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Abstract: The EU’s demand for numerous mineral raw materials is growing intensively, while the
security of their supplies (mostly form outside the EU) is often at high risk. This is especially the
case for critical raw materials (CRMs). Poland is now and may be in the future the most important
supplier of numerous mineral raw materials to other EU countries. This is especially the case for
coking coal, copper, silver and elemental sulfur. This article briefly evaluates the current and future
possibilities for the supply of these raw materials from Poland to the EU market.
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1. Introduction

The European Commission in 2011 defined, for the first time, the minerals of the
highest importance for the European Union (EU), which were called critical raw materials
(CRMs). These are mineral raw materials for which undistorted, diversified, and affordable
supplies should be ensured for the EU’s manufacturing industry, being identified on the
basis of two parameters, namely economic importance (EI) and risk of supply disruption
(SR) [1]. This list of CRMs is published every three years, with the first one being published
in 2011 (with 14CRMs), and the most recent one was published in 2020 (with 30 CRMs).
The raw materials that were most recently identified as being critical for the EU met
the following criteria: a minimum threshold value of 2.8 points for the EI index, and a
minimum threshold value of 1.0 point for the SR parameter [2].

Poland is an EU member which is relatively rich in numerous mineral raw materials,
with many of them being recognized as key raw materials for the Polish economy [3].
Poland can also be a crucial link in a supply chain of several raw materials, including
critical raw materials, for the sustainable development of the European Union, as—in
some cases—the minerals obtained by the Polish mining industry play an important role
in ensuring the community’s mineral security. This applies in particular to coking coal,
copper and silver and elemental sulfur, as Poland is a significant exporter of these raw
materials to the EU [4].

This article aims to briefly assess the current and possible future role of Poland in the
supply chain of numerous mineral raw materials important for the EU (including CRMs),
focusing mostly on the abovementioned Polish raw material exports, i.e., coking coal,
copper (together with silver, being a very important by-product of the process of copper
production in Poland), and elemental sulfur.

2. Methodological Approach

This paper analyzes the resources base, production and international trends of selected
raw materials which play a significant role in European Union supply chains. Four raw
materials were selected for analyses: coking coal, copper, silver and sulfur.
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The source materials for the analyses indicated above are relatively extensive. As
regards the size of the resource base and extraction of minerals from deposits, the data
were obtained from the yearbooks of the Balance of Mineral Resources Deposits in Poland
(editions 2011-2019) [5] and the MIDAS database [6]. Both sources were developed by
the Polish Geological Institute—National Research Institute (PGI-NRI). Production and
trade data on minerals in terms of value and volume came from the Central Statistical
Office (CSO) [7]. The 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 (PKWiU) (production data) and Polish Combined Nomenclature
(PCN) (international trade data). Official data are sometimes supplemented with data
coming directly from mining enterprises, including their stock exchange reports, industry
reports, as well as companies’ development policies (e.g., for Jastrzebska Spotka Weglowa
S.A.—JSW, and KGHM Polska MiedZ S.A—KGHM). To illustrate the position of Poland on
the international (European) stage in the case of the selected minerals (coking coal, copper,
silver, and sulfur), the data of Eurostat PRODCOM [8], World Mineral Production [9], and
World Mining Data [10] were used.

3. Results of Analysis and Discussion

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 shortages and
its effects on the economy are higher than in the case of other materials [2,11]. For years,
Poland has remained the largest producer of high-quality coking coal in the European
Union. The recognized domestic resource base is estimated at ca. 21 billion tons in deposits
located mainly in southern Poland—within the Upper Silesian Coal Basin (Figure 1). The
average annual output of coking coal recently stabilized at almost 12 million tons [5]
(Table 1). The output of coking coal in Poland constituted more than 56% of the total
production in the EU countries in 2010-2018 (on average), while it constituted as much as
80% in 2018 (Table 1). In 2018, only one-third of domestic production was exported, mainly
to other European countries [7] (Figure 2). Nevertheless, it should also be mentioned that
Poland is the leading European and one of the leading world producers and exporters
of coke (with its production based on domestic coking coal), which is used—at the pig
iron production stage—in steelworks belonging to international steel producers. Regular
coking coal deliveries are directed mainly to the Czech Republic, Slovakia and Austria,
while supplies of coke are mainly directed to Germany, Austria, Romania and Italy [7]
(Figure 2).

As the largest in Europe and one of the largest in the world, deposits of polymetallic
Cu-Ag ores are located in south-western Poland within the so-called Fore-Sudetic Mono-
cline [12] (Figure 1). As a result, Poland holds the largest anticipated economic copper and
silver resources in Europe, being estimated at 34 million tons of copper and 103,000 tons of
silver [5]. Rudna Mine (belonging to KGHM Polska Miedz) is the biggest copper and silver
ore mine in Europe and one of the biggest underground copper mines in the world.

European supplies of copper ore concentrates, as well as of refined copper, are dom-
inated by the Polish production (Table 1). In recent decades, the Polish production has
accounted for nearly 50% of the total copper ore concentrates production and for more
than 20% of the total refined copper production in the EU (Table 1). Poland is also one of
the world’s leading exporters of refined copper, but this export tendency has been clearly
declining in recent decades due to growing domestic copper consumption. The main items
of trade were cathodes, copper rods and wires [7,13]. The most important directions of
exports in 2018 were China and Germany (Figure 2).

Within the EU, Poland is also the clear leader in terms of refined silver production,
strictly associated with the process of refined copper production from silver-rich copper
ores. The stable volume of refined silver production (Table 1) enabled Poland to maintain
its position as the undisputed leading European silver supplier in the analyzed period,
with its average share of EU production exceeding 67% [7,13]. Almost all of the production
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of Polish-refined silver is exported, with regular deliveries directed mostly to the United
Kingdom, but also to the US and Germany (Figure 2).

Table 1. Production of analyzed mineral raw materials in the EU countries in the years 20092018 [7-10].

Country 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 :‘1‘;:; Aé’g;‘,%: dsli‘:fz:z‘;ge
Coking coal [million tons]
Poland 850 11.70 11.40 1170 1210 1230 13.00 1320 1250 12.00 11.84 56.7
Germany 9.10 7.10 6.80 5.90 4.40 4.40 3.60 2.00 220 1.30 4.68 224
Czech Republic 570 590  5.00 4.80 4.60 4.40 3.80 300 250 200 4.17 20.0
United Kingdom 020  0.30 0.40 0.40 0.20 0.10 0.10 0.10 0.00 0.00 0.18 0.9
EU total 2350 25.00 23.60 2280 21.30 2120 2050 1830 1720 15.30 20.87
Copper concentrates production [million tons]
Poland 044 043 0.43 0.43 0.43 0.42 0.43 0.42 042 040 0.42 49.8
Spain 0.02 0.05 0.08 0.10 0.10 0.10 0.13 0.17 021  0.19 0.11 13.5
Bulgaria 011 011 0.12 0.11 0.12 0.12 0.11 0.11 011 0.11 0.11 13.2
Sweden 0.06 0.08 0.08 0.08 0.08 0.08 0.08 008 011 0.11 0.08 9.7
Portugal 0.09 0.07 0.08 0.08 0.08 0.08 0.08 0.07 0.06  0.05 0.07 8.7
Others 0.02 0.02 0.02 0.04 0.05 0.05 0.05 006 0.06 0.06 0.04 5.1
EU total 073 076 0.80 0.83 0.86 0.85 0.88 0.92 097 091 0.85
Refined copper production [million tons]
Germany 0.70  0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70  0.70 0.70 26.5
Poland 050 050  0.60 0.60 0.60 0.60 0.60 050 050 050 0.55 20.8
Belgium 040 040 040 0.40 0.40 0.40 0.40 040 040 040 0.40 15.2
Spain 0.30 030 0.40 0.40 0.40 0.40 0.40 0.40 0.40 040 0.38 14.4
Bulgaria 020 020 020 0.20 0.20 0.20 0.20 020 020 020 0.20 7.6
Sweden 020 020 0.20 0.20 0.20 0.20 0.20 0.20 020 020 0.20 7.6
Others 020 020 020 0.20 0.20 0.20 0.20 020 020 030 0.21 79
EU total 250 250 2.70 2.70 2.70 2.70 2.70 2.60 260 270 2.64
Refined silver [thousand tons]
Poland 121  1.18 1.17 1.15 1.16 1.19 1.21 1.26 129 1.26 1.21 67.6
Sweden 029 030 030 0.31 0.34 0.38 0.48 050 047 044 0.38 214
Others 013 016 018 0.20 0.21 0.20 0.17 023 024 025 0.20 11.0
EU total 1.63  1.65 1.65 1.65 1.71 1.77 1.86 1.99 2.00 1.96 1.79
Elemental sulfur [million tons]
Poland 048 077 0.92 0.96 0.83 091 0.98 0.98 1.03 098 0.88 17.0
Finland 071 064 079 0.83 0.83 0.85 0.85 085 094 0.89 0.82 15.8
Italy 074 074 0.74 0.74 0.74 0.74 0.68 0.84 0.85 0.81 0.76 14.7
Germany 093 083 087 0.80 0.75 0.71 0.63 058 054 042 0.71 13.6
Spain 063 064 0.65 0.68 0.64 0.65 0.52 065 063 0.66 0.64 122
France 0.66 0.65 0.65 0.66 0.40 0.40 0.38 0.38 0.50 0.50 0.52 10.0
Bulgaria 033 033 033 0.33 0.33 0.43 0.44 040 050 047 0.39 74
Others 0.46 048 0.47 0.48 0.64 0.44 0.48 0.42 0.45 0.52 0.48 9.3
EU total 492  5.07 542 5.47 5.16 513 495 5.10 544 525 5.19

Some of the world’s largest native sulfur deposits are located near Tarnobrzeg in
south-eastern Poland (Figure 1). The total recognized deposits of elemental sulfur in
Poland amount to ca. 494 million tons [7]. Moreover, the Polish Osiek mine is currently
the only elemental sulfur producer in the world using a native sulfur deposit with the
underground Frasch smelting method [11,14]. Poland’s share of the EU’s total elemental
sulfur production amounted to about 17% in recent years, and it is still the leading European
producer (Table 1) and exporter of elemental sulfur from primary sources, namely deposits.
Still over 50% of the Polish elemental sulfur production is exported, with regular deliveries
directed mostly to Morocco, but also to the Czech Republic, Brazil and Germany (Figure 2).



Mater. Proc. 2021, 5, 14 4o0f6

A,

[ coking coal deposits [ sulfur deposits
Bl Cu-Agore deposits [ | boundaries of provinces

0 150 km

Figure 1. Overall location of mineral deposits for the production of analyzed mineral raw materials
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Figure 2. Export structure of analyzed mineral raw materials in 2018 (based on [7]).
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4. Concluding Remarks

Poland, in numerous cases, is a crucial link in a supply chain of several mineral raw
materials (including some critical raw materials) for the sustainable development of the
European Union. In some cases, the minerals produced in Poland play an important role in
ensuring the community’s mineral security. This applies in particular to coking coal (and
its derivative product, coke), copper, silver and elemental sulfur.

Due to the intensive extraction of good-quality minerals, Poland is a significant
exporter of these raw materials to the EU and some non-European countries. Exports
account for 20-30% of the Polish production of coking coal (in the case of its derivative—
coke—this reaches 60-70%), 30-40% of that of refined copper, >50% of that elemental sulfur
and >90% of the Polish production of refined silver. Only for copper does this share have a
declining trend, due to growing domestic consumption.

The Polish recognized resource base of minerals appropriate for the production of the
analyzed mineral raw materials enables Poland to maintain its significant production for
at least the next 30 years or even more, assuming that this production will continue to be
competitive with other global producers of these raw materials.
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