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An analysis of the potential use of methane
from hard coal mines in a trigeneration system

to reduce emissions into the atmosphere

Greenhouse gases and their emissions are issues that are being increasingly discussed
due to climate change. Next to carbon dioxide, methane is considered one of the most
important greenhouse gases. Reducing methane emissions could result in noticeable
environmental benefits in a short time. Anthropogenic emissions constitute approxi-
mately 60� of total methane emissions and thus solutions to reduce emissions of this
gas are most often sought in this sector. The subject of the study is the methane capture
system in the “Pniówek” mine, belonging to the Upper Silesian Coal Basin (southern
Poland), and the potential for methane management using a trigeneration system. The
article discusses the utilization of methane from hard coal mines to reduce its emissions
into the atmosphere and as a profitable solution to use the emitted gas. The authors
describe a trigeneration system in which methane from the mine is burned in gas engines
and used to produce electricity, heat, and cooling energy. This allows for reducing meth-
ane emissions into the atmosphere while increasing the efficiency of coal use. The article
shows the results of measurements carried out in a hard coal mine in Poland. The pre-
sented example indicates the ecological and economic benefits resulting from the use of
a trigeneration system.
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1. INTRODUCTION

Methane has been recognized by the Intergovern-
mental Panel on Climate Change as the second most
important greenhouse gas and thus it is necessary to
focus on the reduction of its emissions. Progressing
climate change has increased interest in greenhouse
gas emissions and the potential to reduce them. The
significant dominance of carbon dioxide in total
greenhouse gas emissions has resulted in focusing at-
tention on the sources of this gas in recent years but
despite a much lower emission level, methane consti-
tutes the most significant threat to the climate neu-
trality of the environment.

The amount of methane in the atmosphere has in-
creased significantly over recent decades. The first in-
crease was discernible in the 1980s. Then, after 1998,
this value began to stabilize until 2008, when a signif-

icant increase in the concentration of this gas was no-
ticed again, and this trend is being maintained. At the
same time, it shows how important it is to introduce
remedial measures in this area.

The sources of methane emissions may be natural
or result from human activities. Natural sources
include wetlands and peat bogs, while anthropoge-
nic sources cover animal breeding, the energy sector
(including activities related to mineral extraction),
and waste landfills [1]. Anthropogenic emissions
account for approximately 60� of total methane
emissions.

There are many possible reasons for such an in-
tense growth in methane content in the atmosphere.
The dominant factor here is the increase in methane
emissions in three sectors: energy, waste (including
sewage), and agriculture [2]. Figure 1 shows the
structure of global methane emissions.
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The global upward trend may be influenced by in-
creased emissions in the agricultural, waste, and fossil
fuel sectors in South and Southeast Asia, as well as
growth in the fossil fuel sector in the United States [2].
However, Europe, where total emissions from an-
thropogenic sources constitute 7.4� of global meth-
ane emissions, is the only continent where methane
emissions are constantly being reduced. For compari-
son, emissions occurring in Asia and the Pacific (ex-
cluding the Middle East and Russia) constitute 42.6�
of the total methane emissions in the world [4]. Ac-
cording to data from the European Environment
Agency (EEA), methane emissions in the EU-27
countries in 2021 were reduced by 37.4� compared
to 1990, and, year by year, a decreasing trend in the
observed values is noticed. Analyzing emissions over
a shorter time horizon, it should be noted that the
annual emissions decreased by 10.1� over ten years.
Due to the already adopted climate policy strategies,

the European Union is expected to be well on its way
to reducing CH4 emissions. According to the pre-
pared scenarios [5], methane emissions are expected
to decrease by approximately 20� in 2015–2030. Sub-
sequent reductions in emissions will require the im-
plementation of additional strategies in this direc-
tion. One of the global initiatives aimed at taking
joint actions to reduce methane emissions is the
methane agreement – The Global Methane Pledge
(GMP), signed by over a hundred countries in 2021
during the COP26 climate conference. Today, 155
countries are participating in the GMP, which aims to
reduce methane emissions by 30� from 2020 levels
by 2030, which could slow global warming by more
than 0.2°C by 2050.

The article focuses on using captured methane to
produce electricity, heat, and cold in a trigeneration
system in the example of the “Pniówek” mine. An
analysis of the system’s operating efficiency and, in

Fig. 1. Methane in the environment: a) global average monthly concentration of methane in the atmosphere,
determined from sea surface areas in the years 1983–2022 – based on [3]; b) summary of methane emissions

from anthropogenic sources by main sectors for 2020 – based on [4]

a)

b)
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particular, the possibility of using methane as a source
of electricity production was presented. Detailed re-
sults include methane capture using the methane
drainage system, gas concentration, and electricity
production over six months.

2. METHANE EMISSION

INTO THE ATMOSPHERE

2.1. Methane emission in Poland

As in the case of the analysis of the global situa-
tion, when considering the structure of methane

emissions in Poland, the study started with the divi-
sion into main sectors. A summary of methane emis-
sions in Poland in 2020 is presented in Figure 2.

The most crucial sources of methane emissions in
Poland include the energy sector, agriculture, and
waste management. They account for 46.0�, 31.9�,
and 22.0�, respectively. The first of these categories
can be divided into two subcategories: fuel combus-
tion and volatile emissions from fuels. The second
category is noticeably dominant and is responsible for
approximately 38.7� of total methane emissions in
Poland. Focusing in detail on the energy sector, it can
be noted that the predominant value of emissions
comes from volatile emissions from solid fuels, which
in 2020 are estimated at 579.1 kt.

Fig. 2. Summary of methane emissions in Poland in 2020 – based on [6]: a) from anthropogenic sources
according to main sectors; b) related to the energy sector

2.2. Characteristics of methane release

into mining excavations

The nature of methane release into mine workings
is very complex, as it depends on numerous geological

and mining factors and changes in atmospheric pres-
sure. Methane in coal deposits may occur in two
forms: in free form, found in the pores and crevices of
the deposit, and in the form of a gas physicochemical-
ly bound to coal. During mining, both coal seams and

a)

b)
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rocks surrounding the seam are relaxed and cracked,
which leads to a growth in permeability and the re-
lease of methane from the relaxed zone into the
goaves and workings. This is related to the distur-
bance of the pressure balance in the deposit, where
the distribution of pressure changes in the rock mass
is characterized by variability in time and space. The
occurring pressure gradient causes the mass of gas to
move towards the excavation, where the pressure is
lower than the pressure of the gas in the rock mass.
The stream of methane released into workings is de-
fined as the total value of the amount of methane re-
leased from the mined seam, both from mined and
transported coal and from the exposed coal bed of the
working face, as well as emissions from neighboring
seams located in the roof and floor and within the
range of mining influences [7].

Many factors could significantly affect the intensity
of methane emissions in a mining excavation. The
most important of them include the method of deposit
exploitation, the mining techniques used, the amount
of extraction, and the selected method of ventilation
and drainage of methane from the rock mass. Addi-
tionally, the operation of auxiliary devices to actively
combat the methane threat or the impact of dams
separating air currents will be crucial. Circumstances
beyond human control will significantly influence
emissivity including sudden drops in atmospheric
pressure, the strength of roof rocks, or the occur-
rence of rock mass tremors.

Of the 20 hard coal mines operated in Poland,
19 are in the Upper Silesian Coal Basin. The only ex-
ception is Lubelski Węgiel “Bogdanka” SA, situated
in the Lublin Coal Basin. In the period 2021–2022,
12 mining plants carried out extraction from methane
deposits, where methane emissions were observed.
At the same time, in 4 other mining plants, where
work was also carried out in methane seams, no gas
emissions were noticed. Exploitation in exclusively
non-methane fields was carried out in 4 other mines.
The principal source of methane capture in Polish mines
is mining areas (64�), followed by methane captured
on dams isolating goaves (34�). The share of meth-
ane drainage from drilled faces is very low (2�). The
total absolute methane capacity in 2022 amounted to
778.95 million m3/year, of which ventilation methane
capacity accounted for 475.48 million m3/year, while
303.47 million m3/year was discharged through the
drainage system. The methane drainage system uses
206.07 million m3/year (68�). Captured gas from

methane drainage systems is not always fully effec-
tively used, which can be explained by the following
factors: variable gas quality, insufficient technical in-
frastructure, as well as regulations and standards in
this area. Therefore, the total emission of methane
into the atmosphere in Polish mines is caused by the
emission of methane from ventilation shafts (VAM)
and the emission of unused methane from methane
drainage. Currently, several projects on the capture
and utilization of methane from rock mass are being
implemented. Unfortunately, there are certain limi-
tations in obtaining methane, especially from post-
mining areas, related to the minimum concentration
of captured gas of 30�. Therefore, as part of the Re-
duction of Methane Emissions Project – REM, the
construction of a parallel methane drainage system
with reduced gas concentration was proposed. The
scope of work includes both the design and construc-
tion stages. In this way, a surface methane drainage
station with a network of underground pipelines with
methane intakes, a measurement system, and an au-
tomatic control system will be built in “Pniówek”.
Methane obtained from post-mining spoils will be
utilized to produce electricity in gas engines connect-
ed to power generators. Another project being imple-
mented is an intelligent methane drainage system, the
aim of which is to optimize and improve the efficiency
of the mine methane drainage system through its au-
tomation and digitization.

3. TECHNOLOGIES OF CAPTURE

AND UTILIZATION OF METHANE

The techniques of methane drainage, capture, and
use of gas in coal mines have been known for many
years. Nevertheless, significant progress at the turn of
the XX and XXI centuries has been noticed both in the
advancement of technology and its application [8].
The principal purpose of methane capture is to en-
sure mine operation safety and continuity of mining
operations. Methane drainage systems are designed
to capture methane and discharge it outside the ex-
ploitation area or to the surface. Selecting an inap-
propriate method may result in low methane capture
efficiency and/or low methane concentrations in the
gas. However, we should not forget about environmen-
tal protection and increasingly higher requirements
for reducing methane emissions into the atmosphere.
Therefore, the management of captured methane and
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its effective utilization are becoming increasingly cru-
cial. The efficiency of use is influenced primarily by
an efficient methane drainage system, which ensures
a constant methane concentration in the captured
methane-air mixture. The demethanization station is
automatically turned off when the CH4 concentration
drops below 30�. Therefore, attempts are being
made to build an alternative methane intake installa-
tion with a reduced concentration of up to 20�. It is
impossible to capture methane below this value due
to approaching the upper explosive limit.

To increase the effectiveness and safety of meth-
ane capture, it is necessary to control and measure
the methane concentration in the captured mixture
in the methane drainage system. Thanks to ongoing
control of methane concentration, it is possible to
identify areas with an increased risk of growth in
methane inflow or poor capture efficiency. It allows
corrective and optimization actions to be taken to
improve the efficiency of the entire methane cap-
ture system. In short, methane concentration control
and precise measurement are essential to ensure
safety and optimize methane capture processes. Mon-
itoring measures are an essential part of any meth-
ane risk management strategy and enable effective
actions to reduce emissions and optimize mining op-
erations.

Various global trends in the demethanation of coal
seams can be observed. Drainage through holes can
be appropriately performed to capture methane from
mining excavation, corridor workings, or post-mining
excavation. The fundamental division according to
the period of drainage of the rock mass includes for-
ward methane release from coal seams untouched by
mining operations (CBM – coalbed methane) and the

current capture of gas released during mining activi-
ties (CMM – coal mine methane) [9]. Pre-methane
demethanation is used for strongly methane-bearing,
deep-lying seams with high permeability after already
using the fracturing technique. This allows the seam
to be degassed several years before operation. In pre-
mining methane drainage, underground drilling in
the coal seam and drilling from the surface can be
used. The concentration of captured methane is ap-
proximately 90�. The effectiveness of this method is
determined by appropriate gas permeability. Due to
low seam permeability values, pre-mining methane
drainage is practically not used in Polish conditions.
Operational methane drainage in the mining excava-
tion area is generally characterized by good efficien-
cy, which results from the relaxation of coal seams
during exploitation. The hole drainage methods used
must be adapted to the ventilation method and the
concentration of the captured methane is 40–50�.

Parameters characteristic of Polish hard coal
mines in 2018–2022, including absolute methane ca-
pacity, the amount of captured methane, the efficien-
cy of methane drainage, the efficiency of manage-
ment of captured methane, and hard coal production,
are listed in Table 1. The average efficiency of meth-
ane drainage in 2022 was 38.9�, which is lower than
the value obtained in 2021. At the same time, an in-
crease in the management efficiency of captured meth-
ane by over five percentage points was noted.

Methane from the drainage system can be used
in various gas management solutions depending on
the quality and volume flow of the discharged mix-
ture. Known methods include gas combustion, supply
into the gas network, use as an auxiliary or main
source for energy systems, chemical input, or car fuel.

Table 1

The methane-bearing capacity in hard coal mines in 2018–2022 [10]

Year 
Parameter 

2018 2019 2020 2021 2022 

Absolute methane-bearing capacity 
[million m3/year] 

916.1 803.8 819.6 815.3 778.9 

Amount of captured methane 
[million m3/year] 

317.0 301.6 302.8 340.9 303.5 

Methane drainage  
efficiency [%] 

34.6 37.5 37.0 41.8 38.9 

Efficiency of captured methane 
utilization [%] 64.1 62.8 62.1 62.8 67.9 

Hard coal production 
[million tons] 63.4 61.6 54.4 55.0 52.8 

 

���

���
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The essential advantage of the popular solution of
flare combustion is low investment cost and reduced
methane emissions but this is at the cost of carbon
dioxide being emitted into the atmosphere. There-
fore, this method will be gradually limited or used
mainly in emergencies. Introducing methane into gas
networks requires high quality, including enrichment
and expensive purification of the supplied gas. An in-
creasingly frequently implemented solution is the uti-
lization of methane as an energy source. Most often,
this energy is used for the needs of a mining plant. It
can be used as an additional fuel, for example, co-
burned with other energy sources or as the primary
fuel using engines, gas turbines, fuel cells, steam pow-
er plants, and other energy installations.

Purified and enriched gas can also be added to
CNG and LNG. The main disadvantage of this solu-
tion, apart from the high processing, storage, and
transport costs, is the need to meet the high-quality
requirements of the obtained fuel [8]. In Poland,
methane utilization methods are dominated by solu-
tions related to energy production (mainly in gas en-
gines) and co-combustion. The use of cogeneration
systems to produce both electricity and heat is devel-
oping in particular dynamically. Combustion of cap-
tured methane is the simplest method of reducing
CH4 emissions. Direct combustion of methane is
most often used only when there is no other option or
in the event of a failure. Increasing the efficiency of
gas management from methane removal is possible
by assuring the stability of the composition of the
methane-air mixture supplied to energy installations.
The constancy of qualitative and quantitative gas pa-
rameters can be ensured by implementing appropriate

activities, including controlling and regulating the meth-
ane removal process, supplying high-concentration gas
from external sources, or purifying the mixture from
inert gases [11].

A separate issue is the use of methane from venti-
lation air (VAM), where the main challenge is related
to a significant stream of the mixture with low meth-
ane concentration. Therefore, it is necessary for the
mine ventilation system to maintain the methane con-
centration below the lower explosive limit. The aver-
age methane content in ventilation air may vary sig-
nificantly depending on the rock mass characteristics
and the methane content in the coal seams. In the
typical conditions of Polish mining plants, the meth-
ane content is usually 0.3� (it may be higher but nev-
er exceeds 0.75�). Due to the high ventilation airflow
in mines, despite such low methane concentration
values, a significant amount of methane is emitted
into the atmosphere. It is estimated that approxi-
mately 70� of the total amount of methane released
during mining works is emitted into the atmosphere
through ventilation shafts. The solutions implement-
ed so far on an industrial scale are mainly based on
reducing VAM emissions through combustion, with
other solutions being intensively developed in this
area. Technologies that enable the enrichment of the
methane-air mixture to methane concentrations are
gaining popularity. Enriched gas with appropriate
methane concentration could be used in existing de-
vices that require higher contents of the flammable
component in the mixture for proper operation [12].
The classification of methane management solutions
divided into use as the main and auxiliary resource in
a given technology is shown in Figure 3.

Fig. 3. VAM combustion technologies – classification and examples – based on [12]
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4. ANALYSIS OF THE CASE OF

CAPTURED METHANE UTILIZATION

BY GAS ENGINES

IN A TRIGENERATION SYSTEM

The subject of the analysis is the methane capture and
utilization system in the “Pniówek” mine, located in
the Upper Silesian Coal Basin (southern Poland). The

study concerns the operation of a trigeneration system
based on a gas piston engine powered by mine gas and
absorption chillers. The engines produce electricity and
heat whilst, on the cooling side, the system’s task is to
cool ventilation air in mining headings for the under-
ground part of the mine. The installation diagram and
device parameters are presented in Figure 4. Figure 5
shows the energy balance of the trigeneration system.

Fig. 4. Trigeneration system diagram – based on [13]

Fig. 5. Energy balance of the trigeneration system – based on [13]

4.1. Characteristics of

the methane drainage station

The main element of the methane capture system
is the drainage station. Its task is to create negative
pressure in the methane drainage pipeline network

and to transmit the captured gas from devices using
methane. The methane drainage station can be divid-
ed into an installation on the suction side (1st com-
pression stage), devices generating negative pressure
and an installation on the discharge side (2nd com-
pression stage), overpressure generating devices and
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auxiliary systems, including a gas cooling installation,
regulating and safety devices, and control and moni-
toring equipment. On the suction side of the installa-
tion, there is also an exhaust chimney enabling gas to
be discharged into the atmosphere under formation
pressure in the event of a standstill of the methane
drainage station. Due to the large amount of gas cap-
tured from the rock mass by the methane drainage
station in the “Pniówek” mine, the methane-air mix-
ture is pumped under different pressures to three re-
ceivers, i.e., gas engines, inter-mine gas transmission
installation and heat and power plant, where the gas
is burned and used for the mine’s needs. The subject
of further analysis is only methane combustion in

a gas engine. The second compression stage is used to
obtain the required gas pressure parameters on the
transmission side to consumers after the methane
drainage station.

The methane drainage station operates automati-
cally, ensuring a stable pressure of gas sent to con-
sumers. All impurities in the form of dust, water, or
oil-water condensate are removed from the captured
gas after the gas passes through the compressors,
which allows the gas to be used to produce electricity
and heat. Detailed operating parameters of the meth-
ane drainage station in the “Pniówek” mine are pre-
sented in the article [14]. A view of the methane drain-
age station with gas engines is shown in Figure 6.

Fig. 6. Methane drainage system in the “Pniówek” mine: a) methane drainage station [14]; b) gas engine

4.2. Measurement scheme

The combined energy and cooling system in the
“Pniówek” mine is equipped with a measuring set
that allows for the analysis of the parameters of the
gas obtained from methane removal and the amount
of electricity produced (Fig. 7). The presented results
were collected in the period from January 1 to June 31,

and mainly analyzed the stream of captured methane,
the concentration of methane in the mixture, and the
production of electricity. Readings were sampled ev-
ery 15 minutes and then averaged on an hourly, daily,
and monthly basis, respectively. Based on the results
from the methane drainage station, an analysis of gas
intake from methane drainage was carried out during
the research period.

a)

b)

Methane drainage station

Gas enignes
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4.3. Analysis and discussion of results

The results collected from the methane drainage
station of the analyzed mine formed the basis for
the presented study, which focused on the variability

of gas intake and electricity production. The first
stage of the work focused on the analysis over an
hourly cycle, where the raw data was averaged
over that time. The results are presented in Figure 8.

Fig. 7. Measuring system with sensor arrangement: T – gas temperature measurement; H – gas humidity measurement;
P – gas pressure measurement; F – measurement of gas flow rate; Q – measurement of gas quality;

1 – methane drainage station; 2 – compressor hall; 3 – reduction station; 4 – heat and power plant; 5 – gas engines;
6 – 2nd stage of the pressure manifold; 7 – 1st stage of the pressure manifold; 8 – pipeline with methane-air mixture

from a hard coal mine; 9 – inter-mine transmission installation; 10 – blowouts

Fig. 8. Changes in methane capture and electricity production in an hourly cycle
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With a methane-air mixture of 90–100 m3/min, elec-
tricity production of 14,000 kWh/h was achieved while
reducing the methane intake to 60–70 m3/min results
in electrical production lowering to 11,000 kWh/h.

To use the captured mixture in the system de-
scribed above, it is crucial to maintain the appropri-
ate methane concentration in the methane-air stream.
Therefore, the concentration of this parameter was

also analyzed, and the course of variability is shown
in Figure 9. The graph shows that the methane con-
centration remained at an average level of approxi-
mately 60�.

Figure 10 shows changes in the methane concen-
tration, electricity production, and the mixture cap-
ture after daily and monthly averages in the analyzed
period.

Fig. 9. Changes in methane concentration in the mixture

Fig. 10. Variability of methane capture in the first half of the year: a) in the daily cycle; b) on a monthly basis

a)

b)
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In the first half of the year, the monthly meth-
ane capture varied from 3.3 to 4.2 million m3 per
month, resulting in electricity production from 7.7 to
10.2 thousand MWh per month. Methane emissions in
this amount correspond to approximately 55–65 thou-
sand tons of CO2eq, assuming a GWP of 25. As a result
of methane combustion, carbon dioxide is released
into the atmosphere in larger quantities than the meth-
ane supplied to the process. By burning every ton of
methane, 2.75 tons of carbon dioxide are emitted.
Due to the much lower impact of this gas on the
greenhouse effect, despite higher emissions, this pro-
cess has a much smaller impact on the atmosphere
compared to the emission of pure methane. With
such significant methane emissions into the atmo-
sphere during mining, methane combustion plays an
essential role in reducing the greenhouse effect.

4.4. Proposal

of a comprehensive approach

to the management

and economic use of methane

Applying best practices in demethanization and
methane utilization is crucial to reducing methane-
related incidents that too often accompany coal min-
ing and contributing to environmental protection by
reducing greenhouse gas (GHG) emissions [8].

The lack of effective management of the produc-
tion and distribution of electricity/heat/cooling ener-
gy makes it impossible to exploit coal seams with high
methane and climatic hazards, and unmanaged methane
emissions cause environmental damage but also involve
emission fees, which will pose a problem with the
profitability of mining in the future. Hence, a compre-
hensive approach to the issue of methane capture and
its optimal management is especially crucial. Figure 11
shows a diagram of a comprehensive approach to the
challenge of methane capture and utilization.

The first stage in the adopted procedure was a de-
tailed understanding of the source of methane in the
analyzed mine, i.e., the predicted emission to the mine
workings and/or the atmosphere. Recognition of re-
sources is necessary to select gas capture and use
techniques. The next step concerns the optimization
of the chosen methane capture method by increasing
the quantity and quality of the captured gas. Based on
the first two stages, it is possible to develop the con-
ception of methane capture and management in the
next stage and then implement the project. However,
this is not the last stage in the appropriate manage-
ment of methane emissions in the mine since one of
the most important is the proper operation of the sys-
tem. This mainly relates to the ongoing analysis of
changes in methane availability, monitoring the pa-
rameters of the captured mixture, training staff in the
proper system operation, and systematic maintenance.

Fig. 11. Scheme of a comprehensive approach to the issue of methane capture and management

5. SUMMARY

Methane emissions from mines have been of great
interest for years. This is a crucial topic, not only for
environmental reasons but also for energy and, therefore,

financial benefits. Poland, along with the United States,
Russia, Australia, Ukraine, Kazakhstan, and India, is
one of the countries with significant CMM emissions.

To ensure professional and effective risk manage-
ment, good practices in mining need to be transferred
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to all countries. Regardless of the location or mining
conditions, it is possible to significantly reduce the
risk of methane incidents and explosions. Effective
management of methane risk in coal mines can also
have the benefit of contributing to the reduction of
greenhouse gas emissions. The trigeneration system
in which methane from the mine is burned in gas en-
gines and used to produce electricity, heat, and cool-
ing energy is an example of reasonable and optimal
management. This allows for reducing methane emis-
sions into the atmosphere while increasing the effi-
ciency of coal mining in conditions of methane and
climatic threats.

The article presents the results of the study car-
ried out in a hard coal mine in Poland. This exam-
ple is used to indicate the ecological and economic
benefits resulting from the trigeneration system. The
monthly methane capture ranges from 3.3 million m3

to 4.1 million m3. It corresponds to monthly electrici-
ty production from 7,790 MWh to 10,190 MWh. This
methane emission in CO2 equivalent is approximate-
ly 55–66 thousand tons of CO2eq.

In summary, it should be stated that methane utili-
zation from hard coal mines in a trigeneration system
is a potential solution to effectively reduce methane
emissions into the atmosphere. However, to achieve
this goal, it is necessary to ensure the appropriate
concentration and amount of methane captured by
the methane drainage system. These parameters are
crucial elements of an effective methane emission re-
duction strategy in the coal sector.

References

[1] Modzelewski W., Nęcki J.: Emisje metanu: wyzwanie dla kli-
matu, energetyki i prawa. ClientEarth, Prawnicy dla Ziemi, War-
szawa 2022, https://www.clientearth.pl/media/fz5hbsnu/2022-
01-26-emisje-metanu-wyzwanie-dla-klimatu-energetyki-i-
prawa.pdf [20.02.2023].

[2] Jackson R.B., Saunois M., Bousquet P., Canadell J.G.,
Poulter B., Stavert A.R., Bergamaschi P., Niwa Y., Segers A.,
Tsuruta A.: Increasing anthropogenic methane emissions arise
equally from agricultural and fossil fuel sources. Environmental
Research Letters 2020, 15, 071002, http://dx.doi.org/10.1088/1748-
9326/ab9ed2.

[3] Lan X., Thoning K.W., Dlugokencky E.J.: Trends in globally-
averaged CH4, N2O, and SF6 determined from NOAA Global
Monitoring, Laboratory measurements. Version 2022-10, 2022,
https://doi.org/10.15138/P8XG-AA10.

[4] International Energy Agency: Methane Tracker Database, 2022,
https://www.iea.org/reports/global-methane-tracker-2022
[20.02.2023].

[5] Höglund-Isaksson L., Gómez-Sanabria A., Klimont Z., Ra-
faj P., Schöpp W.: Technical potentials and costs for reducing
global anthropogenic methane emissions in the 2050 timeframe –
results from the GAINS model. Environmental Research Let-
ters 2020, 2, 025004.

[6] Krajowy Ośrodek Bilansowania i Zarządzania Emisjami
(KOBiZE). Krajowy Raport Inwentaryzacyjny 2022 Inwen-
taryzacja emisji i pochłaniania gazów cieplarnianych w Polsce
dla lat 1988–2020. Raport syntetyczny, Warszawa 2022, https://
www.kobize.pl/uploads/materialy/materialy_do_pobrania/
krajowa_inwentaryzacja_emisji/NIR_2022_raport_syntetycz-
ny_PL.pdf.

[7] Borowski M., Szlązak N., Swolkień J.: Wpływ zmian ciśnienia
barometrycznego na efektywność ujęcia metanu ze ściany wy-
dobywczej przez system odmetanowania. Wiadomości Górni-
cze 2016, 67, 9: 526–533.

[8] United Nations. Economic Commission For Europe, and
Methane To Markets Partnership: Best Practice Guidance
for Effective Methane Drainage and Use in Coal Mines. New
York – Geneva: United Nations, 2010, https://lccn.loc.gov/
2010554273 [20.02.2023].

[9] Nawrat S., Kuczera Z, Łuczak R., Życzkowski P., Napieraj S.,
Gatnar K.: Utylizacja metanu z pokładów węgla w polskich
kopalniach podziemnych. Uczelniane Wydawnictwa Naukowo-
-Dydaktyczne, Kraków 2009.

[10] Wyższy Urząd Górniczy: Ocena stanu bezpieczeństwa pracy,
ratownictwa górniczego oraz bezpieczeństwa powszechnego
w związku z działalnością górniczo-geologiczną w 2022 roku
(porównanie od roku 2017). Katowice 2023.

[11] Borowski M., Życzkowski P., Łuczak R., Karch M., Cheng J.:
Tests to Ensure the Minimum Methane Concentration for Gas
Engines to Limit Atmospheric Emissions. Energies 2020, 13, 44,
https://doi.org/10.3390/en13010044.

[12] Pawlaczyk-Kurek A., Suwak M.: Will It Be Possible to Put into
Practice the Mitigation of Ventilation Air Methane Emissions?
Review on the State-of-the-Art and Emerging Materials and
Technologies. Catalysts 2021, 11, 1141, https://doi.org/10.3390/
catal11101141.

[13] Gatnar K.: Kogeneracja i trójgeneracyjna na bazie gazu z od-
metanowania kopalń – aktualny stan w Jastrzębskiej Spółce
Węglowej. XXX Konferencja z cyklu Zagadnienie surowców
energetycznych i energii w gospodarce krajowej, Zakopane,
9–12.10.2016 r., https://se.min-pan.krakow.pl/pelne_teksty30/
k30_mk_z/k30mk_gatnar_z.pdf [20.02.2023].

[14] Borowski M., Życzkowski P., Cheng J., Łuczak R., Zwolińska K.:
The Combustion of Methane from Hard Coal Seams in Gas
Engines as a Technology Leading to Reducing Greenhouse
Gas Emissions – Electricity Prediction Using ANN. Energies
2020, 13, 4429, https://doi.org/10.3390/en13174429.

MAREK BOROWSKI, Prof.
borowski@agh.edu.pl

KLAUDIA ZWOLIŃSKA-GLĄDYS, MSc., Eng.
kzwolinska@agh.edu.pl

ANDRZEJ SZMUK, MSc., Eng.
szmuk@agh.edu.pl

AGH University of Krakow
al. A. Mickiewicza 30, 30-059 Krakow, Poland

© 2023 Authors. This is an open access publication, which can be used, distributed and reproduced in any medium according
to the Creative Commons CC-BY 4.0 License.

https://www.kobize.pl/uploads/materialy/materialy_do_pobrania/krajowa_inwentaryzacja_emisji/NIR_2022_raport_syntetyczny_PL.pdf
https://lccn.loc.gov/2010554273
https://doi.org/10.3390/catal11101141
https://se.min-pan.krakow.pl/pelne_teksty30/k30_mk_z/k30mk_gatnar_z.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /PLK ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




