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The re ac ti va tion of un ex ploited coal de pos its is com pli cated and ex pen sive. Prof its in the event of suc cess of such a task in
liq ui dated mines would prob a bly only slightly ex ceed in curred out lays. Nev er the less, when mar ket con di tions change, a re -
turn to un ex ploited re sources should be con sid ered. As sess ment of the pos si bil ity of us ing un ex ploited hard coal re sources
in liq ui dated mines has not yet been sci en tif i cally stud ied, with avail able lit er a ture be ing con cerned only with some gen eral
is sues of this field. We pro pose a sim ple method that informs on the pos si bil ity of de vel op ing un ex ploited hard coal re sources 
as a tool to sup port de ci sion-mak ing pro cesses. The in for ma tion ob tained can be used as a ref er ence point for de tailed anal -
y sis and multi-cri te ria eval u a tion of po ten tially re sources that are ready to use. This method is ded i cated to mines that are liq -
ui dated. How ever, af ter some mod i fi ca tions, the method might also be used by more widely. Given cur rent po lit i cal and
eco nomic cir cum stances, no at tempt is be ing made to re ac ti vate coal re serves that are left be hind. How ever, it can not be
ruled out that, in the face of a po ten tial en ergy cri sis, changes to the po lit i cal con sen sus and cli mate pro tec tion agree ments
may be con sid ered. In both Eu rope and Asia, some mines were liq ui dated ac cord ing to pro ce dures that did not cut off the
pos si bil ity of a re turn to min ing – the shafts and part of the in fra struc ture were pro tected. 

Key words: liq ui da tion of a mine, unex ploited de pos its, de ci sion-mak ing, de vel op ment, re struc tur ing of min ing en ter prises. 

INTRODUCTION

Im proved ef fec tive ness of min ing com pa nies has been
sought in the putt ing a mine or its in ef fec tive parts into liq ui da -
tion (Bluszcz and Manowska, 2021; Bluszcz and Smoli³o,
2021). In mines that are con sid ered per ma nently un prof it able
(Prusek and Turek, 2018; Chmiela and Smoli³o, 2023) and con -
se quently liq ui dated, only where there has been com plete ex -
haus tion of re sources are no un used parts of the de posit left
(Smith and Under wood, 2000; Smoli³o et al., 2021). Cur rently,
chang ing mar ket con di tions made it rea son able to con sider the
pos si bil ity of re turn ing to un ex ploited re sources in the event of
coal short ages on the Eu ro pean Un ion mar ket (Li, 2012;
Dragan and Zdyrko, 2023; Mhlongo, 2023). Means of as sess -
ing the pros pects for the de vel op ment of un ex ploited coal re -
sources in hard coal mines that have been put into liq ui da tion
have not yet been sub ject to com pre hen sive sci en tific re search

(Nieæ and Radwanek-B¹k, 2014; Mhlongo and Amponsah-
 Dacosta, 2016; Noor Salim and Prasetia, 2022). Is sues con sid -
ered to date con cern only some gen eral is sues re lated to prob -
lems of re turn to un ex ploited hard coal de pos its (Turek and
Lubosik, 2008; Ró¿añski, 2018; Shavarskyi et al., 2022). Im por -
tant de ter mi nants (Kopacz, 2014; Bia³y, 2015; Bia³y and Cy -
mler, 2015) that shape the con di tions for im ple men ta tion of
min ing re ac ti va tion in Pol ish mines are (Turek, 2013; Kozio³ and 
Kozio³, 2019): 

– oc cur rence of nu mer ous of ten as so ci ated nat u ral haz ards,  
– age of the mines, 
– multi-deck op er a tion, 
– depth ex ploi ta tion, 
– ur ban iza tion and rich in fra struc ture at the min ing area sur -

face.
In ad di tion to these fac tors, the fol low ing must be taken into

ac count at the be gin ning of the de ci sion-mak ing pro cess:
– com plete flood ing of mines (as in Lower Silesian Coal Ba -

sin, Po land),
– non-eco nomic fac tors: ad min is tra tive, so cio log i cal, en vi ron -

men tal, etc.
We pres ent a method for as sess ing the pos si bil ity of re ac ti -

vat ing un ex ploited coal seams. The method takes into ac count
Pol ish ex pe ri ence as re gards geo log i cal, tech ni cal and eco -
nomic con di tions. The de sign of the method al lows mod i fi ca tion
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of the fac tors ana lysed. Ow ing to flex i bil ity of the method, it may
be ap plied in any geo log i cal-min ing and eco nomic en vi ron -
ment, not lim ited to Po land. 

MATERIAL AND METHODS

SCOPE AND AIM OF WORK

There is no cur rent method of sup port ing de ci sion-mak ing
as re gards the ef fec tive plan ning and im ple men ta tion of pro -
cesses of as sess ing the po ten tial use of hard coal re sources in
liq ui dated mines. The de vel op ment of such a method would
make it pos si ble to in crease the avail able re source base, which
is a mat ter of con sid er able sig nif i cance in the light of chang ing
po lit i cal, eco nomic and tech ni cal con di tions.

SRK S.A. (Mine Re struc tur ing Com pany, Po land) pur su ant
to the Act of 7th Sep tem ber 2007 of the func tion ing of hard coal
min ing (Riesgo Fernández et al., 2020; Chmiela et al., 2022),
took over, to gether with the liq ui dated mines (Bluszcz and
Smoli³o, 2021; Kaczmarek, 2022; Krzemieñ et al., 2023), part of 
the coal re sources of which the ex ploi ta tion was con sid ered
eco nom i cally un jus ti fied (Bluszcz and Manowska, 2021; Krze -
mieñ et al., 2022). Such re sources were most of ten doc u -
mented as pil lars that were cre ated for the pro tec tion of sur face
ob jects (Bia³y et al., 2020; Gajdzik et al., 2022; Yousuf et al.,
2023), in clud ing those re lated to the func tion ing of the min ing
plant (Kude³ko et al., 2014; Nieæ and M³ynarczyk, 2014; Kacz -
marek et al., 2022).

Ac cord ing to the cur rent sit u a tion re lated to Rus sia’s ag -
gres sion against Ukraine, it may be rea son able to con sider the
ad vis abil ity of their ex ploi ta tion to main tain the en ergy se cu rity
of Po land and the Eu ro pean Un ion. In this case, the eco nomic
cal cu la tion of the costs of their ex trac tion would not have to be a 
de ci sive con di tion for re turn ing to min ing. In this re gard, it would 
be also nec es sary to amend the ap pli ca ble le gal reg u la tions re -
gard ing the swift ob tain ing of a li cense for the ex trac tion of hard
coal from the de pos its (Wodarski et al., 2017; Wysocka et al.,
2019; Samolej et al., 2023).

RESEARCH METHODS

The study was car ried out on the ba sis of data re fer ring to
com pleted and cur rently re al ized mine liq ui da tion pro cesses
and the anal y sis of left re sources. The ba sis was doc u men ta -
tion, pro grams and liq ui da tion plans in the pe riod from 2015 to
2023. The im ple men ta tion of the scope of work pro ceeded in

ac cor dance with Fig ure 1. and in volved the use of re search
meth ods de scribed in Ta ble 1.

Dur ing the re search, af ter the iden ti fi ca tion of the re search
prob lem, an anal y sis of the avail able lit er a ture was car ried out.
The col lected data al lowed de vel op ment of the fol low ing con -
clu sions, which were used to con struct the as sump tions of the
method, al low ing for the as sess ment of pos si ble de vel op ment
of re sources re main ing in the liq ui dated min ing ar eas.

Fol low ing this sur vey and in ter views, a pre lim i nary scope of
re quire ments of the method of as sess ing the re sources of liq ui -
dated mines was pre pared. Firstly, to de sign an ap pro pri ate re -
source as sess ment method, def i ni tion of the cri te ria with their
val o ri za tion had to be taken into ac count. For this pur pose, an
anal y sis of on-board maps was car ried out in or der to se lect pa -
ram e ters for the anal y sis of the de pos its (Chmiela, 2023;
Chmiela and Smoli³o, 2023). The study com pared the pre vi -
ously used de posit as sess ment meth ods, which were based on
the anal y sis of avail able doc u men ta tion, and sta tis ti cal and
pub lished stud ies (Dinanty, 2022). More over, case stud ies, in -
ter views and ques tion naires were also used to se lect the
method to de ter mine the as sess ment cri te ria for the de pos its
ana lysed (Fig. 2). At the be gin ning, af ter a se ries of dis cus sions, 
we re lied on the opin ions of most of the en gi neer ing and tech ni -
cal em ploy ees of the Com pany’s (SRK) Branches. Then we
asked them to fill in ques tion naires, which were com pleted by
157 re spon dents (out of ~2,400 to tal SRK em ploy ees). Sub se -
quent sur veys were al ready con ducted with smaller groups of
re spon dents. The fi nal phase of the ques tion naire sur vey in -
volved a group of 63 per sons of the Com pany’s top tech ni cal
man age ment (di rec tors, chief and chief en gi neers and some of
the se nior su per vi sory staff). The ques tion naire con tains tens of 
de tailed ques tions di vided into groups on geo log i cal cri te ria, de -
posit avail abil ity (for mal and tech ni cal fac tors) and en vi ron men -
tal prob lems. 

Af ter a se ries of in ter views and con sul ta tions, we used a
slightly dif fer ent de scrip tion of the sub-as sess ments, due to
better, more pre cise and more com plete means of de scrib ing
the as sess ment cri te ria used.

Dur ing the anal y sis of maps and ex pert re search sup ported
by lit er a ture anal y sis, it was found that while as sess ing the po -
ten tial de vel op ment of un ex ploited hard coal de pos its, three ba -
sic eval u a tion cri te ria with cor re spond ing par tial grades (sub-
 cri te ria) shown in Ta ble 2 should be taken into ac count (Ayeni et 
al., 2022; Gupta, 2023). As the hi er ar chi cal as sess ment
method ana lysed the de ter mined as sess ment cri te ria in most
com pletely, this was se lected for fur ther re search. The adapted
An a lyt i cal Hi er ar chy Pro cess Method (aAHP) aims to group ob -
ser va tions of the stages of the ob jects ana lysed into groups
(clus ters) based on sim i lar i ties be tween ob ser va tions (Ram -
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Fig. 1. Re search pro ce dure
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dhani and Murtaqi, 2022; Rovaldi and Utama, 2023). In the
method pro posed, the eval u ated re sources are com pared with
model (bench mark) re sources with op ti mal pa ram e ters
(Wijaya, 2023). Af ter each com par i son, the eval u ated ex am ple
of the un ex ploited re sources ac cord ing to the “dis tance” from
the model re sources is placed into the ap pro pri ate clus ter (re -
source group). On this ba sis, the de ci sion-maker can make the
fi nal de ci sion.

The last stage of the re search was to de velop an orig i nal hi -
er ar chi cal method for as sess ing the de pos its of the liq ui dated
hard coal mines. This stage of re search con sisted of the ver i fi -
ca tion and mod i fi ca tion of the ini tially adopted as sess ment
method. In this phase of re search, suc ces sive ver sions of the
re source as sess ment method were con sulted and cor rected in
or der to ob tain a fi nal ver sion that would meet all its re quire -
ments and chang ing con di tions.

In or der to adapt the method to the chang ing con di tions, a
quo tient trans for ma tion was used to as sign val ues to par tial
eval u a tions and ob tain the fi nal eval u a tion in the hi er ar chi cal
method with the use of multi-cri te ria anal y sis meth ods. The
multi-cri te ria anal y sis re quired the de ter mi na tion of weightings
for in di vid ual par tial rat ings, which was achieved by means of
sub se quent sur veys. The re search was based on the re-pre -
sen ta tion of the sur vey to the ex perts who were to as sign a
weight ing to each of the par tial as sess ments for each of the as -
sess ment cri te ria.

The adapted An a lytic Hi er ar chy Pro cess Method (aAHP)
(Bijañska and Wodarski, 2017; Affandi and Novani, 2023) was
ver i fied us ing a pre pared da ta base of ref er ence re sources. The
da ta base in cludes ex am ples of re sources at trac tive for pos si ble 
de vel op ment, re sources con sid ered per ma nently un fit for ex -
trac tion, and re sources dif fi cult to clas sify (Etlanda and Suta -
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T a  b l e  1  

Re search meth ods and the re sults of their use

Re search meth ods Re sults of their use

Lit er a ture study

Anal y sis 

Syn the sis

Di rect in ter view – discussions

Panel stud ies 

Sur vey re search – ques tion naires

Anal y sis of doc u ments

Anal y sis of onboard maps 

Case stud ies

in di ca tion of ba sic ar eas and re search prob lems

de vel op ment of sur vey and in ter view forms 

con struc tion of schemes for as sess ing de pos its 
of liq ui dated mines

de vel op ment of a pre lim i nary model for the de posit 
as sess ment method 

ver i fi ca tion and mod i fi ca tions of de posit eval u a tion 
method mod els 

de vel op ment of the fi nal model for the de posit as sess ment
method

Fig. 2. The pro ce dure of se lect ing a re source as sess ment method
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widjaya, 2022; Khosravi et al., 2022). The ver i fi ca tion showed
that only mi nor for mal cor rec tions were needed, which did not
re sult in sig nif i cant changes to the struc ture of the method. For
this rea son, the re vised method was con sid ered cor rect. 

THEORY AND CALCULATION

A NEW METHOD OF ASSESSING THE POSSIBILITY 
OF DEVELOPING DEPOSITS OR THEIR PARTS

The sur veys con ducted showed that in or der to as sess the
pos si ble re-use of un ex ploited re sources, three cri te ria adopted 
for as sess ing the po ten tial re de vel op ment of un ex ploited hard
coal de pos its shown in Ta ble 2 should be taken into ac count. 

In ac cor dance with the na ture of the aAHP method (Etlanda 
and Sutawidjaya, 2022; SalvaÔa et al., 2023), the fi nal eval u a -
tion of the ex am ple of re sources ex am ined as signs these re -
sources to their ap pro pri ate de ci sion-mak ing clus ter (group of
re sources). We note that the method is only a tool that sup ports
the de ci sion-maker and it is up to him/her to make the fi nal de ci -
sion so as to use the as sessed re sources ef fec tively (Yavuz,
2015; Khosravi et al., 2022). As sump tions made are: the closer
the op er at ing mine work ings (shaft, gal lery, other) are lo cated,
the shorter the time to re-de velop the de posit; the shorter the
time since the mine was closed down,  the eas ier it is to ac cess
to the aban doned parts. The ques tions con tained in the ques -
tion naire bring these is sues closer. We em pha size that Pol ish
reg u la tions (Geo log i cal and Min ing Law) set out rules for the
safe de com mis sion ing of work ings, which will fa cil i tate their
safe re ac ti va tion. 

In the aAHP method adopted, four de ci sion clus ters
(groups of re sources with sim i lar pa ram e ters) were pro posed,
de ter min ing the pos si bil ity of re us ing un ex ploited re sources
(Fig. 3):

– re sources rec og nized by the method as per ma nently un -
suit able for re-use; 

– re sources sug gested for aban don ment, con sid ered by the
method as un prof it able for re-use un der cur rent mar ket con -
di tions; 

– dis puted re sources, in cur rent mar ket con di tions, con sid -
ered by the method as dif fi cult to clas sify, are sug gested for
aban don ment or de vel op ment; 

– re sources sug gested for eco nomic de vel op ment in the cur -
rent mar ket con di tions.
Af ter the ini tial ver i fi ca tion of the method, in cor rect place ment 

of the un ex ploited re sources ana lysed in the ap pro pri ate de ci -
sion-mak ing clus ters was found in the case of re sources clearly
un suit able for de vel op ment. In some cases, such re sources re -
ceived such a high rat ing that the method clas si fied them to the
clus ter of re sources only sug gested for aban don ment. For the
points ob tained in the re main ing cri te ria to com pen sate the lack
of points in the cri te ria where “0” was ob tained, a group of cri te ria
al low ing re sources for fur ther anal y sis was added. 

Based on the anal y sis of the lit er a ture, ad mis sion cri te ria
(Ta ble 3) were es tab lished as a range of ques tions that could
only be an swered “Yes” or “No”. An swer ing “No”, to at least one
of these ques tions (Chmiela and Smoli³o, 2023; Samolej and
Franus, 2025), re sults in fail ure to meet the en tire range of ad -
mis sion cri te ria and ex clu sion of the re sources un der con sid er -
ation from fur ther as sess ment (Turek and Lubosik, 2008;
Yousuf et al., 2023).

Due to the ar range ment of typ i cal min ing and geo log i cal
con di tions in the Up per Silesian Coal Ba sin and Lublin Coal Ba -
sin, the pre pared set of ad mis sion cri te ria pre pared is ded i cated 
to deep de pos its. The set does not cover all pos si ble com bi na -
tions of min ing and geo log i cal pa ram e ters. Ad di tional in di vid ual
as sess ment should be car ried out in spe cific cir cum stances.
The need for an in di vid ual as sess ment may arise, for ex am ple,
when ana lys ing the pos si bil ity of de vel op ing shal low de pos its
with low stra tal dip. For this type of ex ploi ta tion, much smaller
re sources may be of in ter est than in the clas si cal ex ploi ta tion of
deeper de pos its (Salom and Kivinen, 2020). In gen eral, an ex -
em plary set of cri te ria is pre sented based on Pol ish ex pe ri ence
and geo log i cal and tech ni cal con di tions, but these cri te ria can
be mod i fied and adapted for dif fer ent set tings. 

The method as sumes that the val ues of par tial grades,
wher ever pos si ble, will be given in the form of pri mary val ues
and then con verted into dimensionless val ues. This al lows
com par i son of par tial grades ex pressed in dif fer ent units. The
ra tio trans for ma tion also re duces par tial grades to the range
from “0” to “1”, which en ables com par i son of par tial grades, re -
gard less of the ab so lute size of the num ber de scrib ing the orig i -
nal value of a given par tial grade. In the ra tio trans for ma tion, the 
stan dard ized val ues of “stim u lant” as sess ments are cal cu lated
by di vid ing the tested value by the op ti mal value (in this case the 
larg est) in ac cor dance with for mula [1] be low (Przyby³a and
Chmiela, 1997; Chmiela, 2023).

NV
h

h
istym

i

i

=
max

[1]

where: NVistym – value of the par tial grade in the ra tio trans for ma tion
for the “stim u lant”; i – par tial grade num ber; himax – op ti mal (max i mum) 
value of the “stim u lant” rat ing; hi – par tial grade value ana lysed.

For a “de-stim u lant” fea ture, the ra tio trans for ma tion pro -
vides the cal cu la tion of a nor mal ized value by di vid ing the op ti -
mal value for this par tial grade, in this case the small est value,
by the value of the par tial grade ana lysed ac cord ing to for mula
[2] be low (Przyby³a and Chmiela, 1997; Chmiela, 2023).
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T a  b l e  2

Cri te ria adopted for as sess ing the po ten tial re de vel op ment
of un ex ploited hard coal de pos its 

For mal and spa tial cri te ria (ac ces si bil ity to the de posit)

K1A pos ses sion of an ac tive min ing li cense

K1B ac cess to un liq ui dated shafts

K1C ac cess to un liq ui dated fa cil i ties of the min ing plant

K1D dis tance from the mine to the rail way line

Geo log i cal and re source cri te ria for the as sess ment 
of hard coal de pos its

K2A size of the in dus trial re sources

K2B mod er ate thick ness of the coal seam

K2C dom i nant types of coal

K2D dis tance from shar ing points

K2E pre dicted nat u ral haz ards

En vi ron men tal cri te ria

K3A im pact of the planned ex ploi ta tion on sur face ob jects

K3B pos si bil ity of ob tain ing a qual i fied crew

Source: Pieszczek et al. (2023)
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h
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idest

i
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= min [2]

where: NVidest– value of the par tial grade in the ra tio trans for ma tion
for the “de-stim u lant”; i – par tial grade num ber; himin – op ti mal value
for a “de-stim u lant” as sess ment; hi – par tial grade value ana lysed.

For a par tial grade of a “nominant”, a stan dard ized grade is
awarded in in ter vals. In the in ter val where the in crease in the
ab so lute value is per ceived pos i tively, the nor mal ized value is
cal cu lated as for a “stim u lant”, in ac cor dance with for mula [1],
and in the in ter val where the in crease in the ab so lute value of
the par tial grade is per ceived neg a tively, the cal cu la tions are
per formed as for the “de-stim u lant” grade (Przyby³a and
Chmiela, 1997; Chmiela, 2023), in ac cor dance with for mula [2].

The fi nal a AHP grade is cal cu lated in ac cor dance with for -
mula [3] be low. The stan dard ized val ues of par tial grades as -

signed are mul ti plied by a weight re flect ing the im pact of this
par tial grade on the fi nal a AHP grade (Przyby³a and Chmiela,
1997; Chmiela, 2023). The a AHP as sess ment in di cates the
“dis tance” of the ex am ple ana lysed of un ex ploited re sources
from a hy po thet i cal ideal de posit, with op ti mal pa ram e ters, au -
tho riz ing a de ci sion to re-de velop it.

[3]

aAHPi = wK1A × K1Ai  + wK1B × K1Bi + wK1C × K1Ci + wK1D × K1Di

+ wK2A × K2Ai + wK2B × K2Bi + wK2C × K2Ci + wK2D × K2Di + wK2E ×

K2Ei + wK3A × K3Ai + wK3B × K3Bi

where: K1A, K1B, K1C, K1D, K2A, K2B, K2C, K2D, K2E, K3A and
K3B – rep re sent stan dard ized val ues of a AHP par tial grades; w –
the weight ing of the par tial grade re flect ing its im pact on the fi nal
grade; i – an other ex am ple ana lysed of un ex ploited re sources sub -
jected to hi er ar chi cal as sess ment.
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Fig. 3. Di vi sion of the de pos its ana lysed into suit abil ity clus ters (groups of re sources)
 for re-de vel op ment

T a  b l e  3

Cri te ria al low ing fur ther hi er ar chi cal eval u a tion of the re sources ana lysed

Cri te rion al low ing the val o ri za tion of hard coal de pos its Yes No

Is the ex ploi ta tion of the de posit con sid ered tech ni cally pos si ble?

Does the ex ploi ta tion of re sources leave the de pos its above un dam aged?

Is the max i mum depth of ex ploi ta tion <1200 m?

Is the min i mum cal o rific value of the coal at least Qr = 20 MJ/kg?

Do the pro jected im pacts of min ing ex ploi ta tion dam age the fa cil i ties?

Does the in come from the ex ploi ta tion of the de posit ex ceed the costs of its ex trac tion?

Does the av er age coal thick ness in the cal cu la tion plot ex ceed 1.50 m?

Is the av er age sul fur con tent in the coal <Sr = 1.6%?

Is there >30% of the re sources in ques tion in the pro tec tive pil lars?

Is the deck con tam i na tion <20% by vol ume?

Do the lot’s re sources ex ceed 200,000 Mg?

Source: Pieszczek et al. (2023)
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The weight ing of each par tial grade is its im pact on the fi nal
grade. The weight ing is dif fer ent for each par tial score and may
change as mar ket con di tions change. Thanks to the use of
weightings, the method be comes much more flex i ble and can
be more eas ily adapted to chang ing eco nomic, tech ni cal or po -
lit i cal sit u a tions. 

At the be gin ning of 2023, the val ues of the weightings for
the par tial as sess ment cri te ria for the val i da tion of un ex ploited
re sources were es tab lished, based on an ex pert opin ion sur -
vey. The man age ment team of liq ui dated hard coal mines and
se nior su per vi sors of min ing spe cial ties were used as ex perts.
The weight ing val ues and the na ture of the par tial scores are
shown in Ta ble 4. The weight ing val ues are ad e quate only for
this pe riod, and rapid changes in eco nomic con di tions re quire
fur ther re search to be car ried out when po lit i cal and mar ket
con di tions nor mal ize, at least tem po rarily.

DESCRIPTION OF PARTIAL GRADES

FORMAL AND SPATIAL CRITERION FOR THE VALORIZATION 
OF HARD COAL DEPOSITS (ACCESS TO THE DEPOSIT) (K1)

Par tial grade K1A. Pos sess ing an ac tive min ing li cense.
When a li cense to ex tract a min eral from a de posit ex pires, the
re sources are as signed as dimensionless num ber “0”. Where -
as, when the mine has a valid li cense to ex tract a min eral from a 
de posit, the re sources are as signed as the num ber “1”. An in -
crease in the ab so lute value is per ceived pos i tively and clas si -
fies this par tial grade as a “stim u lant” with an op ti mal value
equal to “1”.

Par tial grade K1B. Ac cess to un liq ui dated shafts. In this
par tial as sess ment, it was pro posed to pro vide the num ber of
un liq ui dated shafts. At first, it was de cided that the more po ten -
tial shafts, the better, so the par tial as sess ment was given the
char ac ter of a “stim u lant”. How ever, the eco nomic as sess ment
of such a sit u a tion in di cated that the costs of main tain ing ad di -
tional shafts may be high enough to ren der such a pro ject in ef -
fec tive. It was de cided that two shafts (an in ha la tion and an ex -

ha la tion one) were op ti mal, and each sub se quent one re duced
the at trac tive ness of the pro ject. Ul ti mately, the par tial grade
has the char ac ter of a “nominant”. In the range from “0” to “2” it
has the char ac ter of “stim u lant”, and from the value of “3” it
changes its char ac ter to “de-stim u lant”.

Par tial grade K1C. Ac cess to un liq ui dated min ing plant fa -
cil i ties. In the ab sence of un liq ui dated min ing plant fa cil i ties, the
re source is as signed a value of “0”; for a par tially com pleted liq -
ui da tion of min ing plant fa cil i ties, the re source is given a “1”; and 
for a full com ple ment of liq ui dated min ing plant fa cil i ties, the re -
source is given a “2” . An in crease in the ab so lute value is per -
ceived pos i tively and clas si fies this par tial grade as a “stim u lant” 
with an op ti mal value of “2”.

Par tial as sess ment K1D. The dis tance from the mine to
the rail way line. An in crease in the ab so lute value of this par tial
grade is per ceived neg a tively, which makes the par tial grade a
“de-stim u lant”. The op ti mal case is the value “0”, which would
make, re gard less of the dis tance, a zero in the nu mer a tor in for -
mula [3], al ways re turn ing the value “0” with out dif fer en ti at ing
the par tial grades. To avoid such a sit u a tion and “di vid ing by
zero”, the method tech ni cally adds the value “1” to the num ber
of threats in all re sources ana lysed and takes the num ber “1” as
the op ti mal value for this par tial as sess ment.

GEOLOGICAL AND RESOURCE CRITERION FOR THE VALORIZATION
OF HARD COAL DEPOSITS (K2)

K2A par tial as sess ment. The size of in dus trial re sources.
An in creas ing amount of re sources is per ceived pos i tively, so it
was de ter mined that this par tial as sess ment is of “stim u lant” na -
ture. The ex perts also de cided that the ref er ence point as the
op ti mal value would be 400 mil lion Mg, be cause when an a -
lysing the avail able unex ploited de pos its, this value is not ex -
ceeded. The ex perts con sid ered this par tial as sess ment to be
the most im por tant par tial as sess ment when as sess ing the po -
ten tial suit abil ity for de vel op ment and gave it a weight of 0.1481.

K2B par tial as sess ment. Mod er ate thick ness of the coal
seam. There is an op ti mal thick ness of the seam ex tracted,
which is 4.0 m for min ing with a roof col lapse, and 2.8 m for min -
ing with back fill ing. In creas ing the ab so lute value of the seam
thick ness is per ceived pos i tively un til the op ti mal value is
reached, while fur ther in creases in the thick ness makes ex trac -
tion more dif fi cult. For this rea son, this par tial as sess ment was
con sid ered as a“nominant”, the op ti mal value of which will de -
pend on the ex trac tion tech nol ogy (4.0 m for roof cav ing and
2.8 m for min ing with back fill ing).

K2C par tial as sess ment. Dom i nant types of coal. In creas -
ing the num ber de not ing the type of coal is not al ways per ceived 
pos i tively, but for the pur poses of the ini tial as sess ment of re -
sources, such a sim pli fi ca tion of re al ity was adopted. Un der this
as sump tion, par tial as sess ment should be con sid ered as a
“stim u lant”. How ever, the sim pli fi ca tion used will not sig nif i -
cantly af fect the op er a tion of the method, and the pre cise val o ri -
za tion of this par tial as sess ment will re quire ad di tional re search. 
The op ti mal value is the dimensionless num ber 43.

K2D par tial as sess ment. Dis tance from shar ing points. An 
in crease in the ab so lute value of this par tial grade is per ceived
neg a tively, which makes the par tial gradea “de-stim u lant”. The
op ti mal case is the value “0”, but, sim i larly to the K1D cri te rion
(the dis tance from the mine to the rail way line), to avoid “di vid ing 
by zero”, a tech ni cal “1” is added and at the same time the num -
ber “1” is as sumed as the op ti mal value.

K2E par tial as sess ment. Pre dicted nat u ral haz ards. When 
val o riz ing this as pect of re source as sess ment, it was de cided
that only the num ber of nat u ral haz ards in the de posit ana lysed
should be taken into ac count, with out as sign ing them a de gree,
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T a  b l e  4

Na ture and im por tance of par tial as sess ments of hard coal
de pos its’ val o ri za tion cri te ria

Name and na ture of par tial eval u a tion
Weight 

“w”

Pos ses sion of an ac tive min ing li cense S 0.0904

Ac cess to un liq ui dated shafts N 0.1407

Ac cess to un liq ui dated fa cil i ties of the min ing plant S 0.0593

Dis tance from the mine to the rail way line D 0.1037

Size of the in dus trial re sources S 0.1481

Mod er ate thick ness of the coal seam N 0.0919

Dom i nant types of coal S 0.0741

Dis tance from shar ing points D 0.1319

Pre dicted nat u ral haz ards D 0.0593

Im pact of the planned ex ploi ta tion on sur face 
ob jects S 0.0785

Pos si bil ity of ob tain ing a qual i fied crew S 0.0222

S – stim u lant, D – de-stim u lant, N – nominant



class or cat e gory. This sim pli fi ca tion was con sid ered suf fi cient
for the ini tial as sess ment of unex ploited de pos its in terms of
their pos si ble de vel op ment. One point is awarded for each pre -
dicted threat to the re sources as sessed. Award ing point clas si -
fi ca tions in this way (the more the worse) places this cri te rion in
the “de-stim u lant” group. The op ti mal case is the value “0”, but
in or der to avoid “di vid ing by zero”, the method, sim i larly to the
K1D and K2D as sess ment, adds a tech ni cal “1” and takes the
num ber “1” as the op ti mal value for this par tial as sess ment.

ENVIRONMENTAL CRITERION FOR THE VALORIZATION 
OF HARD COAL DEPOSITS (K3)

Par tial grade K3A. The im pact on the planned ex ploi ta tion
of sur face ob jects. For ar eas with a high de gree of ur ban iza tion, 
re sources are as signed as a dimensionless num ber “0”; for ar -
eas with an av er age de gree of ur ban iza tion; re sources are as -
signed the num ber “1”, and for ar eas with a low de gree of ur -
ban iza tion, re sources are as signed the num ber “2”. An in -
crease in the ab so lute value is per ceived pos i tively, which clas -
si fies this par tial grade as a “stim u lant”, with an op ti mal value
equal to “2”.

Par tial grade K3B. The pos si bil ity of ob tain ing qual i fied
crew. For this par tial as sess ment, the orig i nal value will be
taken as a per cent age of the abil ity of lo cal La bour Of fices to
meet the de mand for qual i fied em ploy ees. In creas ing the ab so -
lute value of the par tial as sess ment (the pos si bil ity of em ploy ing 
un em ployed peo ple from lo cal La bour Of fices) is per ceived
pos i tively, so this cri te rion was con sid ered as a “stim u lant”, with
an op ti mal value of 100%.

AWARDING THE FINAL GRADE 
FOR THE aAHP METHOD

The last stage of prep a ra tion for the cal cu la tions was to de -
ter mine the point range cor re spond ing to in di vid ual clus ters.
De ter min ing the bound aries be tween clus ters for hi er ar chi cal
anal y sis was ob tained af ter con duct ing an other ex pert opin ion

sur vey. The ex perts were again peo ple from the man age ment
of the liq ui dated mines and from higher op er a tional su per vi sion
of the rel e vant spe cial ties. The re spon dents were asked to pro -
vide the score range of in di vid ual de ci sion clus ters of the aAHP
method (Grmela et al., 2018; Zhou et al., 2018). The bound ary
val ues be tween clus ters ob tained from all ex perts were very
sim i lar, which re sulted in an ex cep tion ally high con ver gence of
their opin ions, at the level of ap prox i mately 97% (Bijañska and
Wodarski, 2017; Affandi and Novani, 2023). Spe cial ists were
pro vided with a sam ple ta ble of po ten tially reactivable re sour -
ces, with an as signed aAHP score, ob tained ac cord ing to the
method de scribed above, and made a de ci sion about be long ing 
to one of the clus ters. Based on the re sults ob tained, it was pos -
si ble to de ter mine the bound aries be tween the clus ters. In Ta -
ble 5. a sys tem of aAHP rat ing val ues awarded to de ci sion -
-mak ing clus ters is in cluded. The cal cu lated fi nal aAHP rat ing
places the as sessed re sources within de ci sion-mak ing clus ters
(Cao et al., 2010; Etlanda and Sutawidjaya, 2022). 

The fi nal di a gram of the pro posed adapted An a lytic Hi er ar -
chy Pro cess (aAHP) method, us ing the ra tio trans for ma tion, is
shown in Fig ure 4. The re source anal y sis pro ce dure be gins with 
out lin ing po ten tial re sources on maps and read ing ba sic data
char ac ter iz ing the as sessed part of the de posit. The next step in 
the as sess ment is to check whether the as sets be ing as sessed
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T a  b l e  5

Di vi sion of the as sess ment re sults, ac cord ing to the aAHP
as sess ment ob tained, into de ci sion clus ters

De ci sion-mak ing clus ter for the val o ri za tion 
of hard coal de pos its aAHP [scores]

Re sources un suit able for de vel op ment to 0.3

Re sources sug gested for dis con tinu a tion to 0.4

Con ten tious re sources (to be de cided later) to 0.5

Re sources sug gested for de vel op ment >0.5

Source: Pieszczek et al. (2023)

Fig. 4. Scheme of the hi er ar chi cal anal y sis method with an ad di tional group of ad mis sion cri te ria

https://doi.org/10.1080/17480930.2010.503382
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https://doi.org/10.1080/17480930.2016.1228031
https://doi.org/10.24018/ejbmr.2023.8.3.1937


meet a set of el i gi bil ity cri te ria. Fail ure to meet at least one of the 
qual i fy ing cri te ria elim i nates the de posit from fur ther eval u a tion. 
It is as signed an aAHP rat ing value of “0” and is au to mat i cally
clas si fied into the clus ter of de pos its un suit able for de vel op -
ment. When the de posit meets all the ac cep tance cri te ria, the
par tial as sess ments are as signed their nor mal ized val ues and
the method, us ing a ra tio trans for ma tion, in ac cor dance with
for mula [3], as signs the re sources be ing con sid ered a fi nal
aAHP as sess ment, which clas si fies the re sources ana lysed
into de ci sion-mak ing clus ters. The in for ma tion ob tained in this
way is the ba sis to help the de signer make the fi nal de ci sion on
the pos si ble re-de vel op ment of aban doned re sources. It should 
be em pha sized that, de spite the sug ges tion re sult ing from the
anal y sis (pen ul ti mate el e ment in Fig ure 4), the de ci sion-maker
can agree or re ject the sug ges tion. The de ci sion- maker can act

ac cord ing to his/her knowl edge. How ever, the en tirety of the
anal y sis car ried out and the re sult ing sug ges tions ra tio nal ize
the de ci sion-mak ing pro cess.

RESULTS AND DISCUSSION

VERIFICATION OF ASSESSMENTS CARRIED OUT 
FOR VARIOUS GEOLOGICAL, RESOURCE, FORMAL,

LEGAL AND ENVIRONMENTAL CONDITIONS

An im por tant stage in the de sign of the new re source as -
sess ment method was its prac ti cal test ing. The ver i fi ca tion of
the cor rect ness of re source al lo ca tion in the ap pro pri ate de ci -
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T a  b l e  6

Da ta base of un ex ploited re sources po ten tially suit able for re de vel op ment

Par tial 
assessment 

K1A K1B K1C K1D K2A K2B K2C K2D K2E K3A K3B AHP
No

of re sources

1 0 0 0 3   9 1.70 31 4  3 0 95 0.138

2 0 0 1    0.7 21 1.70 34 2.7 2 0 90 0.194

3 0 0 0 1 15 2.30 31 2.1 7 1 90 0.195

4 0 0 1 2   1 1.50 31 4   7 1 100 0.196

5 0 0 2 2 17 3.50 33 0.5 4 0 80 0.264

6 0 0 2 2   6 4.10 32 0.5 4 0 80 0.267

7 0 1 1 1 14 1.50 33 3   7 1 70 0.273

8 0 0 2 2 55 4.20 33 0.5 4 0 80 0.285

9 0 1 1 2   3 4.30 31 0.5 4 0 80 0.301

10 1 0 2    0.7 23 1.90 34 1.5 5 0 100 0.316

11 1 0 2    0.5 21 2.50 31 3.5 5 0 100 0.324

12 1 0 2 2   5 1.50 31 2   2 1 90 0.331

13 0 3 1    0.7 22 1.90    34.2 1   2 1 90 0.341

14 0 3 1    0.8 41 2.40 34 2   2 1 90 0.351

15 0 3 2 2 11 2.70 32 2.3 5 1 100 0.356

16 1 1 1 1 25 1.50 34 3  7 1 70 0.369

17 1 0 2 2 48 4.40 34  0.5 4 0 80 0.371

18 1 1 1 1 52 1.50 31 3  7 1 70 0.374

19 0 2 0 3   8 2.60 33    2.40 3 2 95 0.383

20 0 2 0 3 65 2.80 33   2.60 3 2 95 0.408

21 1 3 0 3   2 2.30    34.2   2.10 3 2 95 0.421

22 1 3 2    0.7 40 2.10    34.2  0.5 5 0 100 0.438

23 1 3 0 3 34 2.75 34   2.60 3 2 95 0.441

24 0 2 2      0.45 99 2.60 33 3.5 4 1 100 0.453

25 1 3 1 2   7 2.50 32 1.3 2 2 90 0.462

26 1 2 1      0.45 6 2.20 33 1.1 2 1 90 0.484

27 1 3 2    0.8 63 2.60 34 1   4 2 100 0.523

28 1 4 2    0.2 67 2.60 34 0.5 5 2 95 0.552

29 1 2 2      0.45 150 2.40 33 2.3 2 2 90 0.575



sion-mak ing clus ters was car ried out on the ba sis of the da ta -
base of un ex ploited hard coal re sources in mines that had 
been put into liq ui da tion. In the da ta base of re sources that are
po ten tially pos si ble to de velop (Ta ble 6) there are re sources
that meet the pro posed set of ad mis sion cri te ria (Ta ble 3). The
da ta base in cludes 29 po ten tial ar eas for pos si ble re ac ti va tion of 
min ing. 

DISCUSSION

The un ex ploited re sources as sessed vary in size, rang ing
from 1 to 150 mil lion Mg. These re sources are qual i fied as mod -
er ately thick de pos its, their thick ness start ing from 1.5 m and
reach ing 2.8 m. Only in four cases did the thick ness ex ceed
4 m, clas si fy ing the de pos its as thick de pos its. The re sources
ana lysed con tain coals of types 31 to 34.2. Nat u ral haz ards are
ex pected to oc cur in the re sources. Most re sources are re mote
from po ten tial shar ing points. In seven cases, the dis tance does 
not ex ceed 1 km, but these re sources are most of ten lo cated in
the pro tec tive pil lars des ig nated for the main shafts. In the case
of most of the re sources ana lysed, the area of the main plant
be longs to the mine be ing liq ui dated, and in nine cases the liq ui -
dated mine owns only a sep a rate part of the area of the min ing
plant. The re sources ana lysed are lo cated un der ar eas with
vary ing de grees of ur ban iza tion. It was found that it was rel a -
tively easy to ob tain lo cal qual i fied crew.

Among the re sources ana lysed (Ta ble 6), the method clas -
si fied eight re gions as un suit able for de vel op ment, marked in
red, eleven re gions as sug gested for aban don ment, marked in
or ange, seven ex am ples clas si fied as dis puted re sources (mar -
ked in white) and only three re gions clas si fied as a clus ter of re -
sources sug gested for de vel op ment, mark ing them in green.
The anal y sis in Ta ble 6 pointed out the great im por tance given
to par tial as sess ments ana lys ing the avail abil ity of un used
shafts and the ex ist ing con ces sion for the ex trac tion of min er als 
from the de posit. In the case of nine of the worst re sults, the
mine had lost its min ing li cense, and in six cases the mine did
not have op er a tional shafts. Ana lys ing the high est-rated re -
sources, in eleven cases the mine has at least two ac tive
shafts, and in the best five cases it also has a min ing li cense.
For the high est-rated re sources, a rail way sid ing is still lo cated
at or im me di ately neigh bours the mine. The prog ress of liq ui da -
tion pro ce dures has meant that for most of the low est rated as -
sets, the sid ing and the rail way line had al ready been liq ui dated. 
The val ues of the re main ing par tial grades are var ied, which
proves their smaller im pact on the fi nal grade.

To con firm the cor rect ness of the adopted re source as sess -
ment pro ce dure, the same re source da ta base and doc u men ta -
tion were pre sented to the ex perts for eval u a tion. The ex perts
agreed with the method as sign ing spe cific re sources to the cor -
re spond ing de ci sion-mak ing clus ter. The pro posed method is
de signed to as sist the de ci sion-maker at the ini tial stage of re -
source se lec tion. How ever, all of them stip u lated that the
method could only be an aux il iary tool, so that the fi nal de ci sion, 
sup ported by a de tailed as sess ment, was made by the de ci -
sion-maker. 

CONCLUSIONS

The prob lem of as sess ing the pos si bil i ties of us ing aban -
doned coal re sources has not, to date, been the sub ject of de -
tailed sci en tific re search. The pro ject of re ac ti vat ing un ex ploited 
de pos its is very com pli cated and ex pen sive due to the large
scope of pre pa ra tory work nec es sary. If such a task was suc -
cess ful in liq ui dated mines, the prof its would prob a bly only
slightly ex ceed the ex pen di ture in curred. Ef fec tive de ci sion-
 mak ing in as sess ing the fea si bil ity of de vel op ing un ex ploited
coal re sources may be dif fi cult due to the lack of pro ce dures
sup port ing the man age ment of un ex ploited re sources. The
method out lined tries to at least par tially fill this gap with out ex -
haust ing the pos si bil i ties of fur ther con sid er ing this is sue. The
pro posed An a lytic Hi er ar chy Pro cess Method (aAHP), mod i fied 
for such a spe cific ap pli ca tion as the as sess ment of un ex ploited 
re sources, is a sim ple sup port tool for the de signer and de ci -
sion-maker. The new el e ments in tro duced in the method and
the use of multi-cri te ria anal y sis meth ods make the method
eas ily adapt able to chang ing con di tions in the coal mar ket. The
pro ce dure de scribed of fers the de signer a po ten tial pos si bil ity
of re source man age ment in cur rent mar ket con di tions, but the
fi nal de ci sion on fur ther ac tion rests with the de ci sion-maker, to
whom the pro posed method pro vides multi-cri te ria, multi-as -
pect in for ma tion about the re sources ana lysed, adapted to
changes in mar ket con di tions. The de ci sion-maker may, but
does not have to, agree with the as sess ment of the method. 

The pro posed method for as sess ing the pros pects for the
de vel op ment of un ex ploited hard coal re sources can be used
as a ref er ence point for a de tailed anal y sis and multi-cri te ria es -
ti ma tion of tech ni cal pos si bil i ties and planned costs. In the case
of liq ui dated mines, the prog ress of liq ui da tion pro ce dures and
the re lated pas sage of time make it im pos si ble to de velop the
re main ing part of the de posit. An un solved prob lem is the sci en -
tific sys tem ati za tion of the im pact of time on the pos si bil ity of
re-de vel op ment of un ex ploited re sources, and the for ma tion
and de vel op ment of nat u ral haz ards in parts of de pos its un ex -
ploited in the past. In this re spect, there is only the un sys tem atic 
knowl edge of prac ti tio ners. There are many fewer re stric tions in 
ac tive mines, which means that the method, af ter cer tain mod i -
fi ca tions, can also be used in mines cur rently work ing, which will 
en able them to in crease their re source base.

The method pre sented in this pa per re lates to a spe cific
case study: liq ui dated  mines man aged by state-owned coal
com pa nies. In a dif fer ent busi ness en vi ron ment, the method
can be used for se lect ing de pos its and mines that should be
pro tected from infrastructural de vel op ment. The method de vel -
oped sug gests how to carry out the me thod i cal eval u a tion and
val o ri za tion of aban doned de pos its that should be pro tected by
the state. Pro tected de pos its and mines could even con sti tute a
stra te gic re serve.

Ac knowl edge ments. The au thors would like to thank the
re view ers. Thanks to their in sight ful eval u a tion and valu able
sug ges tions, the qual ity of the sub mit ted manu script has been
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