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Aban doned mine meth ane (AMM) is a by-prod uct of the un der ground min ing of gassy coal seams. Closed and aban doned
mines have the po ten tial of ac cu mu lat ing gas which is con tin u ously re leased over many years af ter the end of min ing. The
com mer cial de vel op ment of AMM re sources is ben e fi cial be cause eco nomic prof its are com bined with en vi ron men tal and
safety ben e fits. Since sev eral gassy coal mines have been closed in re cent years, a con sid er able AMM po ten tial may ex ist in
the Up per Silesian Coal Ba sin (USCB). To as sess AMM re source po ten tial in the USCB, a re search pro ject was con ducted
by the Up per Silesian Branch of the Pol ish Geo log i cal In sti tute – Na tional Re search In sti tute (PGI-NRI). The pro ject re vealed 
de fi cien cies in the ex ist ing ap proach to the AMM re source eval u a tion meth od ol ogy, and thus a new dy namic method of AMM
re sources/re serves es ti ma tion was de vel oped. The new method was used to es ti mate the AMM re serves of the seven aban -
doned min ing ar eas con sid ered pro spec tive for AMM de vel op ment in the USCB. The re sults dem on strated that the re cov ery
and uti li za tion of AMM is poorly de vel oped in the USCB. Only three com mer cial AMM de vel op ment pro jects have been im -
ple mented over the last 20 years, with a cu mu la tive pro duc tion of 70 mil lion m3. An un der stand ing of fac tors con trib ut ing to
the ef fec tive de vel op ment of AMM re sources is im por tant for the long-term plan ning of AMM uti li za tion in the USCB. Four
groups of these fac tors have been iden ti fied based on the PGI-NRI pro ject find ings and each group is dis cussed in de tail in
this pa per. The fac tors of the first group re fer to the knowl edge of geo log i cal and struc tural con di tions which con trol per me -
abil ity and meth ane con tent dis tri bu tion in the ba sin. The re main ing three groups of fac tors are re lated to break ing down ex -
ist ing bar ri ers that have com mon roots in the le gal and ad min is tra tive sys tem, in which ap pro pri ate changes are pro posed in
this ar ti cle.

Key words: coalbed meth ane, coal mine meth ane, aban doned mine meth ane, Up per Silesian Coal Ba sin, meth ane emis sion 
re duc tion.

INTRODUCTION

When a gassy coal mine is closed, coal-re lated gas is a ma -
jor haz ard in terms of pub lic safety (un con trolled mi gra tion of
gas to the sur face) and the en vi ron ment (meth ane emis sion to
the at mo sphere). How ever, coal-re lated gas can also be a valu -
able en ergy source if prop erly and ef fi ciently cap tured and
used.

The term coal-re lated gas, com monly re ferred to as coalbed 
meth ane (CBM), in cludes all types of gas ac cu mu la tions de -
rived from coal, but, de pend ing on the form of oc cur rence and

gas ex trac tion tech nol ogy, it can be di vided into nat u rally oc cur -
ring gas ac cu mu la tion re ferred to as vir gin coalbed meth ane
(VCBM) and anthropogenic gas ac cu mu la tion, which is formed
as a re sult of coal min ing, re ferred to as coal mine meth ane
(CMM). CMM is gas re leased dur ing coal min ing, which is par -
tially cap tured us ing an un der ground drain age sys tem. A sub -
type of CMM is ven ti la tion air meth ane (VAM), which is meth -
ane emit ted through ven ti la tion shafts at a very low con cen tra -
tions. When a gassy coal mine is closed, the re main ing CMM
gas is re ferred to as aban doned mine meth ane (Fig. 1). AMM is
post-clo sure meth ane gas stored and re leased over many
years within an area dis turbed by min ing. AMM gas can be ex -
tracted us ing sur face-to-gob wells (wells drilled from the sur face 
di rectly into goaf ar eas in or der to ex tract meth ane gas) or, less
fre quently, us ing an ex ist ing un der ground meth ane drain age
sys tem.

Com mer cial de vel op ment of AMM is al most al ways a chal -
lenge due its oc cur rence in post-min ing ar eas along with rel a -
tively low pro duc tion flow rates (com pared to con ven tional gas
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fields). How ever, de vel op ing AMM re sources is ben e fi cial be -
cause eco nomic prof its are al ways com bined with en vi ron men -
tal and safety ben e fits. This is es pe cially true in the light of the
re cent Eu ro pean cli mate pol icy. Re duc ing meth ane emis sions
from aban doned coal mines is an im por tant part of EU reg u la -
tion which re cently came into force, and thus AMM de vel op -
ment should also be of spe cial in ter est to the state ad min is tra -
tion. An un der stand ing of fac tors con trib ut ing to the ef fec tive
de vel op ment of AMM re sources is crit i cal for the long-term
plan ning of AMM uti li za tion in the USCB.

Iden ti fi ca tion of the most im por tant fac tors con trib ut ing to
the ef fec tive de vel op ment of AMM re sources in the USCB has
been made pos si ble as a re sult of the AMM as sess ment study
con ducted by the Up per Silesian Branch of the PGI-NRI. The
eval u a tion of AMM re sources and re serves has been the core
of that study, and we de scribe its re sults, fol lowed by de tailed
dis cus sion of the four groups of fac tors which make the great est 
con tri bu tion to AMM de vel op ment in the USCB.

AN OVERVIEW OF COAL GEOLOGY
AND COAL-RELATED GAS RESOURCES

IN THE USCB

The USCB is one of three Pol ish Variscan coal bas ins. It is
filled with de pos its of Up per Car bon if er ous age and is lo cated in 
south ern Po land, with 1/5 of the ba sin area lo cated in the Czech 
Re pub lic (Fig. 2). The Car bon if er ous base ment com prises Pre -
cam brian, Cam brian and De vo nian strata. The Car bon if er ous
sec tion be gins with a car bon ate as so ci a tion, pass ing into ma -

rine clastic de pos its, and then into molasse coal-bear ing strata
(Mis sis sip pian and Penn syl va nian) which are di vided into 4
main lithostratigraphic units, rep re sent ing the time in ter val from
Namurian A to Westphalian D (from Serpukhovian to Mosco -
vian). The Car bon if er ous over bur den con sists mainly of Tri as -
sic, Mio cene and Qua ter nary de pos its, less fre quently Perm ian
and Ju ras sic, and in the south ern part of the ba sin also the
Carpathian overthrust (Up per Cre ta ceous and Paleogene)
(Kotas, 1995; Jureczka et al., 2005).

A char ac ter is tic fea ture of the Car bon if er ous coal-bear ing
suc ces sion is its dis tinct bi par tite na ture. The older part of the
coal-bear ing sec tion is formed of strata that orig i nated in a
paralic depositional en vi ron ment, with a clearly vis i ble in flu ence
of pe ri odic ma rine in gres sions (Gradziñski et al., 2005), litho -
stratigraphically re ferred to as the Paralic Se ries (Namurian A –
Serpukhovian). The youn ger strata of the coal-bear ing se -
quence, de vel oped in con ti nen tal depositional en vi ron ments,
over lie the Paralic Se ries with a strati graphic gap. Litho strati -
graphically, the con ti nen tal sed i men tary sec tion be gins with the
Up per Silesian Sand stone Se ries (Namurian A–C – Serpukho -
vian and Early Bashkirian) fol lowed by the Mudstone Se ries
(Westphalian A–B – Late Bashkirian and Early Moscovian),
while the top most for ma tion is called the Cra cow Sand stone
Se ries (Westphalian B–D – Late Moscovian; Fig. 3). The pres -
ent thick ness of the Up per Car bon if er ous coal-bear ing strata
reaches a max i mum of ~4,500 m in the west ern and cen tral
parts of the ba sin, and de creases to wards the east to sev eral
hun dred metres, partly due to the pinch ing out of cer tain litho -
stratigraphic units. The struc tural set ting of the USCB was de -
vel oped as a re sult of two orogenic cy cles: the Variscan and the
Al pine. Dur ing the Variscan orog eny, two zones of dif fer ent tec -
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Fig. 1. Coal-re lated gas ac cu mu la tions (af ter Hadro et al., 2024)
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facies

Fig. 2. Lo ca tions of the USCB and the other Variscan coal bas ins on a map of the Car bon if er ous fa cies dis tri bu tion in Po land
(af ter Kotas and Porzycki, 1984; mod i fied Jureczka and Nowak, 2016)

 LCB – Lublin Coal Ba sin, LL – Lednice line, LSB – Lower Silesian Ba sin, LVCB – Lviv-Volyn Coal Ba sin, 
PCL – Peri-Carpathian lin ea ment, SUKL – Kraków-Lubliniec fault zone, USCB – Up per Silesian Coal Ba sin



tonic char ac ter were formed in the USCB: a fold tec tonic zone
and a fault tec tonic zone (Kotas, 1972, 1985, 1995; Jureczka
and Kotas, 1995).

The pres ent-day dis tri bu tion of coalbed meth ane con tent
has de vel oped as an in ter play of geo log i cal, struc tural and
hydrogeological fac tors, as well as of the com plex ther mal and
ero sional his tory of the USCB. Two pat terns of meth ane con -
tent dis tri bu tion in ver ti cal sec tion have been iden ti fied. They
dif fer in their geo log i cal his tory and, due to their oc cur rence in
dif fer ent parts of the ba sin, they are re ferred to as the “north ern” 
and “south ern” mod els (Figs. 3 and 4; Kotas et al., 1994).

The “north ern” model of coalbed meth ane con tent dis tri bu -
tion is typ i cal of the Car bon if er ous coal-bear ing se quence with
a thin, per me able over bur den, which is outgassed to con sid er -
able depths of 500–800 m, and in some ar eas even <1000 m.
The Car bon if er ous li thol ogy is a key fac tor con trol ling the depth
of outgassing which is de fined as the con fig u ra tion of the top
sur face of gassy coal seams. The depth of coal outgassing
does not de pend on the Car bon if er ous stra tig ra phy; how ever,
in cer tain ar eas it is con sis tent with the po si tion of some
lithostratigraphic bound aries, e.g. the base of the Cra cow
Sand stone Se ries in the east ern part of the USCB. In the se -
quence of gassy coal seams, an in crease in gas con tent val ues
is usu ally ob served to a depth of 1100–1300 m (Fig. 4). Apart
from the ar eas lo cated west of the Orlova overthrust, lithostrati -
graphically, the high est gas con tent val ues oc cur in the Za³ê¿e
Beds (only in the low er most part), the Ruda Beds and the An ti -
cli nal Beds. In turn, the coal seams of the Libi¹¿ and £aziska
Beds are prac ti cally com pletely outgassed (Hadro and Jure -
czka, 2020a).

The “south ern” model is typ i cal of the south ern part of the
USCB, where the Car bon if er ous se quence is cov ered by im -
per me able Mio cene clay de pos its. The Mio cene seal was a
main cause of the for ma tion of the sec ond ary zone of gassy
coal seams at shal low depths, be low the Car bon if er ous ero -
sional top sur face. These coal seams were resaturated with

meth ane gen er ated by bac te ria or that had mi grated from
deeper gassy coal seams. Thus, the “south ern” model fea tures
a ver ti cal meth ane con tent dis tri bu tion with two max ima: the first 
one rep re sents a shal low, sec ond ary zone of gassy coal seams
(usu ally up to ~100–200 m be low the Car bon if er ous top sur -
face), the sec ond one sig ni fies a pri mary zone of gassy coal
seams oc cur ring at greater depths (Fig. 4). Sim i larly to the
“north ern” model, the depth to the top of the pri mary zone of
gassy coal seams is not de pend ent on Car bon if er ous litho -

4 Jerzy Hadro et al. / Geological Quarterly, 2025, 69, 23

Fig. 3. The USCB – a subcrop geo log i cal map of the Car bon if er ous lithostratigraphic
for ma tions at the Car bon if er ous top sur face (af ter Jureczka et al., 1995 – sim pli fied)

Fig. 4. Two pat terns of coalbed meth ane con tent dis tri bu tion
in ver ti cal sec tion, re ferred to as the north ern and south ern

mod els (af ter Kotas et al., 1994)



stratigraphy. The gas con tent val ues of the pri mary zone in -
crease with depth, reach ing a max i mum in the broad range of
1000–1400 m. There are de vi a tions from the south ern model
pat tern in cer tain ar eas where the pri mary and sec ond ary
zones of gassy coal seams are merged or the shal low gassy
coal zone is ab sent (Hadro and Jureczka, 2020a).

AMM OCCURRENCE, DEVELOPMENT 
AND RESOURCES IN THE USCB

The his tor i cal peak of coal pro duc tion in the USCB (al most
200 mil lion tonnes) came in the late 1970s and the early 1980s,
with around 70 op er at ing mines. Since that time the num ber of
op er at ing mines has grad u ally de creased. Cur rently, there are
27 ac tive mines and coal pro duc tion is <50 mil lion tonnes. Be -

tween 1980 and 2020 >40 mines have been closed, most in the
late 1990s and the early 2000s (Hadro et al., 2024).

AMM gas oc cur rence is ob vi ously re lated to those mines
which were gassy while ac tive. The geo graph ical dis tri bu tion of
aban doned coal mines, di vided into gassy and non-gassy
mines, is de picted in Fig ure 5. Geo graph i cally, all aban doned
coal mines in the USCB can be grouped into north ern and
south ern clus ters (Fig. 5). The north ern mines sub stan tially out -
num ber the south ern ones. Such a dis tri bu tion of coal mines is
largely con trolled by the geo log i cal and struc tural fea tures of the 
coal ba sin. Nearly half of the north ern mines were gassy while
ac tive, whereas all but one south ern mine were gassy. How -
ever, not all gassy mines con tain post-min ing meth ane gas in
such quan ti ties as to jus tify com mer cial gas pro duc tion. This sit -
u a tion is re flected in the his tor i cal AMM pro duc tion and the
com mer cial de vel op ment of AMM in the USCB.
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Fig. 5. Aban doned mines and op er at ing mines as well as con ces sion ar eas

for AMM pro duc tion in the USCB

Con ces sion or con ces sion ap pli ca tion ar eas as signed to par tic u lar coal fields are de noted by num bers
as fol lows: 1 – Œl¹sk, 2 – Krupiñski, 3 – Jankowice Wschód, 4 – ¯ory 1, 5 – Anna (Czy¿owice 

coal field), 6 – Wilchwy, 7 – Mszana, 8 – Jas-Mos, 9 – Moszczenica, 10 – Kaczyce
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So far, two meth ods of AMM re cov ery have been used in
the USCB. The first one uses the ex ist ing meth ane drain age
sys tem (downhole bore holes and pipe lines con nected to the
sur face drain age sta tion), while the sec ond tech nol ogy en tails
ap pli ca tion of sur face-to-gob wells.

AMM pro duc tion us ing ex ist ing meth ane drain age sys tems
is pri mar ily con ducted for safety con cerns. It com monly lasts
few years af ter a mine clo sure and is per formed by a mine op er -
a tor or a spe cial com pany ded i cated to mine clo sure – the Mine
Re struc tur ing Com pany (Pol ish ac ro nym – SRK). This type of
AMM pro duc tion was car ried out in the past (be fore 2010) by
the op er a tors of mines ad ja cent to those which were closed or
were in the pro cess of aban don ment. The avail able re cords
show that AMM pro duc tion us ing this tech nol ogy was con -
ducted in four aban doned mines, last ing a few years and start -
ing im me di ately af ter mine clo sure (Grzybek, 2017; £uka -
szczyk, 2019). Re cently, AMM de vel op ment with the use of this
same tech nol ogy has been car ried out by the SRK dur ing the
de com mis sion ing pro cess of the fol low ing gassy coal mines:
Jas-Mos, Krupiñski, Œl¹sk. The le gal ba sis for this type of AMM
re cov ery has been a con ces sion for the ex ploi ta tion of coal and
coalbed meth ane as an “ac com pa ny ing min eral”. Ad di tion ally,
the SRK is en ti tled to pro duce meth ane with out a con ces sion
while the pro cess of coal mine de com mis sion ing is tak ing place
(Hadro and Jureczka, 2020b). The sum mary sta tis tics of AMM
pro duc tion us ing an ex ist ing meth ane drain age sys tem is
shown in Ta ble 1.

AMM de vel op ment pro jects us ing sur face-to-gob wells
have been con ducted by small pri vate com pa nies in the USCB.
The pri mary goal of these pro jects is a long term uti li za tion of
AMM on a com mer cial scale. The le gal ba sis for this type of
AMM re cov ery has been a pro duc tion con ces sion for coalbed
meth ane as a “main min eral”. So far, this type of AMM pro duc -
tion has been car ried out in three aban doned mines: Morcinek,
¯ory and 1 Maja (Ta ble 2) with to tal an nual pro duc tion com -
monly be tween 1 and 5 mil lion m3. The his tor i cal data of AMM
pro duc tion us ing sur face-to-gob wells are shown in Fig ure 6.

See ing the num ber of gassy mines which have been closed
so far, it may come as a sur prise that only three of these mines
have had AMM de vel op ment pro jects. This has hap pened
mainly be cause coal mines in the USCB, with a very few ex cep -
tions, are ad ja cent to one an other (Fig. 5). There fore, when a
coal mine is closed, the gas re leased from coal seams in this
mine can be cap tured by the ven ti la tion and drain age sys tem of
an ad ja cent ac tive mine or mines. This way, the meth ane haz -
ard of the closed mine is re duced while its AMM gas is trans -
ferred, con trib ut ing to the CMM of an ad ja cent ac tive mine
(Hadro et al., 2024).

AMM has not been for mally dis tin guished as a sep a rate
type of gas ac cu mu la tion and be longs to the broad cat e gory of
CBM in the Pol ish ju ris dic tion. There fore, AMM re sources do
not ex ist in of fi cial sta tis tics and they are un dif fer en ti ated from
VCBM re sources which are pub lished in the Min er als Year book 
of Po land. The only way to track down AMM re sources is by re -
view ing the geo log i cal re ports of CBM fields which are man da -
tory for launch ing AMM de vel op ment pro jects with the use of
sur face-to-gob wells.

AMM re source eval u a tion pro ce dures should fol low Pol ish
reg u la tions con cern ing pe tro leum de posit eval u a tion with spe -
cial re quire ments for coalbed meth ane. Re source es ti ma tion
pro ce dures pre scribed in these reg u la tions are typ i cally in -
tended for VCBM with out tak ing into con sid er ation spe cific fea -
tures of AMM re sources. As a re sult, the es ti ma tion of AMM re -
sources uses the same stan dard vol u met ric method and the
same res er voir model as in the VCBM re source eval u a tion
(Hadro et al., 2024).

So far, six geo log i cal re ports of coalbed meth ane de pos its,
cov er ing four aban doned min ing ar eas, have been sub mit ted
with a view to launch ing AMM pro jects. The eval u a tion of AMM
ac cu mu la tions de scribed in all these re ports used the as sump -
tion that the ex tent of AMM res er voir rocks reaches far be yond
the min ing dis turbed zone as if it was a VCBM res er voir (Hadro
et al., 2024). At the same time, the re serves es ti mates given in
these re ports are based on a gas pro duc tion fore cast de rived
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T a  b l e  1

AMM pro duc tion us ing an ex ist ing meth ane drain age sys tem in the USCB

Closed mine name Year of mine 
clo sure

AMM pro duced by an 
ad ja cent mine or SRK

Pe riod of AMM
pro duc tion

Cu mu la tive AMM
 pro duc tion mil lion m3

1 Maja 2001 Mar cel 2001–2006 14.4

Anna 
(Czy¿owice coal field) 1987 Anna 1987–1992 9.0

¯ory 1996 Jankowice and Borynia 1997–2009 26.8

Moszczenica 2000 Jas-Mos 2000–2004 16.2

Jas-Mos 2019 SRK 2019–2023 44.0

Krupiñski 2017 SRK 2017–2022 73.4

Œl¹sk 2017 SRK 2017–2019 1.7

T a  b l e  2

AMM pro duc tion us ing sur face-to-gob wells in the USCB

Closed mine 
name

Year of mine
clo sure Coal field name Pe riod of AMM

pro duc tion
Cu mu la tive pro duc tion

mil lion m3

Morcinek 1998 Kaczyce I 2004–2023 22.4

¯ory 1996 ¯ory-1 + Jankowice Wschód 2012-on go ing 43.7

1 Maja 2001 Wilchwy 2023-on go ing 4.1
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from pro duc tion test re sults. AMM re sources and re serves re -
ported by AMM con ces sion op er a tors or con ces sion ap pli cants
are given in Ta ble 3.

The mo lec u lar com po si tion of gas from post-min ing goafs
(post-min ing voids, of ten col lapse-de bris-filled) is highly vari -
able and de pends on many fac tors. At the end of min ing, goaf
gas, be ing  a mix ture of meth ane with ven ti la tion air, con tains
com monly 40–60% meth ane (e.g., the ¯ory mine). Sub se -
quently, af ter the mine ven ti la tion is stopped, the meth ane con -
tent of goaf gas grad u ally in creases de pend ing on the lo cal res -
er voir con di tions (e.g., the de gree of the goafs’ iso la tion from
op er at ing min ing ar eas). In the case of the ̄ ory mine, due to the 
prox im ity of the op er at ing mines (Borynia and Jankowice), the
meth ane con tent in the goafs was in the range of 80–90% dur -
ing the gas flow test con ducted 13 years af ter the mine clo sure.
The gas pro duced from the ¯ory mine is used for gen er at ing
heat and elec tric ity. Whereas, in the case of the Morcinek mine, 

which is an iso lated mine, the goaf gas started to be pro duced
within 6 years af ter the mine clo sure and con tains 90–95%
meth ane. Since it was high-meth ane gas, with gas com po si tion
re main ing very sta ble for a long time (al most 20 years), it could
have been ca pa ble of be ing trans ferred to the gas grid.

AMM RESOURCES 
AND RESERVES ASSESSMENT

To as sess the AMM po ten tial of the USCB, the Up per
Silesian Branch of PGI-NRI was com mis sioned by the Pol ish
gov ern ment to con duct a re search pro ject en ti tled “As sess ment 
of re source po ten tial and fea si bil ity of gas pro duc tion from coal
seams in the aban doned hard coal min ing ar eas”. Af ter the
multi-stage as sess ment of nearly 50 aban doned coal min ing ar -
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Fig. 6. AMM gas pro duced an nu ally in the USCB from 2004 – colours rep re sent AMM
pro duc tion con ces sions op er ated by pri vate in ves tors

T a  b l e  3

AMM re cov er able re sources and re serves re ported in the USCB

Closed mine 
name

Year of mine
clo sure Coal field name

Es ti mated re sources/re serves*
[mil lion m3]

Re cov er able 
re sources Re serves

Morcinek 1998 Kaczyce I 34.0 –

¯ory 1996
¯ory-1 

+ Jankowice Wschód
120.5 73.7

1 Maja 2001
Wilchwy 53.9 48.2

Mszana 57.4 53.0

Anna 2012 Anna 139.2 40.9**

* – ac cord ing to the Min er als Year book of Po land as of 31 De cem ber 2023 (Szuflicki et al.,
2024); ** – ac cord ing to the Geo log i cal and In vest ment Re port of meth ane oc cur ring in the 
Anna hard coal de posit as of 31 De cem ber 2020 



eas, 11 of them were ini tially se lected, while only 7 aban doned
min ing ar eas were con sid ered pro spec tive for a com mer cial
AMM de vel op ment in the USCB (Fig. 7).

In the first phase of the pro ject, an at tempt to es ti mate AMM
re cov er able re sources us ing a stan dard vol u met ric method
failed be cause the AMM res er voir bound aries can not be un am -
big u ously de fined due to the pres ence of ad di tional geo log i cal
and struc tural fac tors. There fore, the es ti ma tion of re sources
us ing a vol u met ric method was dis con tin ued, and a new ap -
proach was pro posed us ing a dy namic method, which gives ap -
prox i mate, but much more re li able re sults in the geo log i cal and
min ing con di tions of the USCB (Hadro et al., 2024).

This new meth od ol ogy of AMM re source es ti ma tion, which
draws from the ex pe ri ence in fore cast ing meth ane emis sions
from closed mines in the United States, en tails a to tal post-min -
ing meth ane emis sion prog no sis based on a hy per bolic de cline
curve against time (Coté et al., 2004; Frank lin et al., 2004). The
to tal meth ane emis sion at the end of coal min ing is as sumed as
the start ing point of a de cline curve, and then the curve fit is cal i -
brated us ing mea sured post-min ing meth ane emis sion data.
As sum ing the life span of a fu ture AMM pro duc tion pro ject
(30 years), the ini tial re serves of the AMM are es ti mated (Hadro 
et al., 2024).

The new meth od ol ogy for AMM re source es ti ma tion was
used for the first time in the AMM as sess ment of the Krupiñski
closed mine, con sid ered as a case study. The de cline curve fit
was ap plied for the 5-years post-min ing emis sion rates from the 
start ing point at the end of min ing (Fig. 8). As a re sult, the to tal

meth ane emis sion for the pe riod of 30 years was es ti mated at
249 mil lion m3 (Hadro et al., 2024). How ever, the mine was
planned to be flooded, so the post-min ing emis sion pre dic tion
had to be ad justed for flood ing, and this is con sid ered as the fi -
nal es ti mate of the ini tial AMM re serves, amount ing to 139 mil -
lion m3. Tak ing into ac count the ac tual post-min ing emis sion of
meth ane by the year 2021 (79 mil lion m3), the re main ing AMM
re serves amount to 60 mil lion m3 (Fig. 8; Hadro et al., 2024).

The com plete as sess ment of the Krupiñski closed mine
also in cluded es ti ma tion of the ini tial coal-re lated gas vol ume
(CMM and AMM com bined) within the anthropogenic res er voir
and the his tor i cal meth ane emis sions de vel oped with time. The
to tal meth ane gas ac tu ally re leased while coal min ing, which is
re ferred to as CMM, was es ti mated at 1.9 bil lion m3 (Fig. 9;
Hadro et al., 2024).

Only ~1/3 of the CMM gas was cap tured and used, while the 
re main ing gas vol ume was vented into the at mo sphere. Af ter
coal min ing was ter mi nated, meth ane emis sion con tin ued and
was mea sured for 5 years dur ing the pro cess of mine clo sure.
These data were used to pre dict the post-min ing meth ane
emis sion us ing a de cline curve fit, and thus es ti mat ing the ini tial
AMM re serves, while the re main ing AMM re serves con tin u -
ously change with time de pend ing on the date from which the
AMM pro duc tion is planned to com mence (Hadro et al., 2024).

As a re sult of multi-stage study of all gassy aban doned
mines in the USCB, the newly de vel oped meth od ol ogy was
used to es ti mate meth ane re serves for the seven aban doned
min ing ar eas con sid ered pro spec tive for AMM de vel op ment.
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Fig. 7. Lo ca tion of aban doned min ing ar eas which are pro spec tive for AMM de vel op ment
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Fig. 8. Post-min ing meth ane emis sion pre dic tion 

for the Krupiñski mine case study (Hadro et al., 2024)

Fig. 9. Meth ane emis sions dur ing min ing and post-min ing emis sion pre dic tion show ing the to tal 
coal-re lated gas emis sion (CMM + AMM) from the anthropogenic gas res er voir

of the Krupiñski mine (Hadro et al., 2024)
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The to tal ini tial AMM re serves of all the pro spec tive ar eas
amounted to 833 mil lion m3, of which 604 mil lion m3 had al ready 
been re leased prior to the date of es ti ma tion (31 De cem ber,
2020) in di cat ing the to tal de pleted AMM re serves (Table 4).
The re main ing AMM re serves of 229 mil lion m3 in di cate fu ture
meth ane emis sions avail able for cap ture and use from 2021
on wards (Table 4). Ac cord ing to avail able re cords, only 170 mil -
lion m3 of the past meth ane emis sions were cap tured and used, 
while 426 mil lion m3 (i.e. 70%) of the AMM gas was not cap -
tured in a con trolled man ner, but mi grated to the ven ti la tion and
meth ane drain age sys tems of the ad ja cent ac tive mines and/or
dis persed in the rock mass. This can be con sid ered as the lost
AMM gas po ten tial which could have been cap tured and used
(Hadro et al., 2024).

DISCUSSION

The de tailed eval u a tion of these pro spec tive aban doned
coal fields, along with AMM re source es ti mates, al lows us to dis -
tin guish and as sess fac tors that fa vour the pos si bil ity of AMM
com mer cial de vel op ment in the USCB. Four groups of fac tors
were con sid ered the most im por tant with re gard to the ef fec tive
re cov ery and uti li za tion of AMM:

– geo log i cal and tec tonic con di tions,
– min ing and tech ni cal con di tions,
– AMM pro jects eval u a tion and re sources/re serves es ti ma -

tion,
– reg u la tory is sues.

GEOLOGICAL AND STRUCTURAL CONDITIONS

Meth ane emis sions in gassy coal mines are pri mar ily con -
trolled by the per me abil ity of the coal seams and sur round ing
rocks. The pres ence of low-per me abil ity coal seams and the
pre dom i nance of mudstone-claystone lithologies in the sur -
round ing strata in di cate that el e vated per me abil ity zones are
usu ally well-cor re lated with coal min ing ar eas of in creased
meth ane emis sions, thus in di cat ing min ing ar eas po ten tially
pro spec tive for AMM de vel op ment in the USCB.

Un der stand ing of the geo log i cal and struc tural con di tions,
as well as the coal-re lated meth ane dis tri bu tion in the USCB,
along with the data anal y sis con cern ing meth ane emis sions in
gassy mines, en ables us to dis tin guish two ma jor fac tors re -
spon si ble for the for ma tion of the zones of in creased per me abil -
ity which are pro spec tive for AMM de vel op ment. The first of
these fac tors is the pres ence of a sec ond ary zone of gassy coal
seams, oc cur ring at shal low depths be low the im per me able
Mio cene over bur den (Kotas et al., 1994; Hadro and Jureczka,
2020a). Ow ing to its shal low depth (200–400 m), this zone has
rel a tively high per me abil ity com pared to the per me abil ity of the
pri mary zone of gassy coal seams oc cur ring at much greater
depths (600–1200 m). More over, if the aban doned mine is
flooded, the shal low gassy coal seams of the sec ond ary meth -
ane ac cu mu la tion zone re main above the level of ris ing wa ter
for a long time af ter the end of coal min ing, which means that
gas desorption from these coal seams con tin ues, con trib ut ing
to po ten tial AMM pro duc tion.

Con sid er ing the above, the best con di tions for in creased
meth ane emis sions from coal mines oc cur in the south west ern
part of the USCB, where the “south ern” model dom i nates in the
ver ti cal pro file of meth ane con tent (Hadro and Jureczka,
2020a). In mines lo cated in this part of the ba sin, this is re flected 
in the dis tri bu tion of meth ane emis sion rates dur ing the pe riod
of coal min ing. The high est meth ane emis sions oc cur in the ini -
tial phase of coal min ing, and then slowly de crease (as in the
cases of the 1 Maja and Moszczenica mines – Fig. 10, part A).
The de crease in post-min ing emis sion rates is also rel a tively
slow for the mines lo cated in the south ern part of the ba sin.

By con trast, the dis tri bu tion of meth ane emis sions over time 
is en tirely dif fer ent for mines with a dom i nant “north ern” meth -
ane con tent model, due to the pres ence of a deep in ter val of
outgassed coal seams (Hadro and Jureczka, 2020a). Meth ane
emis sion is low or non-ex is tent at the early stages of coal min -
ing, and rap idly in creases at a later stage when min ing is deep
enough to reach gassy coal seams. Typ i cally, there is a rel a -
tively rapid de crease in post-min ing meth ane emis sions due to
the very low per me abil ity of deep gassy coal seams, which is
com bined with flood ing of the deep est min ing lev els (as in the
case of the Œl¹sk mine – Fig. 10B). It is also pos si ble to find an
in ter me di ate case when the sec ond ary zone of shal low gassy
coal seams oc curs only in part of the min ing area, and thus
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T a  b l e  4

AMM re serves for the pro spec tive aban doned min ing ar eas of the USCB es ti mated us ing the new meth od ol ogy
(mod i fied af ter Hadro et al., 2024)

Mine (coal de posit)
Min ing pe riod To tal CMM 

re leased
Ini tial AMM
re serves 

To tal AMM re leased
by 2020 

Re main ing AMM
re serves

from–to MMm3

Krupiñski 1983–2017 1870 139.2 79.4 59.8

Œl¹sk 

(+Œl¹sk Pole Panewnickie)
1974–2017   488   19.1   5.1 14.0

Anna 

(Anna+Anna 1)
1955–2012   422   44.6 21.6 23.0

1 Maja 

(Mar cel-Ruch 1 Maja)
1960–2000 2676 198.1 153.3 44.8

Moszczenica 1964–2000 3159 286.4 221.6 64.8

Morcinek (Kaczyce I) 1987–1998   195   76.3   62.7 13.6

¯ory 1980–1996   259   68.8   58.9  9.0

To tal 9070 832.5 603.5 229.0
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meth ane emis sion rates are more vari able dur ing the pe riod of
coal min ing (for ex am ple, the Krupiñski mine – Fig. 9).

A sec ond fac tor clearly in di cat ing an el e vated AMM po ten -
tial is the pres ence of faults, caus ing the for ma tion of ad di tional
gas mi gra tion path ways in coal-bear ing strata dis turbed by min -
ing. When a coal seam is mined, its over ly ing and un der ly ing
strata are re laxed, lead ing to the for ma tion of a frac ture net work 
(a zone of re lax ation) the ex tent of which can be en hanced by
the oc cur rence of abun dant tec tonic de for ma tion struc tures in
the vi cin ity of min ing ar eas. Thus, the zone of in creased per me -
abil ity that is thus formed has a much larger ex tent than the
zone of re lax ation which is the o ret i cally es ti mated as a re sult of
the meth ane emis sion prog no sis. This ef fect is fur ther mag ni -
fied when the shal low, sec ond ary zone of gassy coal seams is
merged with the pri mary deeper gassy coal seams.

The best ex am ple of the for ma tion of an ex ten sive meth ane
drain age zone, formed due to the ex is tence of a tec toni cally en -
hanced frac ture sys tem, is the Krupiñski closed mine, which
was sub jected to de tailed anal y sis in the PGI-NRI pro ject. In
this mine, 17 iso lated coal mine meth ane (CMM) res er voirs
were dis tin guished, for which the orig i nal meth ane re sources
(in the zone of re lax ation) were es ti mated and com pared with
the to tal vol ume of meth ane re leased as a re sult of coal min ing.
In the case of the vast ma jor ity of CMM res er voirs, the to tal vol -
ume of meth ane emis sions ex ceeded the orig i nal meth ane re -
sources es ti mated for the zone of re lax ation. These ex ces sive
emis sions were found to cor re late with the pres ence of ex ten -
sive fault ing (Fig. 11). The met ric of ex ces sive meth ane emis -
sion is the ra tio of the to tal vol ume of meth ane emis sion to the

orig i nal meth ane re sources in the zone of re lax ation. In the
south west ern part of this mine, where the den sity of the fault
net work is the high est, this ra tio mostly ranges from 3 to 4,
which is sig nif i cantly higher than in the cen tral-west ern and cen -
tral-east ern parts of the mine, where it drops to 2 and 0.7 re -
spec tively.

MINING AND OPERATIONAL ISSUES

The ef fec tive use of AMM re sources in the USCB, in ad di -
tion to geo log i cal fac tors, de pends on coal min ing con di tions in -
clud ing: min ing meth ods, un der ground meth ane drain age,
mine de com mis sion ing pro ce dures, as well as AMM cap ture
tech nol ogy. The is sue of AMM de vel op ment has not been sys -
tem at i cally re solved so far. His tor i cally, while plan ning the de -
com mis sion ing of a gassy coal mine, at ten tion was paid mainly
to meth ane haz ards, the elim i na tion of which was most of ten
pos si ble by trans fer ring post-min ing meth ane emis sions to an
ad ja cent ac tive mine ow ing to the ex is tence of hy drau lic con -
nec tions be tween both mines. On the one hand, the cap ture of
meth ane emis sions from closed mines by neigh bour ing ac tive
mines is ben e fi cial for safety rea sons be cause it is an easy way
of cap tur ing AMM dur ing the pe riod of high est emis sion rates.
On the other hand, this ap proach to AMM man age ment con trib -
utes to mask ing the prob lem of AMM det ri men tal ef fects and
un der mines in cen tives for po ten tial in ves tors in AMM de vel op -
ment pro jects.

Jerzy Hadro et al. / Geological Quarterly, 2025, 69, 23 11

Fig. 10. Ex am ples of meth ane emis sions dur ing coal min ing: 
A – the 1 Maja and Moszczenica mines and B – the Œl¹sk mine



In re cent years, meth ane re leased from post-min ing goafs
dur ing the pro cess of mine clo sure is usu ally cap tured by the
ex ist ing meth ane drain age sys tem op er ated by the SRK be -
cause the SRK be comes a mine op er a tor while a coal mine is
be ing de com mis sioned. Meth ane cap ture is then car ried out for 
safety rea sons, with out a con ces sion, un til the pro cess of mine
clo sure is ter mi nated. In any case, the meth ane re cov ery from
closed mines us ing the ex ist ing meth ane drain age sys tem, ei -
ther by an ac tive neigh bour ing mine or by SRK, has been con -
ducted for safety rea sons and is not an el e ment of planned ac -
tiv i ties aimed at the de vel op ment of AMM gas. 

Sur face-to-gob wells com prise the only AMM re cov ery
tech no l ogy which en sures the long-term cap ture and use of
meth ane. Us ing this tech nol ogy in Po land re quires a con ces -
sion for ex plo ra tion and pro duc tion of meth ane as a “main min -
eral”. Up to now, AMM has been pro duced us ing this tech nol -
ogy by pri vate in ves tors in the USCB. This type of AMM de vel -
op ment en tails ob tain ing a con ces sion, con firm ing the fea si bil -
ity of AMM re cov ery and start ing meth ane pro duc tion us ing sur -
face-to-gob wells. Re mark ably, there has been a con sid er able
time lag be tween the mine clo sure and the com mence ment of
AMM pro jects. In the case of these three AMM pro jects that
have been car ried out in the USCB, for the Morcinek, ¯ory and
1 Maja closed mines, AMM pro duc tion be gan 6, 16 and 22
years re spec tively af ter the ces sa tion of coal min ing (Table 2).

Con sid er ing the rapid de cline in AMM gas flow rates im me -
di ately af ter coal min ing is dis con tin ued, un cer tainty in the ex -
tent of a min ing dis turbed zone and gas mi gra tion path ways,
the ef fec tive AMM de vel op ment re quires tak ing spe cific mea -
sures dur ing min ing op er a tions, es pe cially dur ing the pro cess
of mine clo sure.

Plan ning for ra tio nal and ef fec tive AMM de vel op ment
should be done in ad vance, well be fore mine clo sure. While
min ing op er a tions are still on go ing, the most im por tant plan ning 
tasks in clude con tin u ous mon i tor ing of meth ane emis sions, de -
ter min ing the ex tent of the re lax ation zone and gas res er voirs,
as well as es ti mat ing po ten tial AMM re sources. Also, it is im por -
tant to as sess the fea si bil ity of us ing the ex ist ing un der ground

meth ane drain age sys tem for fu ture AMM re cov ery. It is ad vis -
able that the im ple men ta tion of the these AMM de vel op ment
plan ning ac tiv i ties should be some how forced by the pro vi sions
of the Geo log i cal and Min ing Law con cern ing min ing op er a tions 
and mine clos ing pro ce dures, as well as by geo log i cal eval u a -
tion and the re port ing sys tem. There fore, ap pro pri ate changes
in the reg u la tory re gime are rec om mended.

An ex tremely im por tant fac tor in flu enc ing the man age ment
and re sults of AMM de vel op ment is also whether mine dewa -
tering is con tin ued, which is usu ally the case in closed mines
ad ja cent to ac tive mines. If a gassy mine is flooded, there may
be a cer tain time mar gin al low ing for the pro duc tion of AMM be -
fore the post-min ing meth ane res er voir is filled with wa ter, hin -
der ing gas desorption from coal within the zone dis turbed by
min ing. This is of fun da men tal im por tance for as sess ing the
fea si bil ity of AMM pro jects.

AMM PROJECT EVALUATION 
AND RESERVES/RESOURCES ESTIMATION

The meth od ol ogy of eval u at ing and es ti mat ing AMM re -
sources is of par a mount im por tance in the pro cess of plan ning
AMM de vel op ment. The vol ume of es ti mated AMM re sources
and re serves is es sen tial for the eco nomic eval u a tion of AMM
de vel op ment pro jects, whereas the re li abil ity of AMM re serves
es ti mates and the ac cu racy of AMM pro duc tion fore casts af fect
the risk as sess ment of AMM de vel op ment pro jects (Creedy,
2019).

The de vel op ment of AMM gas re sources en tails ob tain ing a 
hy dro car bon con ces sion, i.e. a joint con ces sion for ex plo ra tion,
ap praisal and pro duc tion of coalbed meth ane. A pre con di tion
for ob tain ing such a con ces sion is to have the right to the geo -
log i cal and in vest ment re port of a hy dro car bon de posit, pre -
pared in ac cor dance with the ap pli ca ble le gal pro vi sions in
which re cov er able re sources and re serves are es ti mated.
When ap ply ing for a con ces sion, the in ves tor’s in ten tion is to
de velop AMM re sources. How ever, ac cord ing to the pro vi sions
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Fig. 11. Lo ca tion of ma jor faults iden ti fied in the closed Krupiñski coal mine, as well as coal mine meth ane 
res er voirs de fined by zones of re lax ation



of the Geo log i cal and Min ing Law (GML), AMM is at trib uted to
the cat e gory of a con ces sion for ex plo ra tion and pro duc tion of
VCBM in spite of the fact that an AMM ac cu mu la tion, formed as 
a re sult of min ing ac tiv i ties, is fun da men tally dif fer ent from nat u -
rally oc cur ring VCBM. This dif fer ence is es pe cially man i fested
in the tech nol ogy of gas re cov ery. AMM gas is pro duced us ing
sur face-to-gob wells op er ated un der vac uum, while VCBM is
usu ally re cov ered us ing sur face-to-in-seam hor i zon tal wells
with frac ture stim u la tion (e.g., hy drau lic frac tur ing) and con tin u -
ous dewatering. Fail ure to take this dif fer ence into ac count in
AMM eval u a tion re ports leads to an in ad e quate gas field de vel -
op ment model and to re source es ti ma tion er rors.

The as sess ment of the geo log i cal re ports ap proved to date, 
pre pared with the in ten tion of de vel op ing AMM gas ac cu mu la -
tions, re vealed a num ber of short com ings in the cur rent ap -
proach to eval u at ing and es ti mat ing AMM re sources, which are
sum ma rized be low:

• sig nif i cant over es ti ma tion of re cov er able re sources due to
in cor rect de ter mi na tion of the res er voir bound aries – no def i ni -
tion of the ex tent of an AMM res er voir, which is con sid ered to be 
equal with a VCBM res er voir;

• un re li able es ti mates of gas re sources due to av er ag ing
meth ane con tent val ues ob tained with the use of dif fer ent mea -
sure ment tech niques ap plied at dif fer ent stages of coal seam
de gas sing in duced by min ing;

• un re li able es ti mates of gas re serves due to re ly ing on pro -
duc tion fore casts with out tak ing into ac count the flow dy nam ics
of gas re main ing within the post-clo sure res er voir, and false as -
sump tions re lated to the over es ti ma tion of re cov er able re -
sources avail able for com mer cial pro duc tion.

Con sid er ing the above, ef fec tive AMM de vel op ment re -
quires mod i fi ca tion of the cur rent ap proach to eval u at ing and
es ti mat ing AMM re sources. The es ti ma tion of AMM re sources
is unique be cause it must take into ac count the con tin u ous
change of re main ing gas re sources over time, the dy nam ics of
which de pend mainly on the con fig u ra tion of the post-min ing
meth ane res er voir and the depth of the for ma tion wa ter ta ble,
as well as the per me abil ity of coal seams and sur round ing
rocks. The meth od ol ogy for es ti mat ing AMM re sources is
there fore com plex and should clearly dif fer from the over sim pli -
fied ap proach, de rived from VCBM, which has been used in Po -
land so far. New rules for the eval u a tion of AMM ac cu mu la tions
should be de vel oped, which will make this pro cess more re al is -
tic and al low for the cor rect es ti ma tion of AMM re cov er able re -
sources and re serves.

The de vel op ment of a new meth od ol ogy for es ti mat ing
AMM re sources should be based on the re sults of this PGI-NRI
pro ject, which dem on strated the dif fi cul ties in de ter min ing the
AMM res er voir model, es pe cially where there is ex ten sive
struc tural de for ma tion, and pro posed the use of dy namic meth -
ods for es ti mat ing AMM re serves that take into ac count the flow 
dy nam ics of the gas re main ing within the post-clo sure AMM
res er voir. The ap proaches to es ti mat ing AMM re sources in
other coun tries should also be con sid ered. Al though the meth -
od ol ogy for es ti mat ing AMM re sources has not been stan dard -
ized in in ter na tional prac tice due to the com plex ity of the is sue,
there are a num ber of pub li ca tions de scrib ing case stud ies of
es ti mat ing AMM re sources and re serves (Kershaw, 2005;
Krause and Pokryszka, 2013; Collings et al., 2014; Karacan
and Warwick, 2019; Creedy, 2019).

An other dis ad van tage of the cur rent ap proach to es ti mat ing 
AMM re sources is the fact that such es ti mates are ba si cally lim -
ited to the of fi cial geo log i cal re port of a gas de posit pre pared for
a con ces sion ap pli ca tion. As in di cated above, AMM re sources
should be es ti mated be fore mine de com mis sion ing pro ce dures 
be gin, re gard less of es ti mat ing meth ane re sources as an “ac -

com pa ny ing min eral”, which is usu ally part of the fi nal re source
as sess ment pre pared as soon as the min ing of a par tic u lar
coal field is ter mi nated. The es ti ma tion of AMM re cov er able re -
source should be based on a thor ough anal y sis of meth ane
emis sions dur ing coal min ing and a re li able de ter mi na tion of the 
ex tent of post-min ing gas res er voirs. Ad di tion ally, the AMM re -
source es ti ma tion should in clude pre lim i nary gas pro duc tion
pre dic tions (i.e. pre lim i nary re serves) made on the ba sis of pos -
si ble vari ants con sid ered for the AMM field de vel op ment.

REGULATORY ISSUES

Al though meth ane uti li za tion pro vides mul ti ple eco nomic
and en vi ron men tal ben e fits, AMM pro jects of ten face sev eral
im ple men ta tion chal lenges. The reg u la tory re gime gov ern ing
AMM pro duc tion and uti li za tion can play an im por tant role in
over com ing tech ni cal and mar ket bar ri ers. It can also be use ful
in de vel op ing in cen tives or tax pol i cies to pro mote AMM uti li za -
tion.

In Po land AMM eval u a tion pro ce dures have to be per -
formed in com pli ance with the GML which di vides coal-re lated
gas ac cu mu la tions into two ba sic types. The first type is a meth -
ane gas ac cu mu la tion clas si fied as a “main min eral”, which is
ap pli ca ble to vir gin coalbed meth ane (VCBM) and fol lows a pe -
tro leum re source reg u la tory re gime. The sec ond type is a meth -
ane gas ac cu mu la tion clas si fied as an “ac com pa ny ing min eral”, 
which is ap pli ca ble to coal mine meth ane (CMM) and fol lows a
coal re source reg u la tory re gime. Al though AMM is an
anthropogenic gas ac cu mu la tion, which emerged from CMM, it
has been of fi cially clas si fied to the first type of meth ane gas ac -
cu mu la tion and is treated on the same grounds as VCBM, with
far-reach ing con se quences. Thus, the most im por tant re per -
cus sion is a le gal ob li ga tion to eval u ate AMM re sources as per
the reg u la tion con cern ing re port ing of pe tro leum de pos its,
which en tails two ma jor con se quences. Firstly, re source es ti -
ma tion pro ce dures pre scribed by this reg u la tion are typ i cally in -
tended for VCBM re sources and do not take into con sid er ation
spe cific fea tures of AMM, lead ing to se ri ous es ti ma tion er rors
as de scribed above. Sec ondly, con ces sion ac tiv i ties con ducted 
un der the pe tro leum re source reg u la tory re gime are  costly and
time-con sum ing, which is dis cour ag ing to pri vate in ves tors and
causes sub stan tial de lays in AMM de vel op ment (Hadro and
Jureczka, 2020b).

In view of the above, the pro vi sions of the GML should be
mod i fied to al low for ap pro pri ate changes in the meth ods of
AMM re sources eval u a tion. Since an AMM gas ac cu mu la tion is 
of anthropogenic or i gin, the source rock of which is coal, AMM
should be dif fer en ti ated from both VCBM and con ven tional gas. 
On this ba sis, a con ces sion for ex plo ra tion and pro duc tion of
AMM ac cu mu la tions should be ex cluded from pe tro leum type
ju ris dic tion, and then the con ces sion pro ce dures should be sim -
pli fied and stream lined. This pur pose should be served by uni fy -
ing the ter mi nol ogy used in the eval u a tion pro cess of coal-re -
lated gas re sources in such a way as to draw a clear dis tinc tion
be tween AMM and CMM or VCBM.

New cir cum stances that start to play a sig nif i cant role and
may have a con sid er able im pact on AMM de vel op ment ap -
peared to gether with the Reg u la tion of the Eu ro pean Par lia -
ment and of the Coun cil on meth ane emis sions re duc tion in the
en ergy sec tor (EU 2024/1787), which came into force on Au -
gust 4, 2024 [Reg u la tion (EU) 2024/1787]. The meth ane emis -
sions re duc tion pro vi sions for un der ground coal mines cov ers
all op er at ing mines as well as closed and aban doned mines.
The reg u la tion also pro vides for a strict pack age of sanc tions in
the event of non-com pli ance with its pro vi sions. With re gard to
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meth ane emis sions from closed and aban doned un der ground
mines, the most im por tant re quire ments of the Reg u la tion (EU)
2024/1787 are as fol lows:

• within 1 year – set ting up an in ven tory of all closed and
aban doned coal mines where op er a tions have ceased within
the last 70 years; the in ven tory shall con tain, among other in for -
ma tion, the re sults of meth ane con cen tra tion mea sure ments at
all emis sion sources;

• within 21 months – in stal la tion of mea sur ing equip ment on
all iden ti fied emis sion sources ex ceed ing 0.5 tonnes of meth -
ane per year;

• within 3 years – de vel op ment and im ple men ta tion of a mit i -
ga tion plan to ad dress meth ane emis sions from closed and
aban doned coal mines, which is sub mit ted to the com pe tent
au thor i ties; 

• af ter 1 Jan u ary 2030 – pro hi bi tion on meth ane emis sions
to the at mo sphere and flar ing of meth ane from closed and
aban doned coal mines (with cer tain der o ga tions).

Al though the new EU reg u la tion is con sid ered bur den some
and a chal lenge for the Pol ish gov ern ment, it is over all ben e fi -
cial to AMM de vel op ment in the USCB. All these re quire ments
con cern ing emis sion re duc tion in closed and aban doned mines 
will put a con sid er able pres sure on the gov ern ment to re duce
meth ane emis sion in closed mines. AMM de vel op ment is one
of the most ob vi ous ways to achieve this ob jec tive. There fore,
the gov ern ment should in tro duce the nec es sary le gal changes
in or der to sim plify the pro cess of grant ing con ces sions for
AMM de vel op ment and to im prove AMM re source/re serves
eval u a tion pro ce dures as dis cussed ear lier. Also, in set ting
strin gent re quire ments con cern ing meth ane emis sion mon i tor -
ing, the new EU reg u la tion may be use ful in iden ti fy ing ar eas of
closed and aban doned mines with a high po ten tial for AMM de -
vel op ment.

CONCLUSIONS

The Up per Silesian Branch of PGI-NRI con ducted a com -
pre hen sive re search pro ject to eval u ate AMM re sources in the
USCB. A newly de vel oped meth od ol ogy was used to es ti mate
the ini tial and re main ing AMM re serves of seven aban doned
coal mines con sid ered pro spec tive for AMM de vel op ment. The
AMM re serves es ti ma tion re sults in di cated that the re cov ery
and uti li za tion of AMM is poorly de vel oped in the USCB. Only
three com mer cial AMM de vel op ment pro jects have been im ple -
mented so far, with a sig nif i cant time lag (from 6 to 22 years) in
start ing the pro ject af ter the end of coal min ing.

Based on the PGI-NRI pro ject find ings, the most im por tant
fac tors con trib ut ing to the ef fec tive de vel op ment of AMM in the
USCB, iden ti fied and dis cussed in this pa per, are as fol lows: 

1. Geo log i cal and struc tural con di tions are re lated to two
ma jor fac tors. The first one is the pres ence of a shal low zone of
gassy coal seams resaturated with meth ane, oc cur ring in the
south west ern part of the USCB. The sec ond fac tor is the pres -
ence of nu mer ous tec tonic fea tures (mainly faults) that prop a -
gate ex ten sive net works of min ing-in duced frac tures, form ing
an in creas ingly large AMM res er voir with mul ti ple gas mi gra tion
path ways.

2. Min ing and tech ni cal con di tions in clude plan ning AMM
re cov ery well in ad vance, while the mine is still in op er a tion and
dur ing the pro cess of mine clo sure. The most im por tant ac tiv i -
ties in this area in clude mon i tor ing meth ane emis sions from
longwalls, de ter min ing the ex tent of the AMM gas res er voir, es -
ti mat ing AMM re sources and pos si bly adapt ing the ex ist ing un -
der ground meth ane drain age sys tem to the con di tions of fu ture
AMM pro jects.

3. AMM pro ject eval u a tion and re serves/re sources es ti ma -
tion is im por tant for as sess ing the fea si bil ity of AMM de vel op -
ment. Es ti mat ing re cov er able re sources is dif fi cult due to the
un cer tainty in de ter min ing the bound aries of AMM res er voir
rocks. Nev er the less, ini tial AMM re serves can be ap prox i mately 
es ti mated us ing a post-min ing emis sion de cline curve, as sum -
ing a 30-year pe riod of AMM pro duc tion. The de cline curve can
be con tin u ously cal i brated with the amount of ac tual meth ane
emis sions or pro duc tion. Given the com plex ity of AMM re -
source es ti mates, spe cial at ten tion should be paid to the de vel -
op ment of an ap pro pri ate es ti ma tion meth od ol ogy.

4. Reg u la tory is sues en tail mod i fy ing ex ist ing le gal pro vi -
sions that hin der the de vel op ment of AMM re sources. Rec om -
mended changes in clude sep a rat ing AMM from VCBM and ex -
empt ing AMM from pe tro leum ju ris dic tion, along with sim pli fy ing 
li cens ing pro ce dures, as well as mod i fy ing pro vi sions on the
eval u a tion and es ti ma tion of AMM re sources. An im por tant fac -
tor of leg is la tive na ture is the re cently in tro duced EU Reg u la tion 
on the re duc tion of meth ane emis sions in the en ergy sec tor,
which en tails mon i tor ing and mit i gat ing meth ane emis sions
from closed and aban doned mines. The de vel op ment of AMM
re sources is one of the most ob vi ous ways to re duce meth ane
emis sions from closed and aban doned mines. The in tro duc tion
of the EU Reg u la tion re quire ments should pro vide sup port for
AMM pro jects through the syn ergy ef fect, and will also ex ert ad -
di tional pres sure to quickly and ef fec tively im ple ment all pre vi -
ously rec om mended changes pos tu lated in this ar ti cle.

The first group of these fac tors re fers to the un der stand ing
of the ba sin ge ol ogy and struc tural set ting, which is based on
the pleth ora of geo log i cal data ac quired dur ing the long pro cess 
of coal ex plo ra tion and min ing in the USCB. The re main ing
three groups of fac tors are re lated to break ing down ex ist ing
bar ri ers that have com mon roots in the le gal and ad min is tra tive
sys tem, change in which is cru cial to the ef fec tive and ra tio nal
man age ment of AMM re sources in the USCB.
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