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Abstract: (1) Background: Presentation of the method of increasing the competitiveness of the
mining industry through the demonstration of the possibility and potential in closing the loop of
supply chains through waste management; (2) Methods: The source literature analysis and an
arithmetic analysis of the data of statistical materials and data obtained from business in static
and dynamic perspectives; (3) Results: According to the latest data available, in Poland, mining
wastes account for over a half of industrial wastes, while the annual growth of mining wastes is on
the level of 4%. The recorded recovery of mining wastes is on the level of ca. 19%. The exemplary
company that deals with the recovery of carbon wastes recovers ca. 80% of material, which is
handed over for utilization (4) Conclusions: It has been found that the structure of the level of
mining wastes and the level of their recovery rates demonstrate a large potential of closing the loop
of chains in this industry and, at the same time, a potential to extend the chains through directing
the material from recovery to various sectors. This constitutes an example of the direction of
activities that are in line with the EU strategies for the economies of other states which possess this
type wastes.
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1. Introduction

In the context of more and more frequently appearing claims that the global energy system is
evolving from a system based mainly on fossil fuels towards a system based chiefly on renewable
energy sources [1], an indication of those examples which close loops in the mining industry is
significant. This is particularly important for those markets which are abundant in fossil fuels, and
for which the labour market connected with this is very important. According to the “Carbon
Tracker” analysts [1], the costs of solar energy, wind and batteries are dropping quickly enough for
them to compete with fossil fuels without any necessity of subsidies. Furthermore, it is emphasized
that emerging markets and markets based on conventional energy sources readily use the
possibilities offered by renewable energy sources. In the light of the above, in this study, as its goal, a
presentation is accepted of a method to increase the competitiveness of the mining industry through
the demonstration of the possibilities and potential in closing of the loops of supply chains through

waste management.
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2. Materials

The discussions connected with close-loop supply chains are conducted within a wide context,
taking into account the flows up and down the supply chain (surveys in closed-loop supply chains)
or in a narrower context, in which main emphasis is placed on down-up flows in supply chains
(surveys in reverse logistics). Considering a different classification, one may state that such
reflections concern a sustainable supply chain, or only one of its dimensions — the pro-environmental
one. Following research works from all four thematic areas [2], one may notice that particular
contents overlap and have common parts.

The studies concern strategic aspects (including, designing supply chains, placing particular
links, building the brand of supply chains), logistics aspects (relating to the role of logistics
operators, warehousing and transport processes as well as stocks management), particular spheres
of flow within supply chains (eco-design, supply, production, distribution, return flows) as well as
particular issues connected with reverse logistics (reuse, refurbishing, remanufacturing, recycling,
landfill). What’s more, the following issues are evaluated with regard to their influence on closing
the supply chain loop:

- particular management concepts (e.g. Just in Time),

- technologies which facilitate flow processes (e.g. RFID),

- legislation (e.g. the directive on waste electrical and electronic equipment - WEEE),

- 4.0 economy (e.g. the Internet of things),

- globalization of activities (e.g. extending supply chains),

- virtualization (e.g. needs regarding the increase in supply chain flexibility).

The review works show the whole spectrum of various issues both in the problematic and
methodological context [3-6]. In the overview works, a full range of various issues, both in the
problem and methodological contexts, are presented. All of the mentioned modules are mainly
shown on the examples of selected industries. The considerations concern electric home appliances
[7], apparel [8], automotive [9], carpets [10], photocopiers [11], electrical and electronic industries [5],
textile industry [12], machinery industry [13], fashion industry [14], gold industry [15], traditional
retailers and online e-tailers [16]).

On the basis of the analyses of studies in the area of the closed loop of the supply chain, it can be
found that there is a research gap in the studies concerning the mining industry. This is probably the
result among others of limited scientific literature that presents the mining industry from the
perspective of supply chains. The publications available in this thematic area comprise the basic
components of Osborne, Smith and Mann mining chains [17], production strategies [18], transport
[19-21], allocation of storage area [22], KPI indicators [23]. In turn, in these positions where
references are made to pro-environmental aspects [24], there are no references to the issues of the
closed loop of the supply chain, or these references are treated in a marginal manner [25].

In the present study, efforts are made to present the methods of the creation of the closed loop
on the example of the mining industry. At the same time, this corresponds well with the issue of the
directions related to the optimization of the management of wastes from hard coal mining, which
includes a reduction of wastes through designing and optimization of the technologies used of gold
excavation, neutralization of wastes on landfill sites and the recovery of wastes in mines

underground and over ground [26].

This fuel, in the entire process from mining through combustion to the use of energy included
in it, poses numerous problems connected with environmental protection requirements. Therefore,
in this area, standards are becoming more and more rigorous in the European Union; new
regulations and obligations are accepted for particular states to undertake further efforts aimed at an
achievement of sustainable, law-carbon economy. Each year, the European Union produces tons of
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mining wastes which are stored on heaps, which change their usefulness under the influence of
physical and chemical properties [27-28]. For this reason, addressing the issue of the creation of a
closed loop in the industry in question is valid and important.

Materials and Methods should be described with sufficient details to allow others to replicate
and build on published results. Please note that publication of your manuscript implicates that you
must make all materials, data, computer code, and protocols associated with the publication
available to readers. Please disclose at the submission stage any restrictions on the availability of
materials or information. New methods and protocols should be described in detail while
well-established methods can be briefly described and appropriately cited.

Research manuscripts reporting large datasets that are deposited in a publicly available
database should specify where the data have been deposited and provide the relevant accession
numbers. If the accession numbers have not yet been obtained at the time of submission, please state
that they will be provided during review. They must be provided prior to publication.

Interventionary studies involving animals or humans, and other studies require ethical approval
must list the authority that provided approval and the corresponding ethical approval code.

3. Methods

On the grounds of the present state of knowledge, and a study of the source literature, the
following assumption is accepted:

H1 level of the resources of mining wastes in the structure of industrial wastes and the level of their
recovery rates demonstrates a large and still unused potential to create the closed loops of supply chains in the
context of the possibilities which are provided by the exemplary practices of those entities that are engaged in
their recovery.

The analysis focuses on the Polish market; nevertheless, the implications are of a universal
nature and can be referred to any economy where mining wastes occur.

The theoretical part concerning closed supply chains was primarily based on an analysis of
materials reviewed included in scientific databases and legal documents. The items were searched
using the following key words: closed supply chain, closed supply chain/mining and quarrying,
closed supply chain/coal supply chain, closed supply chain/coal industry; closed supply chain/mine
industry.

The section related to energy sources and the Polish mining industry was mainly based on
statistical resources, reports and on the internal materials of a company that specializes in the
recovery of materials from mining wastes.

A critical analysis of the source literature and an arithmetic analysis of statistical data in static
and dynamic perspectives were accepted to be the research method.

The time range of the analyses was dictated by the availability of data. The latest data related to
the Polish market in the scope of waste levels comes from the year 2017. The Central Statistical Office
has been introducing this data since the year 2012 only. The review of the literature on the subject of
the closed loop of the supply chain concerned the latest items.

The object of the research on the case study level includes coal mining wastes from preparatory
works and from the exploitation of coal deposits, wastes from the process of coal enrichment, as well
as fine-grained and post-flotation wastes. These are wastes with granulation up to 250 mm. A
detailed catalogue of coal mining wastes is contained in the Ordinance by the Minister of

Environment in Section 01 [29].
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4. Level of wastes in the Polish mining and coal industries compared to the EU resources: research
results

In numerous documents related to the energy policy of the European Union [30-33] and in
documents concerning the individual economies (the Energy Policy of Poland up to the year 2030,
the Energy Mix 2050, the Energy Mix for Poland up to the year 2060) [34-36], attention is drawn to
the need to raise environmental efficiency in the process of the exploitation of deposits and their
transfer to subsequent links. Maintaining an added value of products for as long as possible and
processing of wastes will permit the creation of socially responsible chains, which will contribute to
the improved social welfare and the quality of the environment.

This is important in the context of the increasing role of non-conventional energy sources and

the declining level of the use of fossil fuels (Figure 1).
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Figure 1. Level of the use of energy sources in the European Union Member States [37]

It is predicted that in the coming years, the share of conventional energy sources will be
diminishing, especially as a result of the plans concerning withdrawal of coal as an energy source.
For example, the Netherlands and Portugal have undertaken to withdraw all their coal power
stations by the year 2030, Italy and Great Britain and Austria have undertaken to close coal power
stations by the year 2025, while France and Sweden by the year 2023. In some states, such as
Germany and Slovakia, this issue is being widely discussed.

There are, however, many states, such as Poland, where the richness of fossil fuels justifies their

use to a large extent. As it is evidenced by the report, in the previous year in Poland, 47% of


https://doi.org/10.20944/preprints201906.0005.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 June 2019 d0i:10.20944/preprints201906.0005.v1

2 of 16

electricity was produced from hard coal, 31% from lignite coal; wind sources provided 8% of
electricity, biomass sources: 6%, gaseous sources: 4%, other sources: 3%, and hydro power plants:
1%. An acquisition of raw materials for energies from traditional sources in the convention of the
creation of closed loops in supply chains through waste processing and management offers an
opportunity for the perception of the mining industry as one that is more environment friendly. This
concerns both wastes produced from the mining industry, e.g. from rinsing and purification of
minerals as well as wastes from power industry, e.g. volatile coal ashes. It is important to conduct
assessments of fuels not only in terms of their energy properties (e.g. combustion heat), economic
properties (e.g. the acquiring cost of fuels), social properties (e.g. the impact of the mining economy
on the level of employment and the development of industries related to mining), but also in terms
of a widely understood environmental value (both related to the basic product and its ecological
variants as well as to the waste management degree). This policy is in line with EU guidelines.

Directive 2006/21/EC on the management of waste from extractive industries provides for
means, procedures and guidelines aimed at the prevention or minimization of negative
environmental impacts and threats to human health resulting from the management of wastes from
mining industry. Frameworks have been developed to ensure a structured base for the assessment of
the results achieved by the EU Member States in relation to the implementation of the Directive and
specific provisions. In July 2017, the Commission requested the adequate interested parties in the
mining industry in the Member States, such as public authorities responsible for the mining
industry, non-government organizations dealing with environmental protection and the civil society
to contribute their knowledge and experience to jointly form the following [38]:

- guidelines related to the development of the Extractive Waste Management Plan (EWMP): a
plan of waste extraction),

- example Extractive Waste Management Plans (EWMP),

- meetings to investigate the aspects of close circuit economy within the frameworks of EWMP.

What is of significance is that the request also concerned the creation of a set of the best
practices (from among of which four mines including two Polish mines: Jastrzebska Coal Company
and Bogdanka Mine have already been selected). The role of the Polish entities in the creation of

exemplary behaviours is also appreciated on the EU level.

In Poland, according to the latest data available, mining and extraction wastes constitute over a
half of industrial wastes: 56.5% (i.e. 63,832.2 thousand tons compared to 110,144.6 thousand tons).
Over the past few years, their share in the whole of wastes has been growing gradually (Figure 2).
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Figure 2. Percentage share of extractive and mining wastes in industrial wastes [39-43]
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For this reason, closing of the loop chain of supplies in the mining industry constitutes a huge
challenge and, at the same time, it offers a great potential for an improvement of environmental
efficiency through the creation of looped chains (where materials recovered are directed to the same
industry) and extended chains (by generating supplies of materials to other industries).

This potential is also expressed in the quantity of wastes that have so far been accumulated. At
present, according to the latest data available, the annual growth of the quantities of mining wastes
is on the level of 4 per cent (i.e. 800,529 thousand tons as compared to 769,458.1 thousand tones)
(Figure 3). Their quantity is growing (in spite of fluctuations in the individual years). In the year
2012, accepted as the starting point for the analyses, there were 791,346.9 thousand tones.
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Figure 3. Annual increment of mining wastes

It can be stated based on the latest data available that the recovery of mining wastes was on the
level of 18.7%, i.e. 11,670.6 thousand ton as compared to 62,267.8 thousand tons (Figure 4).
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Figure 4. Mining waste recovery level in the years of 2014-2017 [39-43]

According to the classification by the Central Statistical Office (2018), recovery is related to any
actions that pose no hazard to human life and health or to the natural environment that consist in
the use of the whole or part of wastes, or that are aimed at a recovery of substances, materials or
energy from wastes and their use.

In a dynamic perspective, its level is slightly decreasing; however, due to the requirement of
the adaptation to the EU guidelines, it can be predicted that this level will be gradually growing in
a long-term perspective.

A part of renewed wastes are neutralized. Neutralization of wastes according to the definition

provided by the Central Statistical Office consists in wastes being the subject of the processes of
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biological, physical or chemical transformation in order for them to reach a state that does not pose
any threats to human health or life or to the environment. Waste neutralization processes include
dumping in landfills, processing in soil and in earth, surface retention (placing wastes in
sedimentary fields or in lagoon) or their thermal processing.

Considering the latest data available, 11.7 per cent (7,309.4 thousand tons) of mining wastes are
neutralized; a substantial part of these is dumped wastes (landfills, heaps, tailing ponds).

Wastes that are collected by other recipients are classified in statistical data as “wastes with
unknown management methods” constitute the largest percentage of total wastes: almost 70 per
cent (430,003.8 thousand tons).

Wastes that are temporarily stored (kept or collected prior to their transport, recovery or
neutralization) constitute an insignificant percentage.

Recovery as a separate procedure has been singled out since 2014; for this reason, no previous
data is comparable. The only numerical data that is comparable is the waste treatment level. As
stated previously, this was almost 12 per cent in the year 2017, and 25.7 per cent in 2012. This may
demonstrate a greater percentage of unrecorded materials that are handed over for recovery, which
are contained in the group of materials classified as “collected by other recipients”.

Based on an analysis of data, it is to be stated that the creation of closed loops in mining chains
is important due to a large percentage of wastes produced. Merely one fifth of wastes recovered
that are found in records (11,670.6 million ton) are included in the closed loop; nevertheless, a
significant part of wastes remains unmanaged. Hence, there is a need for an increase of the recovery

factor and thus for the creation of closed loop chains on a larger scale.
At the same time, this raises the demand for the development of those entities that will deal
with a commercial recovery of this type materials.

5. Creation of closed loop on the example of wastes from Polish mining industry: research results

As noted previously, the Polish economy is characterized by a high level of the production of
energy from fossil materials. Among the EU Member States, it holds the first position as regards the
use of hard coal (Figure 5), the result being a high level of the accumulation of mining wastes.
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Figure 5. Hard coal electricity generation (including split of top 5 countries) [37]
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In the past, waste heaps used to be created near coal mines and mining shafts; these are the
so-called on-site plant heaps with regular or conical shapes of above-ground types. In the recent
years, heaps of this type have been avoided; instead, central dumps have been preferred. These are
flat and levelling heaps, also known as above-ground heaps, which most frequently fill excavations
after the exploitation of sand that is used for mining floors.

The main reason for the occurrence of heaps by coal mines was a bad economy management
system, one that did not form any mechanisms to encourage enterprises to rationally use materials,
including wastes. Huge quantities of waste were collected, while no one would think about their
processing or enhancement. Indeed, principles were set out in relation to rational dealing with
wastes according to the following hierarchy: prevention of the generation of wastes; use of those
wastes that could not be avoided; neutralization of those wastes whose generation could not be
avoided and that could not be utilized. Nevertheless, these principles are not meticulously observed
[44-45]. The regulations and system solutions in the Polish economy that have so far been introduced
are not adapted in all situations to the solutions accepted, and some barriers remain that restrict an
effective functioning of waste management.

Modelling of a deposit and a precise characterization of a resource may result in a minimization
of the extraction of undesirable and non-market materials; in this manner, mining wastes are
minimized. The selection of the mining strategy depends on numerous factors, including the depth
of the mineral underground, the scale of its occurrence, the characteristics and tectonics of the
bedrocks, groundwater hydrology, permissible trace, the mining technology available and the
human resource available. The probable characteristics of mining wastes constitutes an important
parameter that is assessed when designing the mining operation. For this reason, any entity that
obtains a deposit mining permit [46] is obliged to observe the norms that apply to the examination of
the expected behavior and properties of the future mining wastes [38]. Owing to this, the
composition can be predicted of wastes from the excavated material and from the material
processing operation; it can be determined with a large degree of probability which chains the
minerals recovered will go to.

Thereby, mining wastes constitute one of the final elements of the mining chain and, at the same
time, the starting element in supply chains in many industries. Creation of a closed loop can be
effected both through the management of mining wastes (that come directly from mining work) and
tailings (from various enhancement processes of raw material extracted).

Looking at the areas of flows alone, one may find that the use of anthropogenic minerals results
in a multi-directional elongation of supply chains. In particular, the movement of products is
towards various industries [47]. In this manner, conventional or looped chains form. Conventional
chains form in a “straight line” when the product moves from the top to the bottom of the supply
chain. Then, wastes are directed to industries connected with the production of concretes, building
ceramics, cements, granular aggregate, gypsum products, road construction, production of plastics,
paints, tar paper, gypsum finishes and in the direction of agriculture etc. Looped chains form when
the product returns to the previous links. This is when part of recycled wastes return to the mining
industry, e.g. in mining technologies (as the components of the floor that seals goaf, the components
of reinforcements and mining stabilizing systems, as elements of fire protection systems) or in the

recultivation process of degraded areas.
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The possibilities of the use of anthropogenic minerals are assessed on various levels. For
example: 100% in the construction of fills in transport systems, 50% in the production of road
foundations, 35% in the production of cement, 10% in the production of mineral and asphalt
mixtures, 5% in the production of concrete [47].

Therefore, there is a justification for an introduction of a closed loop of carbon chains in order to
improve the level of the recovery of anthropogenic materials and to increase environmental
efficiency.

In Silesia, with the largest resources of coal in Poland, there are still ca. 150 coal heaps with
several million tons of waste, while there is a simultaneous increase of mining wastes on the scale of
30 to 35 million per annum. The exploitation of 1 ton of hard coal generates from 0.25 to 0.5 ton of
wastes, i.e. chiefly gangue. Gangue is mainly composed of clay slates and claystones, mudstones,
sandstones and coal admixtures, which account for 20 to 25 per cent of the waste mass. From a
chemical perspective, there is one more important component of the wastes: pyrite FeS2, whose
participation in wastes stored is from 0.5 per cent to 3 per cent. Gangue that is kept in heaps
undergoes the processes of chemical, physical and biological weathering. One of the phenomena
related to the weathering of the material on heaps is pyrite oxidation. Oxidation processes lead to
substantial changes in the properties of the heap material, and they have a negative environmental
impact through the following [48]:

e acidification: related to a significant growth of the number of H+ ions, which are washed out
to waters in the area around the dump;

e salinisation: related to a significant growth of the number of SO42- ions, which are formed as
a result of pyrite oxidation;

¢ thermal activity that is the result of the fact that pyrite oxidation is a strongly exoergic
process.

Haldex enterprise is an entity and at the same time the major player on the Polish market which
specializes in the processing and recovery of materials from mining wastes. This company provides
recovery both on plant sites and outside of these. Table 2 and Figure 7 contain values in relation to

these.
Table 1. Processing of wastes on plant sites and management of wastes outside of plants
Waste 2013 2014 2015 2016

processing on
plant sites Z1 2012 2017
7276710712
718
Waste 3507 766,15 3730 667,94 3796 690,51 3 694 440,60

processing
on plant

sites Z
Waste 4220 000,00 5790 000,00 4960 000,00 4580 000,00

3320178,23 3378 417,40

management
outside of

plants
Total 6 340 178,23 7727 766,15 9 520 667,94 8756 690,51 8 274 440,60 6 871 866,27

3020 000,00 3493 448,87

Source: Internal materials of Haldex company.
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Figure 6. Waste processing on plant sites and waste management outside of plants.

In the period analysed, the largest sales volume occurred in the year 2014; after this, the level
from the year 2012 returned. It is estimated that the sale volumes in the subsequent years will not

change abruptly.

In the individual categories of sale, the enterprise reports diversified tendencies. For example,
the sale of slime pellet and fines is growing sharply, while the sale of aggregates is decreasing
(Figures 7 and 8). The decreasing sale of aggregates is the result of among others insufficient
knowledge in relation to the quality of aggregates that are adequate for specific applications and of
the lack of legal regulations that would encourage entities to use wastes of this type.
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Figure 7. Sale of slime pellet and fines
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Figure 8. Sale of aggregate

The enterprise recycles raw material, which is used in various industries. Since it appeared on
the national market, the company has recycled over 180 million of mining wastes from hard coal
mining.

In the waste recycling process, the company uses mining wastes from ongoing production as
well as wastes from dump sites in Silesia; from these, it produces energy coal and full value
aggregates, which are used as follows [49]:

eengineering works (including road building);

ehydro-engineering construction (including the construction of flood embankments);

eworks connected to the restoration of functionality to areas that have been degraded
through human activity (including recultivation of cavities, unused opencast excavations);

ethe production process of anthropogenic soil (a commercial product known as
BioCarbohumus).

The newest and largest plant that processes mining wastes (in relation to the volume of wastes
managed) possesses the maximum mining waste processing capacity of 525 tones per hour, which is
over 1.9 million tones in a calendar year.

Table 1 presents materials recovered in the period of 2008-2017.

Table 2. Materials recovered from mining wastes in the period of 2008-2017.

Type of waste Material in Percentage
and material million tones
Mining waste 180 100
Aggregates for
mining works 78 43,3
(floors)
Energy coal 20 11,1
Aggregates for
ceramic 17 9,4
industry
Aggregates for
engineering 13 7,2
works
Material for 9 5

cement
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Source: own study based on internal materials of the Haldex company

The waste recovered constitutes over 80 per cent of the total volume. An essential part of
coarse-grained or fine-grained wastes from processing (from heavy liquid separators and fine jigs)
as well as stone from preparatory works are used on surface in engineering construction. It is only a
small percentage of fine-grained post-flotation wastes that is used underground in mines in the form
of mixtures with ashes from power plants. It is to be emphasized, however, that currently wastes
contain trace quantities of coal due to the use of modern coal processing technologies. From this

perspective, older wastes are more attractive.

Apart from external entities, coal companies themselves deal with the recovery of coal wastes.
The Polish Mining Group Joint Stock Company is an example of this, which is the largest national
coal producer and it is responsible for nearly 50 per cent of its total production. The company
possesses a production line that may annually produce ca. two million tons of full-value aggregates
both from its own material and from material obtained elsewhere. Rock is crushed and sifted into
three various fractions, which are used mainly in road engineering as well as engineering and
construction works. For practical applications, the aggregates must fulfil standards related to the
size, granulation, aspect ratio, disintegration resistance and frost resistance. If the standards are
fulfilled, certification may be obtained.

To sum up, the following conclusions can be made as a result of the conducted analyses:

- there is a high percentage of extractive and mining waste in industrial
waste,

- there is an increase in the extractive and mining waste,

- there is a general low level of recycling extractive and mining waste,

- there is a high level of generating energy from coal resources on the described market,

- there is a high level of recycling coal waste conducted by exemplary, specialized external
entities, such as coal companies.

6. Discussion

Industrial waste that we have inherited from the previous generations and the waste that is
currently being generated, is degrading the natural environment in particular in Poland, which is
chiefly based on conventional sources of energy. Without science and the most broadly understood
modern technology, we will not be successful in the implementation of the industry reconstruction
programme in this area, which has an opportunity to become a European experimental laboratory as
regards international environmental cooperation. The environmental degradation that has so far
occurred is caused by insufficient knowledge and a lack of balance between energy, ecology and
economics. This problem concerns other economies, as well. For this reason, the European Union has
announced the following communication: “Closing the loop: EU action plan for the circular
economy”, while defining “circular economy as an economy where the value of products, materials
and resources is maintained as long as possible, and the production of waste is minimized” [50]. In
connection with this, the European Commission is currently working on guidelines and is

promoting the best practices in the management plans of extractive waste EWMP.
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In the light of the above and due to the high level of waste generated on the Polish market, the
analyses conducted are justifiable.

Based on the work undertaken, the following may be stated:

- the considerations presented so far related to flows in the mining supply chain are poorly
based on the world literature related to the closed loop of the supply chain;

- in the context of the EU energy policy and the existing rich resources on the market under
discussion, there is an urgent need for the development of research related to the creation of the
closed loop in mining industry.

The deposits of anthropogenic minerals have become a very attractive alternative material for
manufacturers in numerous branches of industry; however, in spite of the growing scale of
management, their use is still on a low level.

In the light of the above, it is justifiable to:

- create legal and fiscal conditions that would be advantageous to the building of a closed loop
in mining industry,

- carry out work related to the codification and diffusion of knowledge in the area of the type
and possible ways of the use of anthropogenic wastes,

- implement innovative technologies in this area,

- look for those markets and supply chains for which anthropogenic wastes could constitute an
input product, including development of public procurement in this area,

- conduct research to confirm the economic and pro-environmental values of the solutions

implemented,

- introduce evaluation of deposits not only related to the primary ecological properties, such as
CO2 and SO2 emissions and ash content, but also from the perspective of the quality of the material
to be recycled.

Due to the peculiarity of the described industry and the uncertainty with regard to shaping
demand-supply policy, it is crucial to consider the validity of creating a closed-loop supply chain in
the context of possible market risks [51], including, in particular, the risk concerning the profitability
of recycling. Due to the problem with outsourcing tasks connected with creating a closed loop, it is
important to consider which entities should engage in this process [52], including, above all,
whether mines or specialized external entities should deal with recycling.

7. Conclusions

The structure of industrial wastes on the Polish market justifies undertaking investments
aimed at the creation of the elements of the supply chain specialized in waste recovery in the
mining industry. The recovery level of wastes in this industry proves that there is a low level of
their management. At the same time, those examples that demonstrate the possibility to extend
supply chains through the recovery of various materials and directing these to construction,
cement, ceramic, power engineering and many other industries, give grounds for one to believe that
there is an unused potential for the creation of a closed loop. The scale of possible actions that is
reflected in the level of unused resources and the presented possible level of recovery that is even
currently achieved in the model enterprise demonstrates a gap as regards the creation of a closed

loop in the mining industry and the need to pursue research in this direction.

Research analyses to be undertaken in the future could be transposed and used in other
economies with a smaller participation of the industry under discussion. The Polish mining
industry constitutes a perfect research field among others in the area in question, as the coal
production volume in this sector is the largest among the European states.
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8. Limitations and further lines of research

Due to the fact that no information has been disclosed in relation to waste management on the
level of individual coal mines and that no data is available from the years preceding the year 2012,
the analyses conducted are of a synthetic nature. An introduction of adequate legal regulations to

oblige entities to accept greater transparency will permit a deeper scope of research in the future.

What is of a great significance in the future is an integration of research results aimed at an
improvement of environmental efficiency in the entire mining chain in the area of the method of
mining and transport of materials, waste management and creation of eco-friendly fuels. One of
interesting research trends is the use of coal mining wastes in the production of alternative fuels. For
example, fine-grain wastes could be used in the production of smokeless fuel. This is because the
production of smokeless fuel and fuel with a smaller fume intensity [53-54] plays a double
environmental role, as it causes wastes to become a profitable product that is itself environment
friendly.
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