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Abstract The life cycle phase of fossil fuel extraction is mainly considered in
the LCA when evaluating the energy production processes. It is then only one
of many unit processes, which contribute to the blurring of mining-relevant
results. There are few items in the literature focusing exclusively on the lig-
nite mining phase and analysing the specific mining conditions and associated
environmental impacts. The article focuses on the LCA of lignite mining pro-
cesses on the basis of data coming from a Polish mine. The technology for
opencast lignite mining is noted for its high production efficiency, high level of
recovery and lower risk as regards the safety of workers when compared with
underground mining systems. However, the need to remove large amounts of
overburden to uncover the deposit contributes to a much greater degradation
of the landscape. Analysing the results obtained, several key (hot spot) ele-
ments of the lignite mining operations were distinguished for modelling the
environmental impact, i.e.: calorific value, the amount of electricity consump-
tion, the manner in which waste and overburden are managed. As a result
there is a high sensitivity of the final indicator to changes in these impacts.

Keywords LCA - lignite - mining - fossil fuel

1 Introduction

The EU’s climate policy, including the European Green Deal announced last
year, is intended to achieve climate neutrality for the continent. This is mainly
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to be achieved through the transformation of the energy sector by reducing the
burning of fossil fuels and moving towards a net-zero emissions strategy[12]
by supporting the development of renewable energy sources together with en-
ergy storage e.g. using hydrogen, CO2 offsetting, sustainable production and
consumption practices [26], etc.

EU has a significantly lower emissions intensity of power generation than other
large economies. The carbon intensity was 270 grammes of CO2 per kilowatt-
hour (gCO2/kWh) in 2018, compared with over 400 g CO2/kWh in the United
States, over 500 gCO2/kWh in Japan, around 600 gCO2/kWh in the People’s
Republic of China and over 700 gCO2/kWh in India and Australia [13]. There-
fore, fossil fuels such as coal still constitute a significant source of energy in
the world and in the EU. Coal consumption in the EU has fallen by 34% since
1995 and production by 53%. Dependence on coal imports, however, has in-
creased to 40% with 30% of this demand coming from Russia, even though the
share of coal in the EU energy mix has decreased to 15%. There are several
factors affecting the future use of coal, these undoubtedly including climate
considerations, but also security of supply. This factor has contributed to a
reduction in coal use in some import-dependent countries which rely on this
resource, but coal also provides energy security for those countries with their
own resources like Poland. It should be pointed out that the Lisbon Treaty
allows each Member State to decide on its energy mix. The European Council
therefore recognises the need to ensure energy security and respect the right of
Member States to decide on their energy mix and to choose the most appro-
priate technologies [25]. The recent announcements of a gradual phasing out of
coal-fired power plants are expected to lead to a further reduction in demand
for coal, which will affect the development of other energy carriers such as gas,
renewable or nuclear. The ”Coal Regions in Transition” platform [7] and ded-
icated policy instruments are expected to contribute to mitigating the social
impact, especially for European regions associated with coal mining activities
and therefore the transformation of coal-dependent regions will probably take
several decades as coal-fired power plant still provides a high share of global
capacity — 38% in 2019 [28]. Analysing various scenarios prepared by the IEA
(International Energy Agency) for the development of the energy sector until
2040, it can be seen that this share will decrease. However, under different
scenarios it may still remain at a significant level of 25% (Stated Policies 2040
Scenario) or will be greatly reduced to 4% (Sustainable Development 2040
Scenario).

In the case of lignite, global consumption in 2018 was 793.5 million tonnes,
with total demand for coal (brown, hard and coking coal) amounting to 5458
million tonnes [6]. In Poland, its share in electricity production in 2019 was
24.5% (41.5 TWh) which was 15% less than in 2018. This was associated, as
in the global market, with a general decline in energy production (3.9%), with
historically the lowest share of energy generated from coal in the domestic
energy mix (74%) as well as the highest import of energy (10.6 TWh). This
situation is mainly due to the increase in labour costs, lower quality of the
fuel extracted (average calorific value below 7.9 MJ/kg) and high charges for
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CO2 emissions. These aspects translate into a decrease in the competitiveness
of energy from coal in relation to other sources, including renewable ones.
According to the current draft of the Energy Policy for Poland until 2040, it
is predicted that in the next 10 years the share of coal in the production of
electricity will drop to about 60%. Therefore, it is imperative to explore new
theories and technologies that ensure high safety, low environmental pollution,
and low damaging impact during coal mining [17]. Moreover, it is crucial to
analyse the impact during the whole life cycle. The literature review [15] shows
that there is a lack of modelling of the impact of mining processes based on
the LCA methodology which also takes into account the quality of the fuel ob-
tained. Even though Poland is one of the largest producers of coal in the EU,
LCA and holistic assessment is still relatively rare [5][19]. The items available
underline some methodological inconsistencies, which may be the reason for
the small number of LCA studies undertaken in the mining industry. These in-
clude, problems with the selection of an appropriate functional unit, the limits
of the system analysed or the determination of the weight of particular impact
categories reflecting significant environmental problems in mining. Some of
the cases in the literature [27][30][29][1] indicate that the environmental bur-
dens obtained from the calculation of the LCA for the coal consumption and
energy production system cannot be regarded as informative indicator scores
since they do not provide a means for practical decision-making in terms of
performance (neither negative nor positive). This lack of informative indica-
tor scores makes it difficult for industrial practitioners to make sense of the
environmental burdens (results of a traditional LCA study) according to the
values obtained for each environmental category [14].

In recent years some harmonisation in LCA methodology [22] has been pro-
posed. In addition, there is a lack of detailed data consistent with the quality
requirements of the LCA methodology on the basis of which it would be pos-
sible to conduct comparative analyses between individual mining enterprises.
The environmental impact of a mine depends to a large extent on the geological
and deposit conditions, the thickness of the deposit, its depth, etc. These as-
pects determine, for example, the amount of overburden to be removed or the
depth of the shaft and the length of galleries to be prepared. Such conditions
have a significant impact on the LCA results.

2 State of the art

The life cycle phase of fossil fuel extraction is mainly considered in the LCA
assessment when evaluating the energy production processes. It is then only
one of many unit processes, which contribute to the blurring of mining-relevant
results [8][24]. There are few items in the literature focusing exclusively on the
lignite mining phase and analysing the specific mining conditions and associ-
ated environmental impacts. The reasons for this may include, among other
considerations, problems with the selection of an appropriate functional unit,
the limits of the system analysed, or the determination of appropriate impact
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categories to reflect the significant environmental problems associated with
mining. The article focuses on the analysis of lignite mining processes on the
basis of data coming from a Polish mine. The technology for opencast lignite
mining is noted for its high production efficiency, high level of recovery and
lower risk as regards the safety of workers when compared with underground
mining systems. However, the need to remove large amounts of overburden to
uncover the deposit contributes to a much greater degradation of the land-
scape. From the analyses of this area available in the literature, the work of
Sengiil H. et al. regarding the LCA of opencast lignite mines based on high
quality data from 12 mines in Turkey, including 9 opencast mines, should be
quoted [23]. It is also noted in this work that the impacts related to the com-
bustion phase in LCA of coal based production of electricity have so far been
the subject of more LCA studies and are better documented. On the basis
of the results obtained, it was found that the main environmental impacts
are related to the consumption of electricity and diesel oil, waste from the
mechanical processing of coal and its washing, as well as belt conveyors used
to transport the coal extracted. The analyses show that the proposed alterna-
tives to the dewatering of the mechanical treatment of waste and coal recovery
may contribute to a 40% improvement in the eco-toxicity potential in the wa-
ter impact category through simple changes in mining practices. Analyses of
lignite mining processes in open-pit mines are also presented in the work of
Mangena S.J. and Brent A.C [21]. The authors conduct an LCA assessment of
four South African mines producing low and high quality coal, including two
open-pit and two underground mines. The publication noted that the standard
impact categories, i.e. global warming, ozone depletion, human toxicity, water
ecotoxicity, acidification, eutrophication, are not sufficient to describe the en-
vironmental impact of mineral extraction. The categories of land occupancy,
water consumption, energy use and resource depletion have been proposed as
the most relevant and equivalent for the LCA analysis of open pit mining.
However, there is an ongoing debate among practitioners and scientists about
the principles of the different LCA models developed over the last 30 years and
the indicators for resource use categories. No compromise has yet been reached
on which of them represent the best state-of-the-art [18]. The most commonly
used model is the so-called abiotic depletion potential ADP and it is based on
the analysis of current consumption of the reserves (extraction rate, present
use) in relation to balanced resources. It is the basis for many LCIA (Life Cy-
cle Impact Assessment) methods currently used [10][9]. However, taking into
account the problems of modern mining, in which, apart from environmental
and economic aspects, social aspects, rational deposit management and energy
security are also taken into account, this indicator is considered insufficient in
the process of making investment decisions or regulations concerning raw ma-
terials, as it may cause the risk of misinterpretation of the results obtained.
In addition to the ADP model, the resource depletion rate in terms of their
calorific value (in MJ) is also used as an indicator. However, the method does
not assess the environmental impact based on any dependencies (e.g. avail-
ability of resources), but only provides information about the amount of fossil
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fuel extracted in terms of its total energy value. The data presented in the
publication show that, in the case of open-pit mines, the environmental effects
related to the high degree of land degradation reflected in the land use category
are significant [2]. Therefore, land reclamation and land management after the
closure of the mine will be an important factor. This problem is highlighted
in many publications referring to mining and its impact on SDG (Sustainable
Development Goals) adopted in 2015 by the United Nations General Assembly
in the form of a universal, integrated and transformative 2030 Agenda for Sus-
tainable Development, along with a set of 17 SDG and 169 associated targets
[3][11].

Factors resulting from geological conditions, such as the ratio of overburden
to the amount of coal in the seams that are exploited also translate directly
into this category and into the indicators related to the energy necessary to
remove the overburden. The mineral content of coal, on the other hand, influ-
ences the intensity of its processing and enrichment, which is directly related
to the quality of the coal extracted.

3 The Polish situation

At present the mines extracting lignite in Poland are struggling to expand their
current areas of mining activity or to obtain licences to open new opencast
operations. This is mainly due to the direct environmental impact of opencast
operations and high level of social opposition to this issue. The reserves in the
existing deposits in Poland and the remaining time of exploitation of the exist-
ing lignite power units associated with this are currently predicted to be from
ten to a dozen years. The opening or expansion of new open-pit mines would
extend operations to 2044 for Elektrownia Turow and to 2036 for Elektrownia
Patnow II. In the case of the Belchatéw Power Plant, which is the largest
facility of this type in the world, the current reserves of the Szczercow open
pit mine will allow it to operate until 2037. Moreover, the power plant has a
plan for a new open pit in Zloczew which will contribute to the possibility of
extending this operation for another 39 years. However, due to strong public
opposition, this project may not commence operations.

New investments in supercritical lignite-fired units, including 858 MW of ca-
pacity commissioned in Belchatow Power Plant in 2011, a 474 MW unit in 2008
in Patnow II Power Plant, and 496 MW in Turow Power Plant expected to be
commissioned in 2020, prove that this fuel may still have a significant share
in the national power mix over the next few decades of power sector transfor-
mation. It is worth noting that the above-mentioned units are currently some
of the most modern in the country and their (net) efficiency ranges from 41
to 43%, which is significantly higher than that of the existing units (including
those burning hard coal). Moreover, they meet strict environmental standards,
often emitting several times less SO2 and dust than the units currently op-
erating in the country. According to the BREF reference document for large
combustion plants [16], the Belchatow and Patnow Power Plants will have,
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additionally, to adapt their units to new emission requirements, which will
contribute to further reducing their emissions. Also taking into account eco-
nomic factors, it should be noted that energy produced from lignite is one of
the cheapest, calculated per MWh. The sharply growing fees for CO2 emissions
in recent years are one of the main tools of the EU decarbonisation policy and
significantly reduce the profitability of these installations. At the same time,
CO2 sequestration technologies are becoming increasingly available and eco-
nomically viable, which in the future may result in these units continuing to be
stable, economically and environmentally viable generators, operating as the
base load of the energy system, and allowing for its transformation towards
gas and renewable sources.

The expected lifetime of lignite-fired units, new deposits that it is planned to
exploit and high level of public opposition to the associated impact on the
environment appear to make it necessary to undertake environmental optimi-
sation of lignite mining and its combustion for energy purposes. While in the
case of power plants, we are mainly talking about flue gas purification plants,
i.e. CSS, deNOx, deSOx, mercury removal, in the case of mining and its di-
rect and indirect impact it is necessary to look at the whole process (from the
moment of fuel extraction through its transport, processing and use). Identi-
fying in this way all the processes in the chain of supply and production that
contribute most to the degradation of the environment could permit the find-
ing of a technological solution for their modernisation or optimisation. This
will therefore make it possible to limit the impact of the entire process (the
complete chain of supply and production), and not only the node related with
energy production and flue gas purification. In this way, the large lignite-fired
units envisaged for the country’s energy transformation may play an important
role in years to come, ensuring the country’s energy security and the stability
of the electricity supply network, as well as being operated more sustainably
and being decommissioned in due course.

Such a holistic approach is possible with the use of environmental impact
assessment methods such as LCA (Life Cycle Assessment). It permits the
identification of the environmental weaknesses of the system, for which it is
then possible to propose technological solutions designed to reduce this im-
pact. Taking into account that lignite in Poland is still an important source in
the national energy system, and the full transformation of the sector towards
the exclusion of coal sources may take several decades, the article focuses on
the analysis of the lignite mining process and the impact of the quality of the
fuel produced on potential emissions from the processes of energy transforma-
tion based on it. The analysis covers the whole life cycle of the product and
identifies the hot spots in order to propose technological solutions limiting the
environmental impacts of the process being analysed.
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4 Life Cycle Assessment
4.1 Methodology

The environmental impact analysis was carried out using a model combining
LCA life cycle assessment, taking into account the principles described in ISO
14040 and 14044, fossil fuel extraction processes with qualitative parameters
of the coal produced and emissions of SOx, NOx and dust from their com-
bustion processes [20]. The analysis, however, takes into account all phases of
the lignite mining and fuel production process (adjusted qualitatively to the
current constraints imposed on power plants and other alternative solutions)
without taking into account their combustion in the power plant. In the anal-
ysis, an attributional analysis (aLCA) approach was used, where the system
reflects in detail all areas of activity of the plant being analysed which are
carried out in a given place and time (status quo). In such a situation, the
allocation approach is applied using physical (mass factor) dependencies. In
this way, the environmental impact of the system under analysis on equivalent
products is separated out. The LCIA of the mining plant being surveyed was
performed using the SimaPro Developer 8.5.0 software and the ILCD 2011
midpoint v.1.05 method.

4.2 LCT (Life Cycle Inventory)

Inventory data from one of the Polish lignite mines were used for the analysis.
The inventory data refers to the annual production portfolio and includes two
main elements: input data (streams of materials, energy and fuels entering
the process) and output data (streams of materials, energy and fuels coming
out of the process). Data were obtained on the basis of the preparation of a
questionnaire concerning the mining operations and on the basis of an individ-
ual interview. Information related to environmental fees for emissions and for
waste generated was also used. The completeness of the data was checked by
means of mass-energy balancing at the level of the plant, in accordance with
PN-EN ISO 14040:2009, PN-EN ISO 14040:2009. The results obtained showed
differences (%) between the input and output data of 0.5%. Life cycle data
used in the supply chain of consumables, fuels or process steam for the mines
were selected from Ecoinvent v3.0 databases and are mostly data representa-
tive of the situation at the European level. Data based on the national energy
mix were only used for analysis of the electricity used. The analysis omitted
the mine’s infrastructure and works related to it and preparatory works (mak-
ing the deposit available). The functional unit adopted for the analysis was
the annual production of fuels included in the portfolio, and for comparison
purposes auxiliary units were also used in the form of Mg of coal produced
and GJ of energy obtained from the coal that was produced. Inventory data
are presented in Table 1.

In 2015, a total of 42,081 thousand tonnes of lignite was produced in the mine



8 Lukasz Lelek, Joanna Kulczycka

analysed (extraction and processing). The total cumulative environmental im-
pact, resulting from the annual operation of the mine is 302 kPt (Table 2).
The values obtained for the potential environmental impact of the annual pro-
duction are consistent with the results of the indicator analysis presented in
Table 3.

Converted to a rate per GJ of fuel produced, the ratio of 0.89 mPt/GJ is
mainly related to the need to remove large amounts of overburden. Land use
and electricity consumption are the key factors producing an environmental
impact in this case. Analysing the results obtained, several key aspects of
modelling were distinguished, i.e:

— calorific value - results from the functional equivalence of coal of different
calorific values adopted in accordance with the LCA methodology; the
results were not only converted into rates per Mg of coal extracted, but
also into rates per GJ of energy,

— the volume of electricity consumption coming from the Polish power grid,

— the quantity of overburden and waste and manner of its management.

The structure of the environmental impact expressed in percentages of indi-
vidual impact categories is presented in Table 4.

4.3 Discussion

The category of water eutrophication - fresh water, which accounts for 60.23%
of the total impact, is dominant for the plant examined. The category results
from the removal of overburden and its moving to internal or external dumping
sites, which in consequence causes contamination of groundwater by, among
other processes, washing out compounds such as sulphur and other chemicals
by precipitation. It should be noted here that the LCA analysis does not show
time- and locality- specific environmental effects. Modelling of the environmen-
tal impact consists in the use of a general cause and effect relationship between
a given type of emission or its retrieval from the environment and the type of
impact. The basis for this is the use of known and scientifically confirmed rela-
tionships in the environmental mechanism. In these models, the environmental
impact is assessed taking into account averaged conditions from a European
model and assuming averaged values of parameters such as population den-
sity, land area and water area, temperature, precipitation, ecosystem quality
and structure, background concentrations, etc. Thus, the LCA results do not
have the capacity to show local effects, as they are ”fuzzy” due to reference to
the conditions based on a continental average. The overburden management
impact accounts for 61.9% of the mine’s overall cumulative impact rate and
the electricity consumed for another 37.1%.

For the cumulative weighted results of the environmental impact, the follow-
ing categories should be considered the most important: human health - non-
carcinogens, human health - carcinogens, resource depletion - water resources,
water eutrophication - fresh water.
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Figure 1 and Table 5 present the results of the assessment of what are known
as the main environmental impact hot spots, based on weighted impact in-
dicators. According to the results obtained, it can be seen that the demand
for electricity, converted into a rate per GJ of coal produced during the year
and totalling 3.354 kWh/GJ, is responsible for 37.8% of the total impact. The
low share of electricity consumption results from the high share of overbur-
den management in the total indicator (61.9% of the total cumulative impact
index for this mine). Overall, it can be concluded that the above processes
are the main hot spots for the plant examined. In order to determine the unit
processes which, apart from the ones mentioned above, are seen to contribute
a significant share of the environmental impact, the results were presented ex-
cluding the use of electricity and the necessity to remove the overburden in the
next stage of the analysis. Within the framework of the hot spots analysis, and
excluding the share of electricity and overburden, the activities of the mine
were divided into the following sub-systems:

— direct activities (elementary streams) - streams taken directly from the
environment (mine waters, mineral resources, land occupancy or transfor-
mation), direct emissions to air, water, soil,

— processes in the technosphere - material/raw material or energy used in
individual technological processes (e.g. explosives, steel, diesel, etc.)

The results of the analysis are presented in Fig. 2 and in a more detailed form
in Tables 6. If the processes associated with electricity use and the manage-
ment of the large quantities of overburden are excluded, the calculated impact
for its annual operations is reduced to 3.03 kPt, of which 65% is the effect of
direct activities. For the plant, a few inventory elements were identified which
were considered to be of key importance - coal depletion, water depletion and
land use. From the point of view of mining activity, these are typical impacts
of a mine on the environment, the dominant impact (67.79%) being related
to the impact category of mineral, fossil resources (Fig. 2). Furthermore, the
land use impact category also has a high share, which is related to the large-
scale transformation of the land surface (opencast operations). The recovery
of degraded land, which is planned after the closure of the mine, contributes to
significant environmental benefits in this category, as shown in Figure 2 below
the X axis and in Table 6 with a negative sign.

Another environmental aspect responsible for a direct impact is associated
with the large quantities of mine water pumped out of the mine and its use
in technological processes (13.25% impact). Figure 2 presents the impact of
other technological processes affecting the environment. Apart from the direct
impact, a significant impact is related to the use of diesel, explosives and heat.
These impacts include 16.34% (0.495 kPt), 31.76% (0.961 kPt) and 42.19%
(1.277 kPt) of the total indicator. Diesel is mainly burned by trucks trans-
porting part of the overburden and spoil. However, most of the coal extracted
and overburden removed is excavated by multi-vessel excavators and trans-
ported by electric-powered conveyor belts.
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5 Conclusions

There is no literature on modelling the impact of mining processes based on
the LCA methodology that takes into account the quality of the fuel obtained.
The available items underline some methodological inconsistencies, which may
be the reason for the small number of LCA studies undertaken in the mining
industry. These include, among other issues, problems with the selection of an
appropriate functional unit, the limits of the system analysed or the determi-
nation of the weight of particular impact categories reflecting the significant
environmental problems in mining. In addition, there is a lack of detailed data
consistent with the quality requirements of the LCA methodology on the ba-
sis of which it would be possible to conduct comparative analyses between
individual mining enterprises. The environmental impact of a mine depends
to a large extent on the geological and deposit conditions, the thickness of the
deposit, its depth, etc. These aspects determine, for example, the amount of
overburden to be removed or the depth of the shaft and the length of galleries
to be prepared. Such conditions have a significant impact on the LCA results.
Analysing the results obtained, several key (hot spot) elements of the lignite
mining operations were distinguished for modelling the environmental impact,
i.e.: calorific value - results from the functional equivalence of coal of different
calorific values adopted in accordance with the LCA methodology; the results
were converted not only per Mg of coal extracted, but also per GJ of energy,
the amount of electricity consumption - coming from the Polish power grid,
the manner in which waste is managed and its amount. As a result there is
a high sensitivity of the final indicator to changes in these impacts. In gen-
eral, it can be stated that electricity consumption and the need to manage
the overburden are the main hot spots for the study plant. As part of the hot
spot analysis, excluding the share of electricity and overburden, most of the
environmental impact was generated by direct impact. The process defined
as direct impact includes the basic (elementary) streams themselves. Several
inventory elements were identified which were considered to be of key impor-
tance - coal depletion, water depletion and land use. From the point of view of
mining activity, these are typical impacts of a mine on the environment [30].
Generally, the results obtained in the study allowed the unit processes in the
life cycle of the fossil fuel extraction processes which contribute the largest
share in the overall environmental impact to be identified and prioritised. Due
to the fact that the study focused mainly on the fossil fuel extraction phase,
the hot spots identified concern only this stage of the electricity production
life cycle in Poland. Their prioritisation and analysis in terms of alternative
technological solutions may be the basis for the introduction of organisational
and technical changes aimed at maintaining the optimum quality of the envi-
ronment of these processes.
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Table 1 Inventory data for LCA

NAME QUANTITY UNIT SOURCES

Inputs - tehcnosphere flows

Electricity 1 136 340 398.00 kWh A
Heat energy 223 476.00 GJ A
Steam 31 153.00 GJ A
Gasoline 32.38 Mg B
Diesel 6103.71 Mg B
Fuel oil 541.08 Mg B
Grease and chemicals 34.97 Mg A
Explosives 1243 793.00 kg A
Ring-directional charges 253.00 items A (0.250 kg/item.)
TNT Booster stimulators 16.00 items A (0.021 kg/item
Detonators 36 743.00 items A (0.08 kg/item.)
Drinking water 332 954.00 m3 A
Inputs - elementary flows
Lignite 42 081 000.00 Mg A
Accompanying fossils 171 205.26 Mg A
Overburden 119 734 000.00 m3 D
Area occupied 8566.00 ha A
Mine water 233 689 531.00 m3 A
Outputs - technosphere flows
Sewage 42 040.00 m3 A
Industrial wastewater 2 401 964.00 m3 A
Other wastes 43 604.25 Mg A
Lignite (unsorted 0-300 mm) 41 996 838.00 Mg A
Lignite (0-40 mm) 84162.00 Mg A
Granite 1856.33 Mg A
Quartzite 64 951.79 Mg A
Sand and gravel 19 786.20 Mg A
Lime 77 793.74 Mg A
Peat 2371.20 Mg A
Humus 4446.00 Mg A
Overburden removed 119 734 000.00 m3 A
Outputs - elementary flows
Mine water discharged 233 455 635.27 m3 A
Sewage slurry 233 689 531.00 kg A
Total dust 0.497 Mg A
Carbon monoxide 0.116 Mg A
Nitrogen oxides 1.756 Mg A
Carbon dioxide 1411.98 Mg A
Aliphatic alcohols 0.507 Mg A
Aliphatic hydrocarbons 4.518 Mg A
[A] Information (qualitative or quantitative) comes directly from the mine in question included in the analyses without recalculat

or transformation,

[B] Information (qualitative or quantitative) based on various indicators, but derived entirely from documents and/or information
obtained from the mine,

[C] Information (qualitative or quantitative) based on data from the Marshal’s Office concerning the amount of pollutants introduced
into the environment,

[D] Information (qualitative or quantitative) based entirely on data from secondary sources (e.g. scientific articles, CSR reports).
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Table 2 Production volumes and potential environmental impact of annual mine operations
in 2015.

UNIT QUANTITY

Lignite production 2015 Mg 41 996 838
Environmental impact on annual production in 2015. kPt 302.00
Environmental impact per Mg of lignite mPt/Mg  7.18
Environmental impact per GJ of lignite mPt/GJ  0.89

Table 3 Indicators of the specific consumption of selected materials, energy and fuels per
Mg of fuel produced for the mine examined

Electricity consumption kWh/Mg  27.0
Amount of mine water discharged m3/Mg 5.54
Mining area m2/Mg 1.44
Amount of diesel kg/Mg 0.15
Emissions of CO2 kg/Mg 0.46*

* due to lack of actual data, the value is calculated indicatively
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Table 4 Weighted results of the impact category indicators of annual mine production

(2015) both per tonne and per GJ of coal [Pt, %]

Impact categories

Impact on annual production

kPt %
Climate change 8,21 2,72
Ozone depletion 0,05 0,02
Human toxicity, non-cancer effects 20,40 6,75
Human toxicity, cancer effects 23,67 7,83
Particulate matter 7,83 2,59
Tonising radiation 0,64 0,21
Photochemical ozone formation 4,95 1,64
Acidification 11,23 3,71
Terrestrial eutrophication 3,22 1,06
Freshwater eutrophication 182,07 60,23
Marine eutrophication 3,30 1,09
Freshwater ecotoxicity 5,11 1,69
Land use -1,36 -0,45
Water resource depletion 29,66 9,81
Mineral, fossil & renewable resource depletion 3,31 1,09
TOTAL 302,29 100,00
Impact per tonne of coal [mPt]
Climate change 0,20
Ozone depletion 0,00
Human toxicity, non-cancer effects 0,48
Human toxicity, cancer effects 0,56
Particulate matter 0,19
Ionising radiation 0,02
Photochemical ozone formation 0,12
Acidification 0,27
Terrestrial eutrophication 0,08
Freshwater eutrophication 4,33
Marine eutrophication 0,08
Freshwater ecotoxicity 0,12
Land use -0,03
Water resource depletion 0,70
Mineral, fossil & renewable resource depletion 0,08
TOTAL 7,18
Impact GJ of coal [mPt]

Climate change 0,02
Ozone depletion 0,00
Human toxicity, non-cancer effects 0,06
Human toxicity, cancer effects 0,07
Particulate matter 0,02
Ionising radiation 0,00
Photochemical ozone formation 0,01
Acidification 0,03
Terrestrial eutrophication 0,01
Freshwater eutrophication 0,54
Marine eutrophication 0,01
Freshwater ecotoxicity 0,02
Land use 0,00
Water resource depletion 0,09
Mineral, fossil & renewable resource depletion 0,01
TOTAL 0,89



Table 5 Add caption

IMPACT CATEGORY

GREASE AND LUBRICATING CHEMICALS

UNIT PROCESSES [kPt]

E
[
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Q Q a = o X = = & M «

s ~ A H = Z @) & < o ~
] E & < [N = 2 < &2 2 2 T
— = = <) " e | <3| = > =
A B A o & A & o & = o 3
kPt 302.29 -0.05 0.00 0.49 0.04 0.01 0.96 0.10 112.09 1.28 0.12 -0.002 187.17 0.07
% 100 -0.02 0.00 0.16 0.01 0.00 0.32 0.03 37.08 0.42 0.04 -0.001 61.92 0.02
Climate change 0.010 0.0002  0.023 0.002 0.0003 0.050 0.002 7.999 0.095 0.023 0.0001 0 0.003
Ozone depletion 0 0.0001  0.013 0.001 0.0001 0.001  0.00004 0.030 0.0001  0.001  0.000002 0 0.0004
Human toxicity, non-cancer effects 0 0.0002 0.032 0.003 0.001 0.094 0.008 18.622 0.258 0.015 0.0003 1.367 0.004
Human toxicity, cancer effects 0 0.0004 0.051 0.004 0.001 0.246 0.025 16.034 0.239 0.012 0.0016 7.045 0.013
Particulate matter 0.0002 0.0004  0.055 0.004 0.001 0.084 0.004 7.558 0.099 0.018 0.0002 0 0.009
Tonising radiation 0 0.0005 0.085 0.007 0.001 0.007 0.001 0.526 0.002 0.004 0.00002 0 0.003
Photochemical ozone formation 0.004 0.0003  0.040 0.003 0.002 0.037 0.001 4.796 0.050  0.009 0.0001 0 0.009
Acidification 0.002 0.0004  0.055 0.005 0.0005 0.060 0.002  10.943 0.140 0.014 0.0001 0 0.006
Terrestrial eutrophication 0.003 0.0001  0.017 0.001 0.0002 0.041 0.001 3.111 0.029  0.005 0.0001 0 0.005
Freshwater eutrophication 0 0.00002 0.003 0.0003 0.0001 0.015 0.001 6.480 0.160  0.001 0.0000 175.408 0.001
Marine eutrophication 0.003 0.0001  0.016 0.001 0.0002 0.027 0.001 2.845 0.028 0.005 0.0001 0.370 0.005
Freshwater ecotoxicity 0 0.0001  0.019 0.002 0.0002 0.039 0.002 2.039 0.028 0.003 0.0001 2.980 0.002
Land use -2.020 0.0003  0.050 0.004  0.00027 0.007 0.0002 0.592  -0.000005 0.002 0.0001 0 0.006
Water resource depletion 0.215 0.00003 0.004 0.0004 0.0001  -0.003 0.043  29.262 0.144  0.001 -0.005 0 0.001
Mineral, fossil & renewable resource depletion 1.731 0.0003 0.031 0.002 0.006 0.257 0.010 1.257 0.004 0.003 0.0005 0 0.008
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Table 6 Weighted results of the analysis (without the use of electricity and the need to remove overburden) and the share of particular impact

categories and unit processes in the overal impact indicator

GREASES AND LUBRICATING CHEMICALS
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UNIT PROCESSES A A A = = A <) as n B
textbfkPt 3.03 -0.05 0.003 0.49 0.04 0.01 0.96 0.1 1.28 0.12 -0.002 0.07
% 100 -1.77 0.11 16.34 1.36 0.4 31.76 3.31 42.19 3.9 -0.06 2.45

IMPACT CATEGORY SHARE OF INDIVIDUAL IMPACT CATEGORIES AS A RESULT OF THE INDICATOR
FOR A GIVEN UNIT PROCESS (%)

Climate change 6.91 19.02 5.5 4.71 4.4 2.69 5.18 1.73 7.47 19.48 6.07 4.5
Ozone depletion 0.55 0 2.08 2.61 2.72 0.58 0.11 0.04 0.01 0.88 0.13 0.49
Human toxicity, non-cancer effects 13.7 0 6.87 6.39 6.36 5.39 9.77 7.7 20.24 12.81 16.48 5.42
Human toxicity, cancer effects 19.6 0 10.53 10.33 10.82 8.44 25.59 25.2 18.71 10.08 90.9 16.95
Particulate matter 9.06 0.45 12.68 11.14 10.41 4.89 8.71 4.03 7.75 15.38 10.96 11.47
Ionising radiation 3.62 0 13.81 17.2 17.99 4.18 0.76 0.55 0.12 3.47 1.11 3.46
Photochemical ozone formation 5.14 6.9 7.86 8.14 8.32 15.88 3.82 1.39 3.9 8.03 5.44 11.61
Acidification 9.36 3.41 11.14 11.11 11.12 3.9 6.21 1.84 10.97 11.48 4.94 7.68
Terrestrial eutrophication 3.43 5.28 3.43 3.45 3.51 1.45 4.27 0.87 2.3 4.61 3.21 7.37
Freshwater eutrophication 5.99 0 0.71 0.57 0.62 1.11 1.59 0.59 12.54 1.22 1.9 0.7
Marine eutrophication 2.88 5.02 3.22 3.26 3.3 1.32 2.84 0.81 2.21 4.31 2.95 6.97
Freshwater ecotoxicity 3.14 0 3.76 3.83 3.9 1.74 4.09 1.68 2.17 2.93 6.68 2.7
Land use -64.43 -3763.21 8.17 10.17 10.56 2.24 0.69 0.21 0 1.75 3 8.47
Water resource depletion 13.25 399.66 0.86 0.89 0.96 0.49 -0.36 43.25 11.3 0.98 -280.17 1.82
Mineral, fossil & ren resource depletion 67.79 3223.48 9.38 6.19 5 45.69 26.73 10.1 0.33 2.56 26.4 104
TOTAL  100.00% 100,0%  100,0%  100.00%  100.00% 100.00% 100.00%  100.00%  100.00%  100.00%  100.00%  100.00%
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Table 7 Add caption

Impact Category Unit Impact on annual production
Climate change kg CO2 eq 1.14E4-09
Ozone depletion kg CFC-11 eq 15.19762
Human toxicity, non-cancer effects CTUh 163.122
Human toxicity, cancer effects CTUh 13.10185
Particulate matter kg PM2.5 eq 446396.9
Ionising radiation kBq U235 eq 10770839
Photochemical ozone formation kg NMVOC eq 2354178
Acidification molc H+ eq 7964854
Terrestrial eutrophication molc N eq 8487608
Freshwater eutrophication kg P eq 4041731
Marine eutrophication kg N eq 836874.5
Freshwater ecotoxicity CTUe 6.70E+408
Land use kg C deficit -1.52E409
Water resource depletion m3 water eq 36216964
Mineral, fossil & ren resource depletion kg Sb eq 5012.929
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Fig. 1 Weighted analysis results
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Fig. 2 Weighted results of the analysis (without the use of electricity and the need to remove overburden)
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Water resource depletion |
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Freshwater ecotoxicity
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Fig. 3 Shares of direct impact and other technological processes - after the characterisation
stage [%]
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Fig. 4 Shares of unit processes - after the characterisation stage [%)]
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Figure 1

Weighted analysis results
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Figure 2

Weighted results of the analysis (without the use of electricity and the need to remove overburden)
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