKWilU) (production) and Polish
Combined Nomenclature (PCN) (international trade). Official data sometimes are sup-
plemented with data coming directly from mining enterprises, including their stock ex-
change reports, industry reports, as well as companies’ development policies (e.g., for
Jastrzebska Spdétka Weglowa S.A. (JSW) and KGHM Polska Miedz S.A). Mentioned
documents are basic sources of information regarding production, trade, and develop-
ment plans. As regards the size of the resource base and mining of minerals from depos-
its, these are the data from the yearbooks in the Balance of Mineral Resources Deposits in
Poland (editions 2011-2019) [70]. In these yearbooks the Polish Geological Insti-
tute—National Research Institute (PGI-NRI) presents data on almost 14,000 mineral de-
posits recognized in Poland.
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To illustrate the position of Poland on the international (European) arena in the case
of selected minerals (coking coal, copper, silver, and sulfur), the data of Eurostat
PRODCOM [71], World Mineral Production [72] and World Mining Data [73] were used.

3. Results
3.1. Key Minerals for the Polish Economy
3.1.1. General Remarks on Key Minerals for the Polish Economy

The methodology used to determine the key minerals for the Polish economy al-
lowed for the selection of 42 key minerals (Tables 2 and 3), of which 5 are fossil fuels, 17
are metallic raw materials, and the remaining 20 are industrial minerals (rock and
chemical). The value of their average annual consumption varies within a very wide
range: from ca. PLN 40 million in the case of amber, talc, and tungsten to nearly PLN 45
billion in the case of crude oil. The share of imports in covering domestic demand for
particular minerals also varies widely, from 0% for foundry sands to 100% for many
metallic and some industrial minerals (Table 3).

Key fossil fuels can be divided into hydrocarbon fuels (natural gas and oil) and solid
fuels (steam and coking coal and lignite). The former show a growing or strongly grow-
ing trend in consumption over the period analyzed. Additionally, they are strongly defi-
cient, as domestic production satisfies only 2-3% of domestic demand in the case of oil
and about 15% in the case of natural gas [74-76]. Crude oil is also characterized by the
highest average consumption value among all key minerals. Its value determines the
negative balance of trade in all minerals in Poland [77,78]. The group of fossil fuels also
includes coking coal, which de facto is used primarily in metallurgy: 82% of coking coal
in the EU is used to produce coke for use in steel production [79]. Consequently, in some
countries it is referred to as a metallurgical raw material (metallurgical coal) (e.g., [80]). It
is worth mentioning that in 2020 the European Commission confirmed the status of
coking coal as a critical raw material on the list of 30 critical raw materials for which the
risk of supply shortage and its effects on the economy are higher than in the case of other
raw materials [79]. In Poland, coking coal shows a growing volume and value of con-
sumption, which is mainly characterized by its domestic nature (Table 3).

A numerous group of metallic raw materials of key importance to the Polish
economy consists of scarce minerals which are not available in Poland either from pri-
mary or—usually —from secondary sources and therefore they must be imported. This is
due to the lack of documented mineral deposits from which these minerals could be ex-
tracted, although in some cases recycling is being developed. At the same time there are
some of them which have shown in recent years a strong upward trend in consumption
in Poland, e.g., metallic aluminum, bauxite and alumina, silicon, magnesium, manganese
raw materials, titanium ores and concentrates, and ferroalloys. In the discussed group
there are also domestic minerals for which increasing (zinc and lead) or stable (copper)
consumption is observed. It should be mentioned that the domestic nature of refined lead
is mostly related to its extraction from secondary sources [81,82], despite the existence of
a domestic resource base. This thread will be developed in the next section. Among the
key metallic raw materials in the analyzed decade, the highest average annual consump-
tion value was recorded for refined copper. Iron ores and concentrates came second, but
with a value several times lower (Table 3).

The last and the most numerous groups of key raw materials are industrial minerals,
mainly rock materials, but also chemical raw materials such as elementary phosphorus,
phosphate rock, sulfur, rock salt and potash salts. Almost all the key rock minerals (ex-
cept for amber, ball clays and refractory clays, alumina, magnesite—calcined,
dead-burned, and fused) are domestic or mainly domestic in nature. In the vast majority,
they are obtained from domestic mineral deposits, although most of the domestic gyp-
sum supply is synthetic gypsum obtained during flue gas desulfurization in conventional
power plants [82,83]. Two chemical key minerals—rock salt and sulfur—are also ob-
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tained from domestic sources, the latter of which, apart from domestic sulfur deposits,
has been documented and is obtained incidentally from oil and natural gas deposits
[10,84,85]. Among non-metallic key minerals, crushed aggregates, sand and gravel ag-
gregates, and dimension stone are traditionally characterized by the highest average
annual consumption value (Table 3).
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Table 3. Minerals recognized as key for the Polish economy ([12,82,85], supplemented).

Average Value of

D i P ion f P ion f
. omestl.c Consumption  Net Imports Reliance Nature of Recognized rf)ductlon rom roduction from
No. Mineral Consumption Tendenc 20092018 (%) Mineral Resource Base Primary Sources Secondary
2009-2018 (Million y ? (Mineral Deposits) Sources
PLN)
Fuels
Mainl
1 Coking coal 6393.9 Stable 21.1 any Y Y -
domestic
2 Crude oil 44,916.8 Increasing 97 .4 Scarce Y Y -
3 Lignite 1351.4 Decreasing 0.4 Domestic Y Y -
4 Natural gas >13,000 'Strong'ly 85.9 Scarce Y Y -
increasing
. Mainly
5 Steam coal 16,486.3 Decreasing 14.5 . Y Y -
domestic
Metallic minerals
1 Aluminium (non-alloyed) 955.7 .Strong.ly 100 Scarce N N Y
increasing
2 Bauxite and alumina 175.4 Increasing 100 Scarce N N N
3 Copper 6,326.3 Increasing 43 Domestic Y Y Y
4 Ferroalloys 274.1 Increasing 100 Scarce N N N
Mainl
5 Gold >100 Variable <30 any ! Y Y
domestic
6 fron ores and 1746.6 Variable 100 Scarce Y? N Y
concentrates
7 Lead 542.1 Strongly <10 Domestic Y Y Y
increasing
8 Magnesium 61.6 Increasing 100 Scarce N N N
9 Manganese minerals 46.7 Increasing 100 Scarce N N N
10 Nickel 100.1 Increasing 100 Scarce Y N Y
11 Platinium group metals 130.9 Variable >90 Scarce Y! Y Y
12 Silicon metal 203.3 Increasing 100 Scarce Y3 N N
13 Silver >60 Variable <10 Domestic Y Y Y
14 Tin 52.6 Variable 83.5 Scarce Y N Y
15 Titanium ores and 86.6 Stable 100 Scarce Y2 N N

concentrates
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16 Tungsten 41.7 Variable 100 Scarce
17 Zinc 876.5 Strongly <10 Domestic Y Y
increasing
Industrial minerals
1 Amber >40 Variable >85 Scarce -
Ball clays and refractory .
2 138.1 Increasing 70.9 Scarce Y Y -
clays
d theti d
3 Corundum (synthetic an 133.9 Increasing 98.7 Scarce N N -
natural)
4 Crushed aggregates 1838.1 Variable 4.3 Domestic Y Y Y
Mainl

5 Dimension stone 572.6 Increasing 12.4 amy Y Y -
domestic

6 Dolomite industrial 145.9 Increasing 5.4 Domestic Y Y -

- Feldspar.s and related 383.8 Increasing 07 Maml}f N N )

minerals domestic

8 Foundry sand 64.6 Stable 0 Domestic Y Y -

9 Glass sand 69.8 Increasing 0.9 Domestic Y Y -

10 Gypsum and anhydrite 49.6 Increasing 1.7 Domestic Y Y Y5>

11 Kaolin 72.3 Stable 442 Mainly Y Y -
domestic

12 Magnesite, raw <10 .Stronglly 4.0 Domestic Y Y -

increasing
Magnesite, calcined, .

13 dead-burned and fused >200 Increasing 100 Scarce N N -

14 Phosphorus 136.1 Increasing 100 Scarce N N -

15 Phosphate rock 434.4 Variable 100 Scarce N N -

16 Potash salts 938.2 Increasing 96.0 Scarce Y Y -

Mainl

17 Salt (rock salt and brine) 295.7 Variable 17.6 am y Y Y -
domestic

18 Sand and gravel 1596.8 Variable 1.0 Domestic Y Y -

aggregates
19 Sulfur, elemental 222.5 Stable 5.3 Domestic Y6 Y -
20 Talc and steatite 42.8 Increasing 100 Scarce N N -

! accompanying metal in Cu-Ag ores deposits without estimated resources; 2 currently uneconomic resources; 3 some highest quality deposits of quartz and glass sand; #
from constructions demolition and on the basis of some industrial wastes, ®> synthetic gypsum from flue gas desulfurization in power plants; ¢ native sulfur and sulfur as
accompanying element in hydrocarbon deposits; Y —yes, N—no, - not applicable.
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3.1.2. Consumption Trends of Selected Key Minerals for Polish Economy

Among the 19 key minerals for the Polish economy, which show a growing (or at
least stable) trend of consumption, fossil fuels—crude oil and natural gas, as well as
coking coal—are and will be consumed in the near future, definitely in the largest
amounts exceeding 10 million tonnes/year. In the case of numerous rock minerals, the
volume of such consumption also reaches several million t/y. For example, this applies to
gypsum and anhydrite, dimension stone, industrial dolomite, glass sand and potash
salts, and more recently to feldspars. The use of metallic raw materials analyzed here is at
least an order of magnitude lower (Table 4).

For a many of the 19 analyzed minerals, a significant increase in demand of the
Polish economy was recorded in the last decade, reaching 5% annually, and in several
cases (lead, ball clays and refractory clays, raw magnesite) even 8-10% annually. It re-
lated to a significant development of many branches of domestic metal and machine in-
dustry, chemical industry (including fertilizers), and building materials industry, where
these minerals are used (Table 4). However, in the analyzed group there were also min-
erals whose consumption did not show any growth trends, being stable with only slight
fluctuations. This applied in particular to coking coal, titanium ores and concentrates,
foundry sand, kaolin, and sulfur (Table 4).

Forecasts made last year concerning the development of demand for particular raw
materials in the Polish economy [85] indicated that for some of these minerals, general
demand growth trends may be maintained, although the rate of growth may be lower
than in the last decade. This includes oil and natural gas, ball clays and refractory clays,
feldspars, glass sand, gypsum and anhydrite, crude magnesite, and potassium salts.
Maintaining or increasing the demand growth rate in this group of minerals may concern
only few metals, in particular copper, zinc, and lead (Table 4), which is related to the
expected further development of the metal industry, also in the context of the needs of
the developing renewable energy sector. In turn, the energy transformation initiated to-
wards a reduction in the use of fossil fuels, apart from a rapid fall in the use of thermal
coal and lignite, will probably cause a slowdown or even a decline in the use of crude oil
after 2030. In the case of natural gas, the continuation of the upward trend can be ex-
pected until about 2040, as in this period it will be a source of energy ensuring the
preservation of flexibility of the national power system with a rapidly growing share of
renewable energy sources, probably also with its growing use in the municipal and
household sector. However, this is assumed to be a transitional energy source whose
importance will begin to decline after 2040 [86].
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Table 4. Level of consumption and main users of the selected 19 key minerals with increasing consumption trends and existing or potential domestic sources in Po-

land (based on [85]).

. Level of Consumption Trend . .
No. Mineral 2009-2018 2009-2018 Expected Future Trend until 2040 Main Users
Fuels
tabl ti fter 204 i-
1 Coking coal 9.9-13.5 Mtpy Stable consumption Stable consuréll}; doer;l(iie)e T 2040 possi Production of coke for steelworks and for households
i 2-39 til 2030, th
2 Crude oil 20.6-27.8 Mtpy Increase >5%/y Some increase 2-37%/y until 2030, then Oil products, petrochemical products
stable or decrease
Further i —59 fter 204 it fertili lectricity and heat ti 1 k
3 Natural gas 12.8-17.2 billion m*py Increase >5%/y urther increase 3-5%/y (after 2040 Nitrogen fertilizers, electricity and hea genera. ion, glassworks,
stable or decrease) cement plants, households heating
Metallic minerals
4 Copper 203-296 ktpy Increase ca. 2%/y Increase up to 4-5%/y Copper wires, sheets, strips, pipes, rods, Cu alloys
5 Lead 75-193 ktpy Increase >10%/y Increase 5-8%/y Acid-lead batteries, Pb oxide
v iable. i .
6 Nickel 0.7-3.6 ktpy ey va.rlab & increasing Some further increase Stainless steel, Ni alloys
in general
Titani d
7 flanium ores an 81-105 ktpy Stable, slightly variable Stable, slightly variable Titanium white
concentrates
X Increase >5%/y, but varia- L.
8 Zinc 47-145 ktpy ble Increase >5%/y Steel galvanization, Zn alloys, Zn compounds
Industrial minerals
9 Ball clays and 367-693 ktpy Increase >8%/y Increase 2—-4%/y Ceramic tiles, refractories, ceramic sanitaryware
refractory clays

10 Dimension stone 1549-2772 ktpy vers Viﬁa;ifl’elrr;reasmg Some further increase Dimension stone for buildings and tombstones, road stone
11 Dolomite, industrial 1824-3373 ktpy Very vail;a;)ii;r;reasmg Some further increase Glass, ceramics, refractories, steelworks, fillers, fertilizers
12 Feldsp;x;;:;?sl;elated 745-1,095 ktpy Increase 4-5%/y Increase 2-3%/y Ceramic tiles, glass, ceramic sanitaryware

13 Foundry sand 720-920 ktpy Stable Stable or small increase Foundries, dry mortars

14 Glass sand 16462213 ktpy Increase 4-5%/y Increase 2-3%/y Glass

15  Gypsum and anhydrite 35114362 ktpy Increase 2-3%/y Increase 1-2%/y Gypsum plasterboards, gypsum binders, cement

16 Kaolin 214-287 ktpy Stable, slightly variable Stable, slightly variable Ceramic tiles, ceramic sanitaryware, paper, rubber, paints
17 Magnesite 52-133 ktpy Increase >8%/y Increase 2-4%/y Fertilizers, Mg compounds

Potash salts (K-Mg Increase >5%/y, but varia- e
18 salts) 192-1118 ktpy ble Increase 1-2%/y Fertilizers, K compounds
19 Sulfur 322-569 ktpy Stable, slightly variable Stable, slightly variable Sulfuric acid for fertilizers production, (rubber, paper, food)

Number 1,4-5, 8, 10-17 and 19 —Group 1 of analyzed minerals—domestic or mainly domestic minerals, Number 2-3, 6-7, 9 and 18 —Group 2 of analyzed minerals—scarce minerals (see

Table 2).
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3.1.3. Resources and Extraction of Minerals for Production of Selected Key Minerals in
Poland

Of the 42 selected key minerals for the Polish economy (see Table 3), for 27 of them
domestic documented deposits for their production are known, including 21 minerals
currently being exploited in Poland. Table 5 provides detailed information on the size of
the resource base and extraction, but limited to 19 groups of minerals with stable, grow-
ing, or strongly growing consumption trends as shown in Table 2.

Among the key fossil fuels, coking coal is domestic, with a documented resource
base of 21 billion tonnes in deposits located in Southern Poland —within the Upper Sile-
sian Coal Basin. It is estimated that coking coal constitutes about 27-28% of the hard coal
resources documented in Poland [87]. The average annual output of coking coal
amounted to almost 12 million tonnes in the analyzed decade, showing a clear upward
trend. Considering average annual output of this raw material and its industrial reserves
in currently developed deposits, sufficiency of reserves should be assessed (Table 5). Two
other analyzed key fossil fuels—crude oil and natural gas—are in deficit; in the case of
natural gas the domestic production has been decreasing in the recent years, with a very
short period of sufficiency of developed resources (only 7 years). Stable oil production in
recent years—at the level of only about 0.8 million t/y —and relatively small reserves in
developed deposits is the basis for defining the sufficiency of its reserves for about 15
years (Table 5). At the same time, it should be stressed that a vast majority of Polish oil
deposits are currently under exploitation [65,70,77], and the perspectives of discovery of
new rich deposits are small.

Among the analyzed metallic minerals the largest resources, but also the largest
(although slightly decreasing in recent years) average annual output exceeding 470,000
tonnes Cu/y, are recorded for copper ore. The silver extracted from these ores is also
noteworthy. Its content in mined ore showed an upward trend, averaging over 1400
tonnes per year for the years 2009-2018. For both raw materials, copper and silver, the
large resource base of the active mines guarantees long reserves sufficiency, estimated at
around 50 years. On the other hand, mining of Zn-Pb ores in the Silesian-Cracow region
is in decline in Poland. Despite the still relatively large resource base for these metals, the
last Zn-Pb ore mine in Poland was finally closed in December 2020. However, that re-
covery has remained an important source of lead for years—in recent years about 70% of
the domestic production of refined lead came from secondary sources [10,85]. The total
production of refined lead in Poland is about 130,000 tonnes per year [88] and, according
to the Economic Chamber of Nonferrous Metals and Recycling [89], the processing rate of
lead-bearing battery scrap is over 95%. Among the analyzed metallic raw materials, lead
is the one for which extraction from secondary sources has the highest share, significantly
exceeding the production from mineral deposits. Small nickel deposits and large but poor
deposits of vanadium-bearing titanomagnetite ores are also documented in Poland (Ta-
ble 5). However, there are no prospects for their development in the near future.
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Table 5. Mineral resources and mining output for the production of selected key minerals for the Polish economy (as of the end of 2018). Based on [70], own calculations.

Recognized Recognized Recognized Average Sufficiency of Tendencies of Mining
No. Minerals Resouarces Resources of Reserves of Mining Output  Reserves of Active Output
Active Mines Active Mines 2009-2018 Mines (years)
Fuels

1 Coking coal kt 21,056,540 11,009,640 1,286,540 11,849.5 108.6 (long) Stable

2 Crude oil kt 23,957 22,154 13,017 817.2 159 Stable

3 Natural gas mln m? 142,160 90,556 42,269 5356.9 7.9 Decreasing

Metallic minerals

4 Copper kt Cu 48,722 30,400 23,741 473.4 50.1 Decreasing

5 Lead kt Pb 4074 1,749 75 70.4 1 Variable

6 Nickel kt Ni 209 - - - - -

7 Titanium ores kt TiO2 97,700 - - - - -

8 Zinc kt Zn 6222 1062 196 70.1 ! Decreasing

Industrial minerals
9 Ball clays and refractory clays kt 222,479 2294 2220 236.9 9.4 Increasing
Crushed and dimension stone —for the
10 production of crushed aggregates and kt 11,935,411 6,276,450 3,495,790 66,530.5 52.5 Increasing
dimension stone

11 Dolomite, industrial kt 508,947 214,298 131,193 3,034.5 43.2 Increasing

12 Fedspars and related minerals 2 kt 152,320 16,256 5254 62.6 83.9 Decreasing

13 Foundry sand kt 307,877 50,028 18,600 1,172.5 15.9 Decreasing

14 Glass sand kt 776,512 193,840 67,422 2,259.4 29.8 Strongly increasing
15 Gypsum and anhydrite kt 255,230 83,329 67,686 1,125.8 60.1 Decreasing

16 Kaolin kt 272,241 54,015 45,976 276.1 166.5 Increasing

17 Magnesite kt 15,904 3693 3693 83.6 44.2 Strongly increasing
18 Potash salts (K-Mg salts) kt 704,998 - - - - -

19 Sulfur kt 538,711 18,248 17,420 601.7 29.0 Variable

! Extraction from Zn-Pb deposits was stopped in December 2020 and future extraction of Zn-Pb ores in Poland is unlikely, 2 over 90% of production comes from granite

crushed and dimension stone deposits. Number 1,4-5, 8, 10-17 and 19 —Group 1 of analyzed minerals—domestic or mainly domestic minerals, Number 2-3, 6-7, 9 and 18 —Group 2
of analyzed minerals—scarce minerals (see Table 2).
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The analyzed key rock minerals are documented in Poland in over a thousand de-
posits [70] located mainly in the southern part of the country. The largest resource base
(exceeding 6 billion tonnes) among the analyzed raw materials is represented by crushed
and dimension stone for production of crushed aggregates and dimension stone. This
group also records the highest average annual output—65 million t/y (Table 5). The sys-
tematic increase in the extraction of these minerals is based on significant reserves doc-
umented in active mines. Consequently, their sufficiency is estimated at over 50 years.
Long (more than 30 years) reserves sufficiency with growing or strongly growing ex-
traction is characteristic also of industrial dolomite, kaolin, magnesite, and glass sand.
Long period of sufficiency of developed reserves also concerns minerals with variable or
decreasing consumption, such as gypsum and anhydrite or sulfur (Table 5).

In the group of key industrial minerals there are also two minerals of scarce charac-
ter. These are ball clays and refractory clays, exploited in Poland on a small scale, with
the reserves availability not exceeding 10 years, as well as yet undeveloped deposits of
potassium sulphate salts.

3.2. Indications on the Safeguarding of Deposits for the Production of Selected Key Minerals

In Poland there is no commonly accepted and legally sanctioned definition of the
term “safeguarding of mineral deposits” [90]. All views on this subject are descriptive
and postulative. In this paper, the safeguarding of mineral deposits is considered in the
context of undeveloped deposits and is defined as the necessity to ensure future access to
resources through appropriate development and use of the area above the documented
deposit. Each time, the starting point for safeguarding understood in such a way is a
proper multi-criteria evaluation of deposits completed with their ranking. In Poland it is
particularly important due to a huge—exceeding 14 thousand —number of documented
deposits, mostly of rock, but also of energy, metallic, and chemical minerals. Providing
equivalent protection for all of them, with relatively extensive environmental, land use,
and social conditions, may give rise to many conflicts. It is therefore justified to designate
those most valuable mineral deposits which would be subject to legal obligation of
safeguarding.

In Poland, the methodology of ranking and assessment of deposits has been re-
peatedly applied to various types of minerals (e.g., [91-101]). As a result of such exten-
sive work, deposits were selected which—based on various criteria, but basically in view
of the size of resources and quality of the minerals—seem to be the most attractive and
valuable.

The results of the evaluation of mineral deposits for selected key minerals for the
Polish economy presented below assume that these deposits will be classified in at least
two categories:

e  National —deposits of the greatest economic importance for the country, for which
decisions on their safeguarding and development should be taken at the level of
national administration;

e  Regional —deposits of significant economic importance for the region, which should
be decided at the level of regional (provincial) administration.

Such a division is directly connected with the hierarchy of the land use planning
system in Poland, which is widely recognized as the most important instrument in the
safeguarding of mineral deposits [64]. In such a context, deposits of national importance
should be considered in planning documents of the national level, i.e., first of all in the
national development concept. This in turn—according to the act on planning and spatial
development [102] —is to ensure that they are considered in regional documents (prov-
ince spatial development plan) and local documents (the study of conditions and direc-
tions of spatial development in the municipality and the local spatial development plan).
They should also be the subject of other strategic documents of the state, such as mineral
policy or energy policy. In the case of these deposits, the priority is to establish a mining
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direction over the deposit, which would ensure unrestricted access to its resources in the
future. On the other hand, the safeguarding of deposits from the second category (re-
gional) should be considered on the regional level, taking into account economic needs of
the region. A method of utilizing the area of the deposits included in this category other
than for commercial purposes should require a decision of the province marshal, based
on detailed geo-environmental, planning, social, and economic analyses.

The starting point for further considerations is the assumption that deposits of en-
ergy and chemical minerals and metal ores are minerals of important economic im-
portance on a national scale, because, in accordance with the Geological and Mining Law
of Poland, they are owned by the State Treasury [103]. Therefore, they should be pro-
tected as a whole, and the assessment of the assets of individual deposits in terms of the
safeguarding of their resources, by applying detailed criteria, is—in most cas-
es—unnecessary [104].

Due to the critical nature of coking coal and the limited possibilities of its supply
from other primary sources in Europe, safeguarding should be extended to all hard coal
deposits in which a significant amount, or the majority, of the resources is coking coal.
Currently, it is 21 deposits.

From among analyzed mineral deposits for obtaining key fuels for the Polish
economy, most crude oil deposits are currently exploited [77]. Admittedly, there is still a
group of undeveloped deposits (27 deposits) [70], but these are mostly very small de-
posits whose potential economically justified exploitation can only take place in a situa-
tion of joint exploitation with adjacent deposits, or abandoned deposits of only historical
significance. The White Book of Mineral Deposits indicated the necessity of safeguarding
only four oil deposits [65]. Updating this list relative to the end of 2018 [70] would au-
thorize leaving only one deposit. Several dozen undeveloped natural gas deposits are
also discussed —these are mostly undeveloped deposits, but also a large group of aban-
doned deposits. The White Book of Mineral Deposits mentioned above—after updating
to the state as of the end of 2018 —would make it possible to select 10 deposits intended
for such safeguarding. Should be mentioned that during last 10 years of Polish gas de-
posits reserves (despite exploitation), have increased by 10 billion m3. Moreover, deposits
that were not designated for safeguarding (based on White Book), are currently being
prepared for exploitation or even exploited. These facts confirm that deposits of strategic
minerals should be protected comprehensively (without categorization).

In Poland about 40 deposits remain undeveloped, from which theoretically it is
possible to obtain metallic key raw materials listed in Tables 4 and 5: copper, zinc, lead,
nickel, and titanium ores. A significant role in this group is occupied by Polish deposits of
copper ores (or more precisely: deposits of copper and silver ores). Out of the 12 deposits
documented in South-Western Poland, four are currently undeveloped and two deposits
have been abandoned. Over 87% of the documented resources of this mineral are con-
tained in currently developed deposits. In terms of resource potential, undeveloped de-
posits are therefore of lesser importance, but this does not disqualify them from the
highest protection [65]. The situation is different for Zn-Pb ore deposits. Of the 21 proven
deposits, three were formally closed in December 2020, mainly due to resource depletion.
As a result, all resources from which there is a possibility of obtaining zinc and lead ores
in the future lie only in undeveloped deposits. Among them only three, with total re-
sources of almost 50 million tonnes of Zn-Pb ore (about 3 million tonnes of Zn and about
1 million ton of Pb), can be described as sufficiently known [105] and requiring special
considerations for their safeguarding. However, in accordance with the strategic nature
of ore deposits for the country’s economy, other deposits with much smaller resources
should also be subject to appropriate safeguarding.

Single deposits of other metals ores have been evaluated in Poland mainly using an
expert method. This is the case, among others, of the few documented nickel ore deposits
in Lower Silesia. The resource base of this metal is contained in 4 deposits with resources
of about 125,000 tonnes Ni [70]. Three of them were in operation by 1983 [106].
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Titanium ore deposits in Poland have been documented in NE Poland in Suwatki
vicinity in three large, poor deposits with total resources exceeding 1.34 billion tonnes of
titanomagnetite ore with vanadium [107,108], including 97 million tonnes of titanium
oxide [53]. It should be emphasized that over 80% of these resources are connected with
one deposit—Krzemianka. However, at present it seems that in the area of this deposit
the issues of environmental protection are dominating (the area of so called “green lungs
of Poland”), and the plans considered in the past for development of a mining district
here are of only historical significance only [109]. This is also confirmed by the fact that in
1996, the resources of Fe-Ti-V ore deposits, among others, were considered uneconomi-
cal, due to the high depth of occurrence (more than 1000 m) and the lack of fulfilment of
requirements regarding the ore quality [108,110]. The small size of the resource that could
be considered economic and the form of its occurrence in the form of small, isolated ore
bodies do not justify further documentation work here. In view of the aforementioned
reasons the priority of environmental protection requirements in the Suwalki region in
relation to economic use of these deposits seems to be non-threatened [107].

The most numerous resource base for the production of key minerals in Poland is
represented by deposits of rock minerals. Their common occurrence and relatively large
resource base mean that their safeguarding should be considered (with a few exceptions)
mainly at the regional level. At the same time, it was this group that was most often
subjected to evaluation aimed at identification of the most valuable deposits in order to
protect them. The last, and at the same time their most comprehensive, evaluation was
developed by Nie¢ and Radwanek-Bak [99]. This was the basis for multi-criteria evalua-
tion of all rock mineral deposits documented in Poland. In accordance with the concept
proposed by these authors, several deposits were selected into three categories with dif-
ferent scope of safeguarding: (1) highest; (2) high, and (3) ordinary. According to the
minerals’ values (understood in this methodology as the number of resources and the
quality of the mineral), the management of deposits and their safeguarding should be
considered within the framework of land use management planning at the national scale
(deposits of category 1), regional scale (deposits of category 2), and local scale (deposits
of category 3) [111].

With reference to the analyzed mineral deposits from which the selected key min-
erals may be obtained, the largest number, 119 deposits (out of 247 undeveloped depos-
its) requiring the highest or high level of protection were selected in the crushed and
dimension stone group. These are deposits with significant resources and characterized
by high quality minerals for specific uses, including unique decorative values for the re-
valuation of monuments. The same evaluation identified 11 industrial dolomite deposits,
of which three deposits should become of national interest [99]. High economic value
was also determined for 12 documented and presently undeveloped deposits of glass
sand and six deposits of foundry sand in Poland [111]. The group of valued deposits also
includes gypsum and anhydrite deposits, four of which require the highest level of
safeguarding and another five require a regional decision. This result was also confirmed
in other assessments carried out in Poland [100].

In 2017, the evaluation proposed by Nie¢ and Radwanek-Bak became the starting
point for a multi-criteria analysis developed and tested within the international MINA-
TURA2020 project [112,113]. The methodology was intended to delineate mineral de-
posits of public interest at the national and regional levels. This division would be re-
flected in the safeguarding of those deposits. Testing of the evaluation for selected rock
mineral deposits in Poland made it possible to indicate six rock mineral deposits which
should be subject to safeguarding, including five for which the safeguarding should be
considered at the national level. For kaolin two such deposits were selected and the re-
maining eight would be considered for safeguarding at the regional level [101].

Deposits of chemical minerals were evaluated relatively least often in Poland and
the evaluation was carried out only for deposits of native sulfur [95]. Nevertheless, as
mentioned above, chemical minerals are of great importance for the national economy
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and especially in the case of native sulfur and potassium salts they should be entirely
subject to the highest safeguarding. According to the above assumption, there would be
seven deposits of native sulfur and five deposits of potassium salts, so far undeveloped.

3.3. Key Polish Minerals against the Background of the Minerals Market in Europe

Polish mining industry in several aspects stands out against the background of the
European Union. Recently, on the international forum there has been a discussion mainly
about the reasons and consequences of the decreasing significance of the Polish hard coal
mining in the context of its gradual liquidation (e.g., [114-117]). In some cases, the min-
erals obtained by the Polish mining industry have played and may continue to play an
important role in ensuring the Community’s minerals security. This applies in particular
to coking coal, copper and silver, and sulfur discussed below.

3.3.1. Coking Coal

For years, Poland has remained the largest producer of high-quality coking coal in
the European Union [79,85] and one of the leading producers of coke (based on domestic
coking coal) used in steel melting. Apart from Poland, coking coal is only exploited in the
Czech Republic (Figure 1), and among European countries outside the EU—in Russia
and Ukraine [73]. Its exploitation in Germany was completed in 2018 [118]. According to
World Mining Data [73], annual coking coal output in the EU has seen a steady decline
from 25 million tonnes to 15 million tonnes between 2010 and 2018. In Poland, through-
out the analyzed period it remained at a similar level of about 12 million tonnes annually,
constituting in recent years almost 80% of total output in the EU countries (Figure 1). At
the same time, it is estimated that community demand for coking coal in the analyzed
period averaged 50 million t/y [119], and Poland satisfied % of that demand. The deficit
in coking coal on the EU market was met by imports mainly from Australia, USA, Can-
ada, and Russia, and in recent years from Mozambique [79,120]. The level of these im-
ports is likely to increase due to the eventual phasing out of Czech coal mines.
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Figure 1. Production of coking coal in Europe and European Union. Based on [69,73].
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In Poland, the main producers of coking coal are the underground mines of Ja-
strzebska Spotka Weglowa S.A. (JSW). About 86% of the domestic production of this raw
material comes from them [120,121]. It is used in Central Europe, mainly for the produc-
tion of coke consumed by local mills belonging to international steel producers. The
high-quality coke produced by the JSW Group is also sold on the domestic and interna-
tional markets. The strategic products in the Group’s offer include blast furnace and
foundry coke (75% of coke production in the Group). The main recipients of the JSW
Group’s products (coking coal and coke) are customers from Poland, Germany, Austria,
the Czech Republic, Slovakia, and Italy as well as France, Serbia, and Hungary [122]. The
JSW Group processes approximately 45% of the coking coal produced by the group at its
own coking plants, with the remaining portion destined mostly for the domestic market
(coking plants not related to the company —approximately 80% of what remains) and
export (20%), primarily to EU countries [120].

The JSW S.A. company’s mines have total coal resources of approximately 6.7 billion
tonnes, including 1 billion tonnes of reserves [121]. The group intends to expand the base
of its reserves to enable it to maintain its strong position on the international markets for
coking coal and coke for the next several decades if the demand for this raw material is
maintained in this time horizon [122].

3.3.2. Copper and Silver

Among the key metallic raw materials manufactured in Poland, copper is of major
importance in the context of securing the needs of the European Union. To date the
KGHM Polska Miedz S.A. concern has been the sole user of the largest in Europe and one
of the largest in the world deposits of polymetallic Cu-Ag ores located in South-Western
Poland [123]. The deposits for which KGHM holds mining licenses, as well as exploration
licenses, or is in the process of obtaining them [124], are among the largest and most
promising deposits of copper ore, silver, and other metals in Europe, providing the basis
for the Company’s operations for at least the next 35 years (with respect to deposits cur-
rently in operation and those planned for subsequent years).

According to CRU International estimates [125], KGHM ranked eighth largest of the
world’s copper mining producers in 2018; however, this was influenced by the mining
carried out by the company also in other (outside Poland) mines located in Chile and
Canada. In Europe, KGHM is by far the largest mining copper producer and refined
copper producer, with production many times greater than other major producers such
as Spain, Bulgaria, Sweden, Portugal, and Finland [72,73] (Figure 2). Although in this
respect Poland’s share is steadily declining from 63% in 2009 to 44% in 2018, it is still
dominant among European countries. All the copper ore concentrates produced by the
Polish mines of KGHM are sent for the production of refined copper in adjacent (domes-
tic) smelters, for which imported copper ore concentrates are also used, currently ac-
counting for 10-15% of total input. The company’s strategy assumes maintaining refined
copper production at the current level of over 500,000 tonnes annually, at which it has
remained for almost 20 years (Figure 3). Currently, production in Poland accounts for
nearly 20% of total refined copper supply in the EU [126]. At the same time, Poland is the
leading exporter of refined copper to European markets, mainly to Germany, followed by
Italy, France, and Turkey [69,127].
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Figure 2. Mine production of copper in European Union countries. Based on [73].
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Figure 3. Production of refined copper in EU countries. Based on [55].

The outlook for copper mining and smelter production in Poland is also optimistic.
Cu-Ag ore resources located in the area of Gltogdéw Gleboki-Przemystowy (the most im-
portant mining investment project currently carried out by KGHM in Poland) constitute
about one fourth of copper reserves and about one third of silver reserves in all licensed
areas of KGHM Polska Miedz S.A. in Poland [128]. According to the investment plan,
between 2028 and 2035, the production from this new area will be 10-11 million t/y of ore,
from which 200,000-220,000 t/y of refined copper can be obtained. This will allow KGHM
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to maintain its planned level of ore extraction from domestic deposits at over 400,000
tonnes Cu/year for at least the next 30 years [129]. Development of further, deeper Cu-Ag
ore deposits by Miedzi Copper Corp. belonging to the Canadian Lumina Group, in par-
ticular the Nowa S48l deposit, cannot be ruled out [130].

Polymetallic deposits located in south-western Poland, for which KGHM holds
mining concessions, and KGHM and Miedzi Copper hold exploration concessions [131]
are also the richest and largest sources of silver in Europe and one of the largest in the
world. Within the EU, KGHM is the clear leader in terms of refined silver production
[132] with significant production also recorded in Sweden (Figure 4). According to the
World Silver Survey, Poland ranks seventh in the world in terms of silver production,
and among mining companies KGHM ranks third in the world in this respect.
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Figure 4. Silver production in European Union countries [52,56,107].

Refined silver produced in Poland is almost entirely exported, with exports level of
1,2-1,4 milion tonnes per year from 2009 to 2018. It is directed almost exclusively to other
European countries [69,82,85].

Silver production in Poland is inextricably linked to the exploitation of copper and
silver ore deposits. The prospects for developing or at least maintaining its production
are therefore closely linked to the prospects for the operation of mines exploiting these
deposits, which currently reach at least 35 years.

3.3.3. Sulfur

Poland is currently the only country in the world producing native sulfur with un-
derground smelting method (the so-called Frasch process) [133] from native sulfur de-
posits [84,126,134]. In Europe, sulfur from deposits, but pyrite deposits, is still carried out
by Finland. This production is complemented by the recovery of sulfur from sulfurized
hydrocarbon deposits (usually in the form of elemental sulfur) and in the processing of
metal ores (in the form of sulfuric acid) carried out in many EU countries [126,135-136]
including Poland. Poland supplied on average in the analyzed decade about 880,000 t/y
of sulfur with over 60% of production coming from the exploited deposits of native sul-
fur. In total, considering sulfur production in all forms (including recovered sulfuric ac-
id), Poland’s share in total EU production amounted to about 15% in recent years, which
allowed it to remain among the European leaders of producers (Figure 5).
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Figure 5. Sulfur production in European Union countries [51,52,73].

In the analyzed decade Polish sulfur export remained in the range of 400,000-
580,000 t/y, being directed to many recipients in the world, with the biggest share to
Morocco—one of the biggest sulfur consumers in the world (57-83% of sales), but also
Brazil, the Czech Republic, Germany, Finland, and Slovakia [51,127]. The total volume of
sulfur exported to EU countries was relatively low in the analyzed period and amounted
on average to 67,000 t/y, but it is worth mentioning that it has been clearly increasing in
recent years.

4. Discussion

Among the industries which seriously contribute to the GDP in Poland, mining oc-
cupies fourth place. In 2018, the mining and quarrying industry generated 5.1% of na-
tional GDP. At the same time, more than 134,000 people worked in the mining industry
in 2018. It is estimated that 540,000 people more are employed in supply companies in
this industry [137]. The Polish mining industry is often mistakenly identified with hard
coal and lignite mining. It is still dominant in the employment structure (together with
copper ore mines), but in reality, the Polish mining industry consists of more than 2600
economic entities (state and private) of various sizes. This number has doubled over the
past several years [138]. According to Eurostat, they account for over 15% of enterprises
operating in the EU in the “mining and quarrying” sector, which puts Poland in the first
place in terms of the number of entities [139]. In Poland, most of this number are opencast
mines supplying over 40 different rock minerals necessary for the proper functioning of
the economy. To this number another few thousand business entities from the industrial
processing section should be added [138] operating based on domestic mineral resources.
Moreover, among the 20 largest enterprises in Poland, eight of them, or parts of their
groups, directly operate in the mining sector, which includes hard coal, lignite, ore, and
hydrocarbon extraction. Analyses of the Mining Chamber of Industry and Commerce
[140] indicate that 33% of revenues of mining companies in Poland are transferred to the
central and local budgets. This influences the fact that Poland has the highest in the Eu-
ropean Union and one of the highest in Europe, as almost 60%, MCI (Mining Contribu-
tion Index) which determines what part of revenues of mining companies returns to so-
cial budgets in the form of taxes and other fees [141].
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At the same time, in recent years the Polish mining industry has been undergoing
dynamic changes dictated by macroeconomic, technological, social, and legislative chal-
lenges. Access to minerals as factors of production still is (and will remain for a long
time) the condition for dynamic industrial development of Poland. Securing their supply
from imports must be backed by a committed foreign policy, including an economic one,
as well as a sustainable policy of obtaining minerals from domestic sources, both from
mineral deposits and secondary and waste sources. This is why it is so important to draw
up a minerals security strategy which, in addition to making an inventory of deposits and
their legal protection, should contain clear rules to safeguard the common interest. Ul-
timately, it will contribute to reducing the investment risks associated with exploration
and exploitation of deposits [46]. Though the European Commission recommended the
design of individual EU Member States” mineral policy strategies a decade ago [15] and
numerous “old” European Union members have designed such strategies, in the Central
and Eastern Europe such complementary mineral strategy has been introduced only in
the Czech Republic [24,142], although work in this area is or was also carried out, inter
alia, in Romania, Hungary, and Estonia [20,25]. In the last cases, the different scope of
minerals for the proposed actions in the field of mineral policy have been noticeable, but
in all cases the emphasis has been on the sustainable use of domestic available mineral
sources, especially minerals deposits, also with recycling actions, sometimes also paying
attention to the needs in the scope of liquidation of the previous mining activity. The
Czech mineral policy is more comprehensive, with appropriate “mineral diplomacy” to
provide imported minerals being its important pillar [25]. The work on the mineral policy
of Poland to date has also aimed at such a comprehensive approach, highly consistent
with the general indications of the EU Raw Materials Initiative [46], but considering its
own current and future minerals needs and specific circumstances of the Polish economy,
as well as the need to be coherent with other state policies such as environmental policy,
energy policy, and land use policy.

Poland’s crude oil and natural gas resource potential necessitates continual imports,
which in the perspective of at least the next several years will be compounded by their
growing consumption, including in important sectors of the domestic economy such as
the petrochemical industry, production of mineral fertilizers, and electricity. Crude oil is
the main industrial raw material and natural gas is the main industrial and energy raw
material for the Polish chemical industry, which is the second largest industrial sector in
Poland in terms of value of production sold and the third largest in terms of employment
[143]. Obviously, ensuring access to domestic oil and gas deposits is important, also in
view of the need to diversify supplies of these raw materials—in accordance with Po-
land’s energy policy [86]. In the context of ensuring energy security, however, domestic
resources are not significant, and this situation is unlikely to improve significantly.

However, coking coal deposits occurring in Poland deserve special attention. The
quality of these coals is high enough [144] that Poland can produce coke for demanding
international markets with virtually no competition in this part of Europe. JSW Group,
which is a near monopolist in the domestic market for coking coal mining [120], addi-
tionally has its own coking plants. As a result, it supplies both coking coal and coke to its
customers. Poland was, in 2018, the second largest exporter of coke in the world after
China [120]. In 2019, it already ranked first with nearly 24% share of global exports [145].
JSW Group’s strong position results from the resources it possesses as well as from its
favorable location in relation to key European steelworks which are the Group’s main
customers for coking coal and coke. As both the coking coal and coke markets have a
global dimension, this strengthens Poland’s position in the international arena, particu-
larly in Europe. This is supported by the fact that coking coal has been identified as crit-
ical for the EU for many years [79]. At the same time, it is important for the European
steel industry (as the final link in the coking coal — coke —steel supply chain) to guarantee
a stable supply of basic raw materials at competitive conditions. In this respect, high
prices of Chinese raw materials in recent years have encouraged some steelworks to in-
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crease purchases from alternative sources, including Poland [146]. Hence, the importance
of Poland as a producer of coking coal, given the current state of resources and their re-
serves sufficiency (Table 5), will certainly be very relevant for years to come. The long
sufficiency of reserves in currently developed deposits does not release from the neces-
sity to consider the safeguarding of resources of this raw material in undeveloped de-
posits, but also in selected prognostic areas [147]. This is particularly important in view of
the growing demand from the metallurgical industry and, at the same time, depletion of
deposits with the highest quality coal (hard type) most preferred in coke production
processes [148].

The production of copper (and related silver) from domestic Cu-Ag ore deposits
should be considered in a similar context. Despite significant sufficiency of reserves in
the deposits currently exploited (Table 5), the necessity to safeguard also undeveloped
resources in selected deposits should be considered in the future. However, raw material
consumption trends, domestic, European, and global [149,150], indicate the growing
importance of this metal in the perspective of at least the next 20-30 years. These trends
include the increased use of electronic products, the increase in the number of electric
vehicles, increased renewable energy generation, and the continued drive to improve
energy efficiency [85,126,151]. It is particularly important because Poland has been a sig-
nificant exporter of the raw material for years. Since most of the domestic copper re-
sources are in deposits which have already been developed, in the case of this raw mate-
rial the protection of prognostic areas should be equally important [130]. At present, most
of these areas are covered by concessions for prospecting [131] which will make it possi-
ble in the future to determine their resources, assess the content of other metals (not al-
ways studied in the past) and geological and mining conditions, mainly connected with
exploitation from deeper and deeper levels [152].

On the other hand, the end of exploitation of Zn-Pb ore deposits in Poland should be
a basis for clarification of the state mineral policy concerning future coverage of domestic
demand for zinc and lead raw materials and future use of the domestic resource base,
which is still considerable. In this paper, both zinc and lead are defined as domestic
minerals (see Table 3). While a significant share of recycling will maintain this status for
lead in the coming years, it is likely that zinc will become a scarce mineral. For years,
domestic Zn-Pb steelworks have been forced to use—in the process of zinc produc-
tion—imported Zn ore concentrates as well as secondary and waste materials, with a
strategic assumption to base the production of electrolytic zinc in at least 50% on raw
materials classified today as waste [153]. However, the abandonment of the use of pri-
mary sources should not release the national decision-makers from a proper policy of
protection of several documented, relatively rich Zn-Pb ore deposits in Poland. Cur-
rently, their potential exploitation arouses objections of both local communities and
self-governments [154].

At present, nickel and titanium ore deposits documented in Poland are not of eco-
nomic significance mainly due to too low content of metals, and additionally —in the case
of titanium ore deposits—high depth and environmental constraints. Although the pro-
spects for consumption of both nickel and titanium indicate a growing demand in the
domestic economy, at this point in time, these facilities should not be considered as a
source of these key minerals in the foreseeable future. Thus, their deficit nature will be
maintained in the following years.

Significant resources of key rock minerals in Poland allow to conclude that in spite
of the growing trend of consumption, their predominantly domestic nature remains un-
threatened, provided access to the potential resource base is ensured over at least the next
several years. Large resources and significant extraction of rock minerals allow the Polish
economy to remain independent (or minimally dependent) on their imports. These raw
materials are usually not exported, or only marginally. Nevertheless, it should be clearly
emphasized that many of them are semi-finished products, the production of which
places Poland in the forefront of European manufacturers.
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Poland is currently the third largest producer in Europe of ball clays and refractory
clays, feldspar raw materials, and kaolin, which are the basic components in the produc-
tion of ceramic tiles [155]. Due to the limited absorptive capacity of the domestic market,
exports (also to EU countries), which account for over 40% of production, represent an
opportunity for greater utilization of production capacity [156]. Thus, Poland participates
in the building and development of the ceramics industry which is one of the EU’s stra-
tegic ones [157].

Similarly, the importance of magnesite (used in their raw form or as magnesium
compounds) for the production of complex mineral fertilizers, as well as of sulfur used
indirectly for the production of phosphate and complex fertilizers should be considered.
The production of mineral fertilizers is, in terms of quantity and value, a very important
part of the Polish chemical industry [158]. Additionally, links between the fertilizer sector
and the agricultural economy make it a guarantor of widely understood national securi-
ty, mainly food security [159]. The Azoty Group, a leader on the Polish mineral fertilizers
industry, is at the same time the second largest producer of these fertilizers in the Euro-
pean Union [160]. In the scope of magnesite and sulfur supplies for the production of
mineral fertilizers and other industries listed in Table 4, Poland remains self-sufficient,
using the national resource base whose sufficiency is estimated for the next several dozen
years. However, considering the bad practices observed in the case of native sulfur de-
posits, consisting in the development of areas above the deposits limiting the possibilities
of their exploitation [84,134], the issue of their protection should receive special attention.
Potassium salts are also one of the basic minerals in the production of mineral fertilizers
in Poland [143]. As mentioned in the previous chapters—for the country it is a deficit raw
material (similarly as another fertilizer raw material — phosphate rock), imported in total,
mainly from Belarus and Russia (import to the European Union from these countries is
covered with high customs duties, which influences the increase of production costs).
However, Poland possesses considerable resources of potassium sulphate salts in Puck
Bay in Northern Poland, which in recent years have become the subject of exploration
and prospecting works of domestic and foreign companies [161].

The importance of key minerals used in glass production, including glass sand and,
to a lesser extent, industrial dolomite (see Table 4), can also be regarded as supranational.
Glass production in Poland has been growing for at least 30 years and new investments
in this sector create optimistic perspectives for further development of the industry, the
total annual production capacity of which is expected to exceed 4 million tons in the
coming years. This will account for approximately 10% of glass production in Europe
[162]. Additionally, Polish glassworks of artistic and household glass have an excellent
brand in the world and most of their production is sold abroad [163]. Prosperity in the
group of end customers of the products causes a continuous growth of demand for basic
glassmaking raw materials, especially high-quality quartz sand [164]. At present, it
comes almost entirely from domestic sources, and proper management of undeveloped
deposits will enable this trend to continue in the future.

A thriving part of the Polish mining industry is the extraction of crushed and di-
mension stone, for which the main driver is the development of domestic housing as well
as rail and road infrastructure. These industries are almost entirely based on domestic
resources. Exceptions may be made for imported dimension stone with exceptional dec-
orative quality [82]. The domestic nature of these minerals is ensured by a
well-recognized and documented resource base in several hundred deposits located
throughout the country. On the one hand, the multiplicity of deposits is an advantage,
but on the other hand it encourages their reliable evaluation and assessment to select the
most valuable deposits that require protection. Although the sufficiency of reserves in
exploited deposits is estimated for about 50 years [165] it is with concern that we should
look at the recently growing reluctance of local communities to exploitation of such de-
posits [166,167], often argued by the environmental assets of the region [168]. The lack of
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formal and legal solutions for counteracting such social conflicts may quickly result in
serious limitations of the possibility to exploit many of these deposits.

5. Conclusions

As it results from the data and analyses quoted in the article, the currently devel-
oped deposits will make it possible to satisfy the long-term needs of the Polish industry
for the following raw materials deemed crucial for the Polish economy:

e  Fossil fuels: coking coal;

e  Metallic raw materials: copper (including silver);

e  Construction minerals (crushed and dimension stone);

° Other minerals for various industries (kaolin, feldspar raw materials, glass sand,
magnesite, industrial dolomite, foundry sand, elemental sulfur, gypsum and anhy-
drite).

Among the minerals currently in deficit, crude oil and natural gas will remain in
deficit, and the share of domestic sources in the coverage of domestic demand for them
will gradually fall. However, among the scarce minerals ball clays, refractory clays, and
as potassium salts deserve special attention. At present, use is of their domestic sources is
small (clays) or non-existent (salts), but the potential of the documented resource base
makes it possible to conclude that in the future share of domestic production in meeting
the domestic demand could significantly increase, especially that the industries using
them are developing dynamically in Poland, basing on imported minerals. An appropri-
ate policy for their protection should respond to the changing economic conditions in the
country and the directions of development of the sectors of the economy which directly
benefit from the mining industry. Moreover, Poland’s strong international position in
terms of mining and processing of coking coal, copper and silver, and sulfur obliges it to
react to changes on European and even global markets. The article also points out the key
minerals exploited in Poland, which are an important component in the production of
many products intended for export to European markets (e.g., glass sand, kaolin, feld-
spar raw materials, magnesite). Finally, the list of key minerals for the country is finalized
by crushed and dimension stone, as well as gypsum and anhydrite, which are used
mainly in the domestic building industry and are the basis for meeting the population’s
living needs.

Despite the existence of an available resource base, there are concerns on the indus-
try side that competing land uses and environmental and social issues will lead to supply
problems for some minerals when mining needs to be expanded. This may be particu-
larly true of rock mineral deposits. Avoidance of such a scenario requires complex regu-
lations concerning protection of deposits, which currently in Poland —despite the exist-
ence of relevant legal provisions—do not guarantee protection of the most valuable
mineral deposits in the country [46]. On the other hand, the demand for protection of all
undeveloped mineral deposits in Poland, even if they are potential sources of the ana-
lyzed key minerals for the country’s economy, seems to be unjustified, especially with
respect to very numerous rock minerals deposits. However, the methodologies devel-
oped in Poland for evaluating deposits give grounds for creating an appropriate ranking
and selecting those which should be subject to absolute protection. At the same time, the
postulate that these deposits should be divided into deposits of national and regional
importance seems right [82,84] which would be reflected in planning documents. Obvi-
ously, the changing conditions, including environmental, spatial, and legal ones, but also
those related to the development of mining technologies and trends in the economy de-
velopment, force the necessity to update assumptions of these methodologies and, con-
sequently, their results. Periodical updating of resource potential and possibilities of its
utilization for industries should be included in the national deposit protection strategy as
an element of the postulated, but still not implemented mineral policy of Poland [28].
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The concept of strategic minerals is commonly used in many government docu-
ments (e.g., [28,69]), also in the context of their proper protection. None of these docu-
ments provides a complete definition of strategic minerals, but they indirectly indicate
that in Poland this concept should refer exclusively to mineral deposits owned by the
State Treasury. According to the Polish Geological and Mining Law [86] these are all
deposits of fuels, and metallic and chemical minerals. This assumption is generally cor-
rect and, as mentioned above, all deposits which are potential sources of the mentioned
minerals should be subject to protection without additional evaluation. Even in this re-
spect it is necessary to take a critical approach to the whole known resource base and
eliminate, e.g., deposits with minimal resources or extremely conflictive from the envi-
ronmental point of view (e.g., located within the boundaries of national parks). However,
the analysis carried out in this paper shows that many of the industries that make a sig-
nificant contribution to Poland’s economic development and show optimistic growth
prospects are based on many other key minerals, such as key rock minerals. Their acqui-
sition is one of the pillars of Poland’s stable development. In view of the above, it is nec-
essary that not only the obvious strategic raw materials, but also key rock minerals are
included in the national mineral policy, which has been in place for several years, and in
other government documents.

Despite an in-depth discussion, supported by references, the issues raised in article
require supplementing and continuation in several aspects. At the same time, it can make
a significant contribution to the implementation of the country’s mineral policy. Firstly, it
should be underlined that the list of key minerals should be periodically updated based
on production and consumptions trends. Moreover, the detailed analysis is required for
assessment of availability of the resource base of domestic or mainly domestic key min-
erals. Such assessment should include environmental and spatial conditions and —if
possible—social ones. Together with quality and quantity analysis it would be a base for
updated valorization process of recognized deposits. A significant drawback of the na-
tional mineral policy emerging in Poland is the lack of an up-to-date list of deposits
which could be a source of selected key minerals for Polish economy and which should
be protected (the latest analyses in this area come from 2015-2016). This is of particular
importance in terms of dynamically changing spatial and social conditions.

As for limitations of the study, it should be noted that the number of key minerals
for the Polish economy is quite extensive and they represent several mineral groups.
Because of the volume, it was not possible to carry out in-depth analyzes for all these
minerals. In the future, therefore, it might be worthwhile for individual mineral groups
to make in-depth analyses of the issues discussed, and to compare to the situation in this
respect in other Central and Eastern Europe countries.
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