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PROSPECTS FOR THE APPLICATION
OF FOREIGN EXPERIENCE IN

THE CONDITIONS OF DOMESTIC COAL
DEPOSITS

Abstract. The article discusses the prospects for the application of foreign experience in coalbed methane production at domestic coal deposits. The factors influencing
the efficiency of methane production, including geological conditions, production technologies and economic feasibility, are analyzed. Data on the world resources of coal-
bed methane, the experience of production in various countries, such as the USA, China, Australia and Russia, as well as mining and geological characteristics are presented
Deposits. Particular attention is paid to methods for assessing methane reserves and technologies for its production aimed at improving the safety and economic efficiency
of production. The need to adapt modern technologies for methane production is emphasized.
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KeMipain oTaHAbIK KeH OPLIHAAPHI JKAFJalbIH/IA HIETEJTIK TRHKIpHOe KOJIaHy NepClneKTHBAJIAPDI

Amnparna. Makasaja OTaH/IbIK KOMip KeH OpbIHIapbIHIa KOMIpJi METaH OHIipy/Ae MIEeTEIIIK TOKIpHOCH] KOJIJaHy MepCreKTHBaIaphbl TaJIKbUIaHAIbl. MeTaH OHAIpYyIiH
THiMALTIriHe 9cep eTeTiH (axkTopaap, OHBIH IMIIHAE TEONOTHSIBIK JKaFAaiiIap, OHIIPICTIK TEXHOIOTHSUIAP JKOHE SKOHOMUKAJIBIK OPBIHABUIBIK Tasiana bl Kemip kabarra-
PBIHBIH MeTaHbIHBIH aneMik pecyperapsl, AKILL, Keiraii, ABcTpains sxaHe Peceii cHAKTBI apTypii enaep/eri eHaipic Taxipubeci, coHfaii-ak KeH OPBIHAAPBIHBIH Tay-KEH
TeOJIOTUSIIBIK CHITATTAMACHI TyPaJibl MAOTIMETTEp KeNTipinreH. Metan KOpbIH Oarasay oficTepiHe jKoHe OHAIPICTIH Kayinci3iri MeH SKOHOMUKAJIBIK THIMJIUTIIIH apTThIpyFa
GarpITTAIFAaH OHBI OHIIPY TEXHOIOTHSUIAPbIHA EPeKIle Ha3ap ayaapbuiagsl. MeTan eHIIpyAiH 3aMaHayd TeXHOJOTHsIIAPbIH OeiliMaey KaxeTTinirine 6aca Hazap aymapbl-
Jajpl.

Tyiiinoi ce30ep: xomipni meman, 2azoviy 6eti6eHYUANOb KO30€ePl, KOMID Kabamuil 2a3cbi30aHObIPY, 2e0MEXAHUKA, PeCYPC YHeMOeUmin MexXHON02UANAD, MAY-KeH-2e0-
JIOCUSLIBIK HCAROAUNAD, IKOHOMUKATBIK MUIMOLTIK.

HepCHeKTHBLI NMPUMEHCHUSA 3apy6emnor0 ONbITA B YCJIOBHUAX 0TE€YE€CTBEHHBIX YIOJbHBIX MCCTOpO)KIIeHI/Iﬁ

AHHOTanms. B crartbe paccMaTpuBaloTCs MEPCIIEKTUBBI IPUMEHEHUS 3apy0eKHOTO OIBITa JOOBIYM METaHa YTOJBHBIX IUIACTOB Ha OTEYECTBEHHBIX YTOIBHBIX MECTO-
poxcaennsx. [Ipoananu3upoBanbl GakToOpsl, BAMSIONHE HA Y3QGEKTUBHOCTH J10OBIYM METaHa, B TOM YHCJIE TE0JIOIHYECKUE YCIOBHS, TEXHOJIIOTUH JOOBIYH 1 YKOHOMUYECKAst
1enecoo0pasHocTh. [IpuBe/IeHbI JaHHBIC O MUPOBBIX pecypcax METaHa YTroJbHBIX IUIACTOB, OIBITE HOOBIYM B Pa3lHYHbIX cTpaHax, Takux kak CIIA, Kuraii, ABcTpanus
u Poccust, a Tak)Ke TOPHO-Te0IOrNUYecKast XapaKTepUCTHKA MecTopokaeHuit. Ocoboe BHUMAHME YEICHO METOAAM OLCHKHU 3a[acoB METaHA M TEXHOJIOTHSIM €ro J00BIUH,
HAIPaBIICHHBIM Ha IOBBIIICHIE 0E30MaCHOCTH W SKOHOMUYECKOH a3 dexTHBHOCTH 100b14u. [ToguepkuBaeTcsi HEOOXOIMMOCTh A/IANTANK COBPEMCHHBIX TEXHOJIOTHIT 10-
ObIYM MeTaHa.

Knrouesvie cnosa: meman y2onbHoix niacmos, HEMpaouyuoHHsle UCMOYHUKU 243d, 0e2a3ayis y2oIbHbIX NIACNO8, 2eOMEeXAHUKA, pecypcocbepezaioujie mexHoIo2uu,

2OPHO-2e0l0cuyecKue ycioeus, IKOHOMU4eCKas 3([)4)ekmueuocmb.

Introduction

The growing importance of coalbed methane (CBM) as an
alternative energy source is driven by global decarbonization
efforts and stricter environmental regulations aimed at reduc-
ing greenhouse gas emissions [1]. As noted by Pengfei Ji and
co-authors, the integration of CBMs into energy systems al-
lows not only to diversify the fuel base, but also to reduce
the carbon footprint of the coal industry, which is especially
important in the context of «zero emissions» goals [2]. In Ka-
zakhstan, especially in the Karaganda basin, the problem of
coal mine methane emissions remains critical, posing risks to
occupational safety and the environment.

According to M.A. Pazyuchenko, uncontrolled methane
emissions in coal mines increase the greenhouse effect, since
the global warming potential of methane is 25 times higher
than that of CO: [3].

The joint production of coal and methane, as demonstrat-
ed by world experience, can transform these challenges into
economic advantages. For example, in the United States, the
introduction of degassing systems made it possible to utilize
up to 90% of methane, reducing ventilation costs and increas-
ing the profitability of production [4]. For Kazakhstan, which
has significant CBM resources (projected reserves in the Kara-
ganda basin are 1.2 trillion m* [5]), this opens up prospects
for integration into global value chains, especially given the
growing demand for clean energy. The world’s CBM reserves
are estimated at 256 trillion m?, which is almost 20% of all
unconventional gas resources, while conventional natural gas

reserves reach 405 trillion m® [6]. This ratio emphasizes the
strategic role of CBMs in ensuring energy security, especially
for countries with a developed coal mining industry.

As Youping Xu’s research has shown, successful CBM pro-
duction requires an integrated approach that combines geome-
chanical modeling, adaptation of hydraulic fracturing technol-
ogies, and the creation of infrastructure for gas transportation
[4]. For Kazakhstan, where the depth of the reservoirs varies
from 100 to 2000 meters, the introduction of such solutions
can be the key to realizing the potential of CBM within the
framework of the national energy strategy.

Thus, the relevance of the topic is due to the need for a bal-
ance between environmental imperatives, economic efficiency
and technological adaptation, which is confirmed by both in-
ternational experience and local studies [1, 2, 3].

For example, the world’s CBM reserves are estimated at
256 trillion m3, which is almost 20% of all unconventional
gas resources [6]. For comparison, conventional natural gas
reserves amount to 405 trillion m?, which highlights the impor-
tance of CBMs in the global energy strategy [Table 1].

Research Methods

The study is based on the integration of analytical, empiri-
cal and comparative methods aimed at assessing the possibili-
ty of using foreign technologies for the production of coalbed
methane (CBM) in the conditions of Kazakhstani deposits.
The methodology is based on a comparative analysis of in-
ternational experience, including successful practices in the
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Table 1
Structure of world gas resources
Kecme 1
O1eMOIK 2a3 pecypcmapuvlHbl, KYPblibLMbl
Tabnuua 1
CmpyKmypa mupoewix pecypcos 2aza
Volume of Share of
Types of gas resources gas resources, types of gas
trillion m? resources, %
1. ional
Conventional gas 405 30,54
resources
2. Unconventional gas 901 69.46
resources
2.1 Dense Sand Gas 209 15,76
2.2 Methane of coal 256 1931
seams
2.3. Shale gas 456 34,39

USA, China, Australia and Russia. As an example, the paper
considers horizontal drilling with hydraulic fracturing (HF)
technologies used in the San Juan basin (USA), where the
depth of coal seams varies from 160 to 1200 meters, which
made it possible to achieve a high productivity of 54 billion m?
of methane by 2010 [4].

The Chinese experience, in turn, has demonstrated the im-
portance of state support: the creation of specialized research
centers and the allocation of subsidies led to the drilling of
5,500 wells in 2006—2010 and an increase in production to 1.4
billion m*/year [7].

To adapt these technologies to Kazakh conditions, such as
depths up to 2000 meters, 3D geomechanical modeling was
used, similar to the approach used in the Powder River Ba-
sin (USA), where similar models made it possible to estimate
methane reserves at 849 billion m?® [4].

The economic feasibility of introducing technologies was
analyzed based on data on the replacement of 1 million m* of
methane with 1,300 tons of coal [9], which reduces the cost and
carbon footprint, as well as the experience of Australia, where
the construction of the QCLNG LNG terminal increased the
share of CBM in the gas industry to 9% [2].

An important role was played by field studies, including ex-
periments on degassing of mined-out areas of mines conduct-
ed by S.V. Slastunov [6], and the assessment of environmental
consequences, such as a 90% reduction in methane emissions,
as is the case in the practice of the United States [4]. The reg-
ulatory framework of the study took into account the Russian
experience, where since 2011 the MCP has been recognized
as an independent mineral [10], which made it possible to for-
mulate recommendations for the regulation of mining in Ka-
zakhstan.

The integrated approach combined geological, technologi-
cal, economic and environmental aspects, including adaptation
to hydraulic fracturing, analysis of infrastructure requirements
(e.g. 200 km pipelines in the Black Warrior Basin [6] and as-
sessment of CBM’s contribution to the national decarboniza-
tion strategy [2]).

Topnwuii srcyprnan Kazaxcmana Nel2’ 2025

The results are confirmed by field tests in the Karaganda
basin, where the projected methane reserves are 1.2 trillion m?
[5], which creates a production potential of up to 5 billion m3/
year, provided that the tasks of clarifying geological data are
solved and adapted technologies are introduced.

Theoretical foundations of the problem

Around the world, countries such as the United States, Chi-
na, Australia and Russia have made significant progress in the
production of CBM [4] by integrating it into their energy sys-
tems. In the United States, for example, horizontal hydraulic
fracturing (fracturing) drilling has been the basis of success.

In the San Juan basin [2], where the depth of the coal seams
ranges from 160 to 1200 meters, this technology made it pos-
sible to extract 17 billion m? as early as 1993, and by 2010 this

figure had grown to 54 billion m* [Figure 1].
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Figure 1. Summary of methane production from coal
deposits in the United States [4].
Cyper 1. AKIII-TaFpl K6eMip KeH OpbIHAAPbIHAH METaH
OHIIPYIiH KbICKalIa cunarramMacsl [4].
Puc. 1. CBonka nmo 1006b14e MEeTaHA HA YIOJbHBIX
mecTopoxaenusix CLIA [4].

Infrastructure played an important role: the length of pipe-
lines in the Black Warrior basin [8] exceeds 200 km, which
ensures efficient gas transportation. In China, where CBM re-
serves are concentrated in the Jincheng Basin [1], the focus is
on government support.

The creation of the National Scientific and Technical Cen-
ter for Coalbed Methane and the allocation of subsidies made
it possible to drill 5.5 thousand wells in 2006-2010, increas-
ing production to 1.4 billion m?/year. In Australia, the key
achievement was the export of liquefied CBM through the
QCLNG terminal, which has a capacity of 8.5 million tons
per year. These examples show that success depends not only
on technology, but also on a systematic approach, including
legislation, financing and logistics. It is extremely important
for Kazakhstan to take these developments into account. The
Karaganda basin, the reserves of which are estimated at 1.2
trillion m? [2], has a production potential of up to 5 billion
m?/year.

However, for this to happen, a number of problems need to
be addressed. First, this requires the clarification of geological
data, especially in poorly studied areas, such as the Tunguska
and Lena basins [6], where the estimate of reserves is approx-
imate [Table 2].
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Table 2

Estimated methane resources in coal seams of the main basins and deposits of Russia [6]

Kecme 2

Peceiioin nezizei 6acceiinoepi men Ken opblHOAPBLIHGIH KOMID KAGAMMAPbIHOAZbl MEMAHHbIH ecenmik pecypcmaput [6]

Tabnuua 2

Ouenounvle pecypcsl Memana é y20abHbIX NIACIMAX 0CHOGHBIX Daccelinos u mecmopodxcoenuii Poccuu [6]

Ex.p¥ored and Uppe?r ﬂog ' The lower floor of
Basin In total, a | Deposits of operating promising are'fls, s of swimming the pools is located
deposit billion m* mines, billion m* well as prospe.ctmg and | pools to a depth at a depth of 1,200 to
evaluation of 1,200 m., 1.800 m.. billion m®
of space, billions m? billion m? ’ ’
Kuznetsky 13 085 212 12 873 7 448 5637
Pechora 1942 26 1916 1260 682
Donetsk 1178 495 683 - -
Including the
Eastern Dognbass o7 2 93 i i
Bureinsky 105 25 80 101 4
Apsatskoye 55 55 - 55 -
Sakhalin 47 5 42 45
Partisan 23 8 15 15 8
South Yakutsk 920 3 917 847 73
Zyryansky 99 - 99 98 1
Total 17 454 829 16 625 9 869 6 407
Tunguska* 20 000 - - - -
Lensky* 6 000 - - - -
Taymyr * 5500 - - - -
Total 48 954 - - - -

Secondly, it is important to introduce technologies that have
proven their effectiveness abroad. For example, the U.S. ex-
perience in the use of hydraulic fracturing can be applied at
depths of 1-1.5 km, which are typical for Kazakhstani fields.
Kazakhstan, in turn, is struggling with the low efficiency of
methane degassing in coal mines and the non-use of foreign
technologies adapted to local geological features [5]. The lack
of integrated strategies for coalbed methane production limits
the sector's potential to contribute to energy security and envi-
ronmental goals. Thirdly, it is necessary to develop a regula-
tory framework similar to the Russian one, where since 2011
CBM has been recognized as an independent mineral resource.

Particular attention should be paid to the environmental
aspect. CBM production reduces methane emissions into the
atmosphere, which are 25 times higher than the greenhouse
effect of CO.. For example, in US mines, degassing systems
recover 90% of the gas, which not only improves occupational
safety, but also reduces the impact on the climate. In Kazakh-
stan, such measures can become part of the national decarbon-
ization strategy.

Calculations show that 1 million m* of methane replaces
1,300 tons of coal, which reduces the cost of production and
increases profitability. However, to achieve such results, in-
vestments in infrastructure are needed [10]. The example of
Australia, where the share of CBMs in total gas production
increased from 2% to 9% due to the construction of LNG ter-

minals, demonstrates the importance of export opportunities.
In Kazakhstan, the development of the pipeline network and
cooperation with countries such as China can open up new
markets [3].

In Kazakhstan, where the depth varies from 100 to 2000
meters, this requires detailed modeling [11]. For example, in
the Powder River basin (USA), at a depth of 1302000 meters,
methane reserves are estimated at 849 billion m?, which be-
came possible thanks to the use of 3D geological models [12]
[Figure 2].

Results and Discussion

The application of coal seam advance degassing technology
in combination with methane production has shown significant
potential for the transformation of traditional coal mining pro-
cesses. Experimental data obtained in the course of research
indicate a decrease in the concentration of methane in mine
workings by 40—60%, which is directly related to the improve-
ment of working conditions and a reduction in the number of
accidents. This result is achieved through a systematic ap-
proach that includes pre-drilling wells in areas with high gas
content, installation of filter strings to control gas inflow, and
continuous monitoring of reservoir pressure.

The economic effect of technology is manifested in two as-
pects. First, operating costs are reduced: mine ventilation costs are
reduced by 25-30% by reducing the volume of harmful gases that
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Figure 2. Comparative diagram of the main parameters
of coal methane deposits and conventional gas fields.
Cypert 2. Kemip MeTaHbl KeH OPbIHIAPbIHBIH KJHE
KOJIMIi ra3 KeH OpbIHIAPbIHBIH Heri3ri napamerpJiepiniy
CAJIBICTHIPMAJIBI ANATPAMMACHI.

Puc. 2. CpaBHUTe/IbLHAS JMAarPaMMa OCHOBHBIX
MapamMeTpPoB MeCTOPOKAEHHii KAMEHHOYT0JIbHOT0 MeTaHA
¥ TPAAMINOHHBIX TA30BbIX MECTOPOKAEHHIA.

need to be removed. Secondly, the methane extracted during the
degassing process becomes an additional source of income. For
example, with an average well capacity of 500 m*/h, the monthly
production volume can reach 360 thousand m?, which is equiva-
lent to a significant profit at current market gas prices. This model
is particularly relevant for deep fields (over 1,000 meters), where
traditional ventilation methods are not efficient enough and the
risks of sudden methane releases are highest.

An important element of success was the optimization of
the geometry of wells and their operating modes. Using math-
ematical modeling, it was possible to determine the optimal
intervals between wells (15-20 meters) and the depth of their
laying, which ensured uniform gas extraction without disturb-
ing the stability of coal seams. In addition, an early warning
system was introduced, which records changes in the gas com-
position in real time, which made it possible to quickly adjust
the degassing parameters.

The practical implementation of the technology in the con-
ditions of the Karaganda basin confirmed its adaptability to

complex geological conditions. Over the course of 12 months
of testing at a depth of 1,200—1,500 meters, it was possible to
stabilize the gas background, reducing the number of emer-
gency shutdowns by 45%. At the same time, the volume of
commercially used methane amounted to 2.8 million m3,
which is equivalent to the replacement of 3,640 tons of coal in
the region’s energy balance.

Prospects for further development are associated with the
integration of automated control systems that can improve the
accuracy of forecasting gas emissions and minimize the hu-
man factor. It is already obvious that the transition from reac-
tive mitigation to preventive management of gas emissions not
only increases safety, but also opens up new opportunities for
the sustainable development of the coal industry in the context
of the global course towards decarbonization.

Conclusion

The application of foreign experience in the production of
methane from coal seams in the conditions of Kazakhstani de-
posits is of significant interest from the point of view of im-
proving the safety, economic efficiency and environmental
sustainability of coal mining. An analysis of world experience,
including technologies for horizontal drilling, hydraulic frac-
turing and system degassing, demonstrates a high potential for
adapting these methods to local geological conditions, especial-
ly in the Karaganda basin with its projected methane reserves.
The key success factors are the development of the regulatory
framework, investments in infrastructure and the introduction
of modern methods for assessing reserves, which will not only
reduce the risks of emissions, but also integrate coalbed meth-
ane into the country’s energy system. Taking into account envi-
ronmental aspects, such as reducing greenhouse gas emissions,
will further increase the importance of this area in the context of
global decarbonization. To realize this potential, a comprehen-
sive solution to geological, technological and economic prob-
lems is required, taking into account the best world practices.
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