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The Eu ro pean Un ion, ac cord ing to the Eu ro pean Green Deal, aims to achieve cli mate neu tral ity by 2050. Fol low ing this rul -
ing, Po land plans to move to a low-car bon econ omy, which means pro gres sive clo sure of Pol ish hard coal mines. In or der to
min i mize the neg a tive ef fect of this pro cess on Pol ish so ci ety, we pro pose a method that sup ports man age ment of coal de -
pos its by as sess ing the dy namic re source base, which con sid ers the eco nomic value and cost of coal fields and helps in
choos ing the most vi a ble ex ploi ta tion plan. The method uses data ex tracted from geo log i cal and min ing struc ture mod els to
es ti mate the mar gin of ex ploi ta tion of coal fields in mul ti ple vari ants. The method then ad justs the re sults by geo log i cal and
min ing con di tions in clud ing the nui sance fac tor, and uses it to es ti mate a vari able dis count rate and the net pres ent value of
each vari ant. This way, the re source base aligns with the JORC Code, which con sid ers re sources as mineable only if this can 
be done  safely and prof it ably. The method al lows for ad just ing plans along with chang ing mar ket con di tions. In or der to im -
ple ment this method it is nec es sary to align Pol ish min ing law with in ter na tional stan dards and to de ploy ad vanced dig i tal
tools, which may only be achieved by close cooperation between the state, geological administration, mining supervisory
institutions and mining com pa nies.

Key words: low-car bon econ omy, cli mate neu tral ity, re source man age ment, min ing sched ul ing.

INTRODUCTION

For de cades, elec tric ity gen er a tion us ing fos sil fu els has
con trib uted to the tech no log i cal and eco nomic de vel op ment of
many coun tries. How ever, for sev eral years now, we have been 
wit ness ing a shift away from fos sil fu els by a group of the most
eco nom i cally de vel oped coun tries, due to the on go ing ad verse
ef fects of cli mate change and its im pact on so ci ety and the nat -
u ral en vi ron ment. Cli mate change is con sid ered the great est
threat to hu man ity. The Pol ish geo log i cal com mu nity is ac tively
con duct ing re search on palaeoclimate change and the pos si bil -
ity of us ing the re sults of this re search to pre dict the dy nam ics of 
global cli mate change (Szama³ek et al., 2025). The key ac tions
pro posed by the in ter na tional com mu nity are pro cesses of sys -
tem atic re duc tion of car bon di ox ide emis sions into the at mo -

sphere. The Eu ro pean Un ion has been a leader in these
changes for years, im ple ment ing many reg u la tions and in stru -
ments to sup port de car bon iza tion and aim ing to achieve cli -
mate neu tral ity by 2050 (The Eu ro pean Green Deal…, 2019;
The Eu ro pean Green Deal Striv ing…, 2019; Fit for 55, 2021). 

Fol low ing the res o lu tions and de ci sions made at the Eu ro -
pean level, Po land's en ergy pol icy is mov ing to wards be com ing
a low-car bon econ omy. De car bon is ing the Pol ish econ omy is a
par tic u larly dif fi cult un der tak ing. The Pol ish en ergy mix con tin -
ues to be dom i nated by fos sil fu els, in clud ing hard coal and lig -
nite. De spite an up ward trend, re new able en ergy sources, to -
gether with gas sources, only com ple ment the fuel mar ket. Po -
land's En ergy Pol icy un til 2040 (PEP2040, 2021) pres ents a
fore cast of tech no log i cal de vel op ments for en ergy gen er a tion
sources and the pri mary en ergy mix. 

In ad di tion to EU reg u la tions on CO2 emis sion al low ance
prices, the use of coal in the econ omy will also be af fected by
reg u la tions on meth ane emis sion re duc tion (Reg u la tion [EU]
2024/1787, 2024). The reg u la tion con cerns, among other
things, the re duc tion of meth ane emis sions from ac tive un der -
ground hard coal mines, and sets meth ane emis sion lim its of 5
tonnes of meth ane per kilotonne of coal ex tracted by 1 Jan u ary
2027 and to 3 tonnes of meth ane per kilotonne of coal ex tracted 
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by 1 Jan u ary 2031, which will pose ad di tional chal lenges in Pol -
ish con di tions.

The pro jected in crease in elec tric ity de mand to over 200
TWh per year will be as so ci ated with a grad ual de cline in the
per cent age share of coal in the elec tric ity gen er a tion mix. In
2024, as much as 34.4% of the 170.2 TWh of elec tric ity pro -
duced came from re new able en ergy sources (Fig. 1).

 Hard coal min ing is cur rently the most im por tant sup plier of
pri mary fu els to the Pol ish en ergy sec tor. This makes Po land an 
en ergy-se cure coun try.

The op ti mal use of do mes tic en ergy re sources is the goal of
PEP2040, and meet ing the cur rent and fu ture de mand for fuel
and en ergy in a tech ni cally and eco nom i cally jus ti fied man ner,
while com ply ing with en vi ron men tal pro tec tion re quire ments, is
one of the main el e ments of the coun try's en ergy se cu rity.
There fore, all cir cum stances should be con sid ered so that the
pos si bil ity of ex tract ing and us ing hard coal, as pro vided for in
EU reg u la tions, is car ried out in a ra tio nal man ner, with the least 
en vi ron men tal dam age, sta bi liz ing the en ergy tran si tion pro -
cess of the Polish economy and ensuring its energy security.

In this ar ti cle, we de scribe an in no va tive con cept for man ag -
ing hard coal de posit re sources based on a dy namic re source
base (DBZ) and an eco nomic min ing par cel (EPE). It proposes:

– the ne ces sity to move away from tra di tional, short-term ex -
trac tion man age ment in fa vour of ra tio nal and sus tain able
de posit man age ment within the con text of the en ergy tran si -
tion and de car bon iza tion;

– pre sent ing a meth od ol ogy based on dig i tal geo log i cal mod -
el ling, risk as sess ment, and eco nomic anal y sis, en abling
flex i ble ex trac tion plan ning un der vari able mar ket and geo -
log i cal con di tions;

– iden ti fy ing the ben e fits of im ple ment ing such a sys tem, in -
clud ing in creased ef fi ciency of the min ing sec tor, im proved
en ergy se cu rity for Po land, and mit i ga tion of tran si tion im -
pacts;

– iden ti fy ing le gal and sys temic bar ri ers along with pro pos als
for changes nec es sary to im ple ment a mod ern re source
man age ment model.

The ar ti cle serves an an a lyt i cal and pro ject-ori ented func -
tion, com bin ing sci en tific foun da tions with prac ti cal rec om men -
da tions for eco nomic pol icy and the mining sector. 

INNOVATIVE MANAGEMENT OF HARD COAL
RESOURCES MANAGEMENT

In the era of en ergy tran si tion and grow ing un cer tainty,
mod ern coal re source man age ment (where coal con tin ues to

play the role of an en ergy mar ket sta bi lizer) is cru cial for na -
tional se cu rity (Wirth et al., 2025). Hard coal will con tinue to play 
a key role in Po land's en ergy bal ance in the com ing years.
Fore casts pre sented in PEP2040 in di cate that do mes tic hard
coal con sump tion for en ergy pur poses will amount to 22.5 mil -
lion tonnes in 2030. Some fore casts pre dict that the de mand for
hard coal for elec tric ity and heat pro duc tion will reach 39.6 mil -
lion tonnes in 2030 and 26.4 mil lion tonnes in 2040 (Tokarski,
2022).

The tra di tional ap proach to coal de posit man age ment in Po -
land is based on the par a digm of short-term ef fi ciency and max -
i mi za tion of cur rent pro duc tion, of ten with out con sid er ing the
broader con se quences. This is not al ways con sis tent with ra tio -
nal de posit man age ment, and min ing the most eas ily ac ces si -
ble and high est qual ity coal seams leads to the ir re vers ible loss
of part of the re sources (those with poorer de posit pa ram e ters
but which can be mined eco nom i cally), mak ing it dif fi cult or im -
pos si ble to ex tract them later. Min ing de ci sions are most of ten
made with out a full sim u la tion of the mine's de vel op ment, re -
sult ing in sud den, costly changes in min ing strat egy and mines
being unprepared for deteriorating geological conditions. 

Geo log i cal, min ing, eco nomic and en vi ron men tal data in in -
di vid ual mines are usu ally col lected sep a rately, which pre vents
their joint, ad vanced anal y sis and does not al low for dy namic
sim u la tions that take into ac count chang ing mar ket pa ram e ters, 
costs or risks. 

Due to its tra di tion and spe cific na ture, the min ing in dus try is 
re luc tant to im ple ment new man age ment and dig i ta li za tion
tech nol o gies. Of ten, pres sure to main tain pro duc tion vol umes
makes it dif fi cult to quickly adapt pro duc tion to changing market
demand.

Due to the tra di tional ap proach to re source man age ment
that is still prev a lent in mines, it is nec es sary to im ple ment in no -
va tive hard coal re source man age ment based on ad vanced
dig i tal mod els. Such in no va tive man age ment will al low for
better plan ning of ex trac tion, tak ing into ac count the chang ing
qual ity of coal, risks re sult ing from the geo log i cal struc ture of
the de posit (seam), lim i ta tions caused by tech ni cal re quire -
ments, the im pact of ex ploi ta tion on the nat u ral en vi ron ment.
Iden ti fi ca tion of nat u ral hazards will in turn minimize downtime
in exploitation.

A mod ern, in te grated and dig i tal ap proach to re source man -
age ment is a pil lar of en ergy se cu rity dur ing the tran si tion pe riod 
and an in stru ment for sup port ing the de car bon iza tion of the Pol -
ish econ omy. In no va tive re source man age ment should be im -
ple mented in all hard coal mines, al low ing them to be treated
not as iso lated pro duc tion fa cil i ties, but as a key, flex i ble and
pre dict able element of a larger energy system. 
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Fig. 1. Struc ture of en ergy sources in Po land in 2002 and 2024 (Eu ro pean Elec tric ity Re view, 2025)
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This ap proach will also al low for the de vel op ment of a
long-term and fi nan cially sta ble plan for the de com mis sion ing of 
mines. The nec es sary pro duc tion vol ume from mines with fi nite
re sources can be taken over by other mines with ad e quate pro -
duc tion ca pac ity and re source po ten tial. This ad vance in for ma -
tion can pre vent sud den social and economic crises.

There are cur rently 20 min ing plants op er at ing in Po land,
ex tract ing ther mal and cok ing coal. Coal min ing is con sid ered
by many ex perts to be a highly risky and cap i tal-in ten sive ac tiv -
ity. At the same time, coal min ing con di tions are de te ri o rat ing,
the most eas ily ac ces si ble re sources in ac tive mines are be ing
de pleted, the depth of ex ploi ta tion is in creas ing, the tem per a -
ture in the work ings is ris ing, the trans port dis tances for crews
and ma te ri als are length en ing, ef fec tive work ing time is de -
creas ing, haz ards are in creas ing, and seams with an ever -in -
creas ing content of waste rock are being selected.

The dif fi cult fi nan cial sit u a tion of Pol ish min ing com pa nies is 
ex ac er bated by their high op er at ing costs. Op por tu ni ties to im -
prove this sit u a tion can be found in stream lin ing plan ning pro -
cesses. This im prove ment should aim at pro duc tion plan ning
that is as pre dict able as pos si ble, while also be ing eco nom i cally 
ef fi cient. In this re gard, it seems help ful to plan pro duc tion in
min ing longwalls with full aware ness of the com plex ity of geo -
log i cal and min ing conditions and the resulting economic
consequences. 

To this end, it is nec es sary to cre ate com pre hen sive stan -
dards and tools for the im ple men ta tion of a mod ern con cept of
hard coal de posit re source man age ment in terms of on go ing
ex ploi ta tion and the open ing up of new coal de pos its. The ba sis
of the con cept de scribed in the ar ti cle is the de vel op ment of a
meth od ol ogy for es ti mat ing the size of re cov er able re sources in 
real time, de pend ing on the vari able level of pro duc tion costs
and coal prices. The re search methodology used includes
several key stages:

– meth od ol ogy for de vel op ing a Dy namic Re source Base; 
– de vel op ment of a dig i tal model of the de posit;
– de vel op ment of a mine model with a dig i tal lay out of mine

work ings;
– de vel op ment of a model of min ing nui sance; as sess ment of

the im pacts of geo log i cal and min ing fac tors on min ing con -
straints;

– de vel op ment of a meth od ol ogy for the eco nomic as sess -
ment of re sources: the con cept of the so-called Eco nomic
Ex ploi ta tion Par cel;

– es ti ma tion and dem on stra tion of re sources ac cord ing to the 
in ter na tional JORC Code stan dard.

METHOD OF ESTIMATING 
THE DYNAMIC RESOURCE BASE

The meth od ol ogy de scribed be low rep re sents an in te -
grated, four-stage re search pro cess aimed at de vel op ing a dy -
namic re source base for a hard coal de posit. It con sti tutes a co -
her ent an a lyt i cal chain in which a dig i tal geo log i cal model of the
de posit is a tool en sur ing information continuity.

The pur pose of the model is to cre ate a three-di men sional
rep re sen ta tion of the de posit, show ing its ge om e try and spa tial
vari a tion in min eral qual ity. In sub se quent stages, the geo log i -
cal model is a key source of data for de sign ing min ing op tions
and for quan ti fy ing the se ver ity of geo log i cal and min ing con di -
tions and iden ti fy ing risk fac tors. The ac cu racy of the rep re sen -
ta tion of ac tual geo log i cal con di tions in the de posit model de ter -
mines the re li abil ity of the as sess ment of the eco nomic ef fi -
ciency of a min ing in vest ment pro ject. This en tire in te grated
pro cess is nec es sary to es ti mate the re sources that are eco -

nom i cally vi a ble for ex ploi ta tion and forms the ba sis for the clas -
si fi ca tion of re sources in ac cor dance with the in ter na tional
JORC Code stan dard (Szama³ek and Wierchowiec, 2015;
Sobczyk and Nieæ, 2017). This en ables the trans for ma tion of
geo log i cal de posit data (Re sources) into an eco nom i cally vi a ble 
and tech ni cally re cov er able base of re cov er able min er als
(Reserves).

DIGITAL DEPOSIT MODEL, TUNNEL DEVELOPMENT PLAN 
AND EXTRACTION SCHEDULE

A dig i tal geo log i cal model of a de posit is a spa tial rep re sen -
ta tion of a min eral de posit, re flect ing its lo ca tion, ge om e try and
qual i ta tive vari abil ity. It serves as an in te gra tion plat form, com -
bin ing var i ous geo log i cal data (Fig. 2) and in ter pre ta tions in or -
der to ob tain a pre cise, three-di men sional de scrip tion of the de -
posit struc ture. Such an in te grated ap proach al lows for the cre -
ation of a co her ent pic ture of the geo log i cal struc ture and
planned ex ca va tions, while also pro vid ing in for ma tion about po -
ten tial ex ploi ta tion risk fac tors. The dig i tal de posit model is now
a stan dard tool for pre sent ing the re sults of geo log i cal as sump -
tions and plan ning anal y ses, and its use is cru cial for min ing
plan ning sys tems, sup port ing de ci sion-mak ing pro cesses at all
stages of the mine life cy cle (Galica, 2023).

The pre lim i nary step be fore mod el ling is to or ga nize and
val i date geo log i cal ob ser va tions to cre ate a geo log i cal da ta -
base. At this stage, it is cru cial to stan dard ize and ver ify the ac -
cu racy of the data col lected, in clud ing the de vel op ment of rules
de fin ing ac cept able val ues and dic tio nar ies for lithological and
strati graphic di vi sions (Sosnowski, 2020). The mod el ling pro -
cess is pre ceded by a sta tis ti cal anal y sis of the source data,
which serves to better un der stand the de posit and to val i date
sub se quent es ti mates. This anal y sis al lows the char ac teri za -
tion of geo log i cal and min ing pa ram e ter dis tri bu tions and the
iden ti fi ca tion of mu tual cor re la tions. For ex am ple, in the data
ana lysed on coal qual ity, a strong neg a tive cor re la tion be tween
cal o rific value and ash con tent and a sig nif i cant cor re la tion be -
tween ap par ent den sity and ash con tent are com monly ob -
served (Fig. 3). Sim i lar re la tion ships were also ob served, for in -
stance, in Pol ish brown-coal mines (Kozula and Mazurek,
1996).

The con struc tion of a de posit model be gins with the de vel -
op ment of a struc tural model, which is the ba sic geo met ri cal
frame work rep re sent ing the struc ture of the de posit. This model 
cre ates a set of sur faces sep a rat ing in di vid ual geo log i cal units,
de ter mined on the ba sis of the in ter pre ta tion of bound aries
iden ti fied in geo log i cal bore holes and ob ser va tional data from
un der ground work ings. In the case of lay ered de pos its, the
mod el ling pro cess ad di tion ally in volves de fin ing the re la tion -
ships be tween units and sep a rat ing higher-or der units, such as
strata lay ers, within which re gional trends in the oc cur rence,
thick ness and con ti nu ity of lay ers are main tained. With re gard
to seam de pos its, the struc tural model pri mar ily de ter mines the
ge om e try of the floor and roof of in di vid ual seams, which form
the ba sis for fur ther mod el ling of the qual ity pa ram e ters of the
min eral (Golda et al., 2024). It is es sen tial to con sider tec tonic
dis tur bances, such as faults (Fig. 4), which, through their geo -
met ri cal pa ram e ters, de ter mine the con ti nu ity and fi nal shape of 
the seams. The struc tural model also re flects sed i men tary dis -
tur bances, in clud ing layer splits, wash outs and wedg ing, which
are im por tant fac tors in flu enc ing the vari abil ity of the de posit
struc ture.

A nu mer i cal model for es ti mat ing de posit pa ram e ters is cre -
ated us ing the struc tural model. In the case of seam de pos its,
es pe cially hard coal of small thick ness, grid mod els are com -

Eugeniusz Jacek Sobczyk et al. / Geological Quarterly, 2025, 69, 63 3

https://doi.org/10.1515/gospo-2015-25
https://doi.org/10.2478/ntpe-2020-0015
https://doi.org/10.1051/e3sconf/202452601007
https://min-pan.krakow.pl/dzialalnosc-naukowa/wp-content/uploads/sites/7/2021/10/Cyfrowy-model-geoligiczny-z%C5%82o%C5%BCa-jako-narz%C4%99dzie-wspomagania-decyzji-w-dzia%C5%82alno%C5%9Bci-kopalni-w%C4%99gla-kamiennego.pdf


4 Eugeniusz Jacek Sobczyk et al. / Geological Quarterly, 2025, 69, 63

Fig. 2. Vi su al iza tion of sur face bore holes, un der ground bore holes and geo log i cal pro files used for mod el ling the de pos its
 of one of Pol ish hard coal mine (screenshot from Datamine Minescape soft ware)

Fig. 3. Shapiro-Wilk test re sults and Spearman rank cor re la tion co ef fi cient for hard coal qual ity pa ram e ter 
data from one Pol ish mine



monly used. Block mod els are pre ferred for mas sive de pos its
or seams with sig nif i cant thick nesses. Grid mod els (of ten clas -
si fied as 2.5D mod els) de scribe seam de pos its us ing the roof
and floor sur faces and sur faces de scrib ing qual ity pa ram e ters,
al low ing the ge om e try and thick ness of the seam to be mapped
with out fully discretising its vol ume. In con trast, block mod els
(3D) di vide the en tire de posit space into reg u lar vol u met ric el e -
ments, which al lows for de tailed map ping of pa ram e ter vari abil -
ity within the de posit, but this re quires sig nif i cantly greater com -
pu ta tional re sources. Grid mod els are a fully ad e quate so lu tion
for pro duc tion plan ning from de pos its ex ploited across the en -
tire thick ness of the seam, as the out put then cov ers its en tire
ver ti cal cross-sec tion, and in ter nal lithological and qual ity vari a -
bil ity has no sig nif i cant im pact on the fi nal, av er aged pa ra m e -
ters of the min eral (Unver, 2018).

In the meth od ol ogy adopted, coal thick ness (with out rock
part ings) and the thick ness of the over bur den it self con sti tute
in te gral, sep a rately mod elled struc tural el e ments. Qual ity pa -
ram e ters (e.g., cal o rific value, ash con tent) are then in ter po -
lated onto the model pre pared in this way. The key here is to
closely link the sam pling in ter val (e.g., fur row sam pling) with the 

lithological pro file of the seam. This al lows for an un am big u ous
def i ni tion of whether the sam ple rep re sents only coal or also in -
cludes bar ren rock part ings (those mod elled with a thick ness
usu ally >5 cm). This as pect is im por tant for the pro cess of av er -
ag ing sam ples to the thick ness of the mod elled lay ers. Cor rect
es ti ma tion of the qual ity pa ram e ters of the run-of-mine (which
are the re sult of the pa ram e ters of pure coal and im pu ri ties)
plays an im por tant role in the fur ther stages of the meth od ol ogy, 
re quir ing strict doc u men ta tion of the con di tion of the sam ple
(e.g., air-dry con di tion, an a lyt i cal con di tion) on which the lab o ra -
tory tests were per formed (Ta ble 1).

The min eral qual ity model is cre ated by in ter po lat ing point
es ti mates of de posit qual ity. Var i ous meth ods are used to
model the spa tial dis tri bu tion of pa ram e ters, but geostatistical
meth ods (e.g., point kriging for isoline maps, block kriging for
geo log i cal or ex trac tion blocks) are pre ferred (Mucha, 1994;
Kokesz, 2003). These are based on the anal y sis of spa tial vari -
abil ity struc ture us ing a semivariogram and al low the es ti ma tion
of pa ram e ter val ues with min i mal es ti ma tion er ror and de ter mi -
na tion of the value of this er ror in the form of an er ror map. This
gives them a sig nif i cant ad van tage over sim pler de ter min is tic
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T a  b l e  1

Mod elled qual ity pa ram e ters of the de posit and their sam ple con di tions
 in one Pol ish hard coal mine

No. Min eral qual ity pa ram e ter Sym bol in the
de posit model Unit Sam ple con di tion

1 Ash con tent aa % AD – Air Dried

2 Spe cific den sity da g/cm3 AD – Air Dried

3 Ap par ent den sity dr g/cm3 AR – As Re ceived

4 Cal o rific value qia kJ/kg AD – Air Dried

5 To tal sul phur con tent sa % DB – Dry Ba sis

6 Vol a tile mat ter vf % DAF – Dry Ash Free

7 An a lyt i cal mois ture con tent wa % AD – Air Dried

8 Sur face mois ture con tent wx % DB – Dry Ba sis

Fig. 4. Fault planes taken into ac count in a de posit model of one Pol ish mine
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interpolators, such as the in verse dis tance method, be cause
de ter min is tic mod els do not pro vide a sta tis ti cal mea sure of un -
cer tainty (vari ance) as so ci ated with the es ti ma tion.

The re sult of the de posit mod el ling stage is an in te grated
nu mer i cal model (mesh or block), con tain ing the spa tial dis tri -
bu tion of es ti mated geo log i cal and qual ity pa ram e ters. It forms
the ba sis for re source es ti ma tion and for the de sign and sched -
ul ing of ex ploi ta tion plans (Cichowlas and Malinowski, 2024).
Cru cially, a model based on geostatistical meth ods also in -
cludes quan ti fied un cer tainty (e.g., in the form of es ti ma tion
vari ance) for key pa ram e ters. This in for ma tion con trib utes di -
rectly to the sub se quent stages of the meth od ol ogy, en abling
the de vel op ment and eval u a tion of var i ous de posit de vel op -
ment op tions.

The fin ished geo log i cal model forms the ba sis for the de vel -
op ment and eval u a tion of de posit de vel op ment op tions. At this
stage, con sid er ing the tech ni cal and eco nomic as sump tions
adopted (e.g., min i mum ex ploit able thick ness, tech nol ogy
used, pro duc tion tar gets), ac cess and pre pa ra tory works as
well as the ge om e try of the mine work ings are de signed. The
dig i tal model of the de posit sig nif i cantly fa cil i tates vari ant anal y -
sis, al low ing for a quick anal y sis of many pos si ble ways of de -
vel op ing the de posit or for the op ti mi sa tion of the min ing ex ca -
va tion de sign in re la tion to the geo log i cal con di tions iden ti fied,
e.g., in or der to avoid zones of tec tonic dis tur bance or maxi mise 
ex trac tion from ar eas with the de sired qual ity pa ram e ters (Ko -
pacz et al., 2020).

The de vel oped de posit de vel op ment vari ant is then sub -
jected to the pro cess of sched ul ing of min ing and pro duc tion.
Sched ul ing must take into ac count pro duc tion tar gets and con -
straints re sult ing from geo log i cal and min ing con di tions as well
as the avail abil ity of pro duc tion re sources (e.g., min ing de part -
ments or min ing ma chines; Kulpa et al., 2024).

The re sult of this pro cess is a dig i tal pro duc tion sched ule,
which dy nam i cally fore casts the quan tity and qual ity of the min -
eral mined , as well as the amount of min ing work per formed, for 
spe cific pe ri ods (e.g., monthly or an nu ally). Such a de tailed
sched ule pro vides the nec es sary tech ni cal in for ma tion that is
cru cial for as sess ing the geo log i cal and min ing con di tions of ex -
ploi ta tion. This data is also nec es sary to gen er ate rev e nue and
cost streams, which form the basis for assessing economic
efficiency.

IMPACT OF GEOLOGICAL AND MINING NUISANCE 
ON EXTRACTION PROCESS

The sec ond stage of the meth od ol ogy in volves con struct ing 
mod els of the im pact of ad verse geo log i cal and min ing con di -
tions on the ex ploi ta tion pro cess. This is a nec es sary step be -
cause the geo log i cal model it self, and the min ing ex ca va tion
de sign and sched ule de vel oped on its ba sis, de scribe the de -
vel op ment plan, but they do not quan tify the risks or dif fi cul ties
of its im ple men ta tion for in di vid ual ex ploi ta tion par cels. These
dif fi cul ties are a key risk fac tor that di rectly af fects op er at ing
costs and, con se quently, the prof it abil ity of the pro ject. In or der
to ob jec tively as sess the nui sance of the geo log i cal and min ing
con di tions of the ex ploi ta tion pro cess, the meth od ol ogy uses
the math e mat i cal multi-cri te ria de ci sion-mak ing method AHP
(An a lytic Hi er ar chy Pro cess) and mul ti di men sional com par a -
tive anal y sis (Fig. 5). The use of the AHP method in hard coal
min ing has been ex ten sively de scribed in pub li ca tions by
Sobczyk (2008; Sobczyk et al., 2022).

The rel a tive im por tance (weights) of in di vid ual cri te ria in the
AHP hi er ar chy is de ter mined on the ba sis of struc tured ex pert
as sess ments. Spe cial ists with in-depth knowl edge of ge ol ogy,

min ing and eco nom ics (sci en tists, en gi neers and man age ment
staff) play a key role in this pro cess. The pair com par i son
method is used, whereby ex perts com pare each cri te rion with
ev ery other cri te rion at the same level of the hi er ar chy in terms
of their im pact on the next cri te rion above in the hi er ar chy.
These as sess ments are quan ti fied us ing Saaty's fun da men tal
nine-point scale, which al lows sub jec tive but struc tured as sess -
ments to be math e mat i cally con verted into a con sis tent vec tor
of pri or i ties (rel a tive weights) for each el e ment of the model
(Saaty, 2001). To en sure the re li abil ity of the re sults, a con sis -
tency ra tio is cal cu lated, which al lows the log i cal con sis tency of
the com par i sons made by the ex perts to be ver i fied.

The fi nal re sult of stage 2 is the def i ni tion, based on the
mod els de vel oped, of syn thetic in di ca tors of ex ploi ta tion nui -
sance. This in di ca tor quan ti fies the level of ex ploi ta tion risk in
in di vid ual ex ploi ta tion par cels. It is not an aim in it self, but con -
sti tutes a key in put pa ram e ter for stage 3, i.e. the eco nomic as -
sess ment of re sources. In ac cor dance with the meth od ol ogy,
the cal cu lated in di ca tors will be taken into ac count when es ti -
mat ing the re quired dis count rate in the dis counted cash flow 
anal y sis, which al lows for a re al is tic link be tween the quan ti fied
geo log i cal and min ing risk and the fi nan cial as sess ment of the
pro ject.

ECONOMIC ASSESSMENT 
OF RESOURCE BASE

Eco nomic ver i fi ca tion of re sources in volves con duct ing a
prof it abil ity anal y sis for each coal field to de ter mine whether it
meets the cri te ria for an EPE. An EPE is un der stood to be a
sec tion of a de posit, sep a rated by geo log i cal dis tur bances,
safety pil lars or le gal bor ders, which can be ex tracted in an eco -
nom i cally vi a ble man ner (Kopacz et al., 2020; Malinowski et al.,
2025). In re la tion to hard coal min ing, an EPE is a set of min ing
faces drawn within a coal field (plot), as sessed in di vid u ally in
terms of their tech no log i cal and eco nomic po ten tial. Us ing ded i -
cated min ing de sign tools (soft ware), an op ti mised lay out of
long wall work ings is sim u lated, chang ing their geo met ri cal pa -
ram e ters in or der to com ply with min ing de sign prin ci ples and to 
cover the larg est pos si ble area of the par cel and the re sources
avail able therein, while mini mis ing the costs nec es sary for its
ex trac tion.

The dis counted cash flow method was used to carry out this
as sess ment, and the net pres ent value (NPV) was adopted as
the ba sic de ci sion cri te rion (the cri te rion NPV = 0 was rec og -
nized as a suf fi cient con di tion for de ter min ing the eco nomic ef fi -
ciency of the re serves base in the our method; we don't need to
com pare the level of in ter nal rate of re turn do the value of dis -
count rate for the de ci sion-mak ing pro cess). The sta tus of an
EPE is granted to plots for which the cal cu lated and risk-ad -
justed NPV is pos i tive (NPV >0), which means that their ex trac -
tion will be profitable in a model scenario.

To de ter mine the EPE, it is nec es sary to use a pre vi ously
de vel oped dig i tal geo log i cal model. The mul ti tude of de ci sion -
-mak ing fac tors and the com plex ge om e try of the de pos its
make it dif fi cult to di rectly ex press the ob jec tive func tion for an
ef fec tive par cel. Ob tain ing data from the model en ables the es -
ti ma tion the pa ram e ters of the min ing par cel to be au to mated,
and thus al lows check ing of min ing vari ants in a man ner close
to the heuristics of a full re view. For the pur poses of op ti mis ing
the place ment of in di vid ual faces, a ded i cated tool has been de -
vel oped that works on the de posit data struc ture in Deswik soft -
ware. In this pro cess, hun dreds of lay outs of in di vid ual faces in
a given par cel are gen er ated, and the best vari ants are se -
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lected. NPV as a cri te rion can not be used at this stage, as lay -
outs do not yet have an as signed a date of min ing, and NPV re -
quires a time pa ram e ter to be cal cu lated. In stead, as an in ter -
me di ate cri te rion, we pro pose the unit net mar gin of the coal
mined within the vari ant.

De ter min ing the EPE re quires the con struc tion of a ded i -
cated eco nomic ef fi ciency as sess ment model which con sid ers
all rel e vant in ter nal and ex ter nal con di tions af fect ing the op er at -
ing mar gin and to tal cash flows over the life of the parcel. 

The unit net mar gin was de ter mined us ing the fol low ing for -
mula:

 M
W K

M
e

s e

s

=
-

where: Me – unit net mar gin of the vari ant (PLN/tonnes); Ws – prod -
uct sales rev e nue (PLN); Ke – ex ploi ta tion cost in the vari ant (PLN);
Ms  – ex tracted re source mass (tonnes). 

The value of the raw ma te rial is de ter mined as the prod uct
of the weight of the ex tracted raw ma te rial and its price, which is
equal to its stock mar ket price ad justed by the qual ity pa ram e ter 
vari abil ity of the min eral con tained in the de posit (this in for ma -
tion co mes from a dig i tal model of the de posit qual ity) (Gru -
dziñski, 2009).

The ex trac tion (ex ploi ta tion) costs in this method are the
sum of three groups of costs ag gre gated from 20 pro cesses
sep a rated in the pro cess-based ap proach to ex ploi ta tion costs
(Kopacz, 2015):

– Di rect ex ploi ta tion costs – these in clude vari able costs di -
rectly at trib ut able to a given long wall, de ter mined as the
prod uct of the num ber of days of min ing and the ex ploi ta tion 
costs con verted into work ing days.

– The costs of de vel op ment ex ca va tions, which are the prod -
uct of the length of the de vel op ment tun nels in the plot and
their unit ex ca va tion costs, de pend ing on the pur pose of the 
ex ca va tions. This group in cludes only ex ca va tions car ried
out di rectly for the needs of a sin gle plot.

– Plant main te nance cost mark-up, de ter mined as the ra tio of
the an nual plant main te nance costs to the num ber of days
needed to ex tract the par cel, di vided by the av er age num -
ber of long wall faces planned to be mined in par al lel at the
plant. The method of de ter min ing the mark-up is given in the 
for mula:
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where: NKz – min ing plant main te nance cost mark-up on ex ploi ta tion 
plot (PLN); Kz – yearly costs of min ing plant op er at ing cost, ex clud -
ing costs of group I and II (PLN/year); wœn – long wall n length (m); pn

–  av er age long wall ex trac tion ad vance (m/d); nr – num ber of long -
walls ex tracted in par al lel ac cord ing to the min ing sched ule (-).

An other el e ment of this pro cess is con sid er ing the con tam i -
na tion of the ex ca vated ma te rial with waste rock, which di rectly
af fects both rev e nue (through the qual ity of the com mer cial
prod uct) and cost (trans port, pro cess ing, stor age of waste
rock). This meth od ol ogy takes into ac count both con tam i na tion
re sult ing from waste rock part ings iden ti fied in the geo log i cal
model and off-de posit ad di tions, mainly from roof overburden
and development and works. 

The idea of de ter min ing re sources in a par cel within the
EPE con cept is shown in Fig ure 6.

Once the pa ram e ters for in di vid ual par cels have been de -
ter mined, it is pos si ble to draw up a com plete min ing sched ule,
which al lows for the use of the NPV in di ca tor, which takes into
ac count the loss of value of money over time. 

The rev e nue stream is de ter mined on the ba sis of the ex -
ploi ta tion sched ule de vel oped, which de fines the vol ume of pro -
duc tion and the qual ity of coal over time, which, in con junc tion
with the fore cast prices, al lows for the es ti ma tion of fi nan cial in -
flows. At the same time, the cost stream, in clud ing cap i tal ex -
pen di ture (CAPEX) and op er at ing costs (OPEX), is es ti mated
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on the ba sis of the de posit de vel op ment variant developed at
the same stage.

In in vest ment pro jects, the start ing point for eco nomic as -
sess ment is the ref er ence dis count rate, most of ten de ter mined 
us ing the Weighted Av er age Cost of Cap i tal (WACC) method
for the en tire de posit. An im por tant el e ment of the pro posed
meth od ol ogy is the dif fer en ti a tion of this as sess ment and the
de par ture from the use of a sin gle, av er age dis count rate for all
parts of the de posit and the en tire pro ject pe riod. For this pur -
pose, a nui sance in dex is used, cal cu lated for each plot in stage 
2, which re fers to a value re flect ing the av er age risk of the de -
posit. The rel a tive risk dif fer ence cal cu lated in this way is used
to ad just the base pre mium for spe cific pro ject risk. As a re sult,
a par cel with a higher nui sance in dex than the ref er ence value
re ceives a cor re spond ingly higher dis count rate, which pro por -
tion ally re duces its NPV. At the el e men tary level, this ad just -
ment ap plies to each in di vid ual work ing face that is part of a
given par cel, and the risk of the parcel becomes a derivative of
the risk of the individual longwalls.

The col lec tion of all EPE par cels iden ti fied in this way forms
the quan ti ta tive ba sis for the Dy namic Re source Base (DBZ).
This con cept is based on the as sump tion that the DBZ is de ter -
mined within the lim its of safe and prof it able ex ploi ta tion car ried
out at an ac cept able level of risk for a given in vest ment pro ject.
The DBZ con cept thus as sumes that the amount of re sources in
a de posit is dy namic – it re mains de pend ent on vari able in ter nal
and ex ter nal mar ket con di tions af fect ing both op er at ing costs
and rev e nues from the sale of raw ma te ri als. It is there fore linked
to the the o ret i cal foun da tions of dy namic re source the ory and ra -
tio nal min eral de posit man age ment (Szama³ek, 2011).

The use of a dig i tal ex ploi ta tion model makes it pos si ble to
test many vari ants of the or der in which in di vid ual par cels are
ex tracted and to search for the vari ant with the high est to tal
NPV. How ever, many vari ants of the or der must be ex cluded for 
safety rea sons or in or der to avoid de stroy ing the de posit by
undercutting. 

The meth od ol ogy al lows for sen si tiv ity anal y sis to be car ried 
out, e.g. de pend ing on changes in mar ket coal prices, which
dem on strates the dy namic na ture of the ap proach. This al lows
for pro duc tion plan ning in coal fields with full aware ness of the
com plex ity of geo log i cal and min ing con di tions and the re sult ing 
eco nomic con se quences, and, as a re sult, for the de vel op ment
of mine de vel op ment plans based on the economic value of the
deposits.

RESOURCE CLASSIFICATION IN ACCORDANCE 
WITH THE JORC CODE 

The next and fi nal stage of the meth od ol ogy in volves the
pos si bil ity of re port ing re sources in ac cor dance with the in ter na -
tional JORC Code stan dard. This stan dard dis tin guishes be -
tween two cat e go ries of solid min eral con cen tra tions: Re so -
urces (com pa ra ble to Pol ish in dus trial re sources) and Re serves 
(re cov er able re sources that can be re lated to op er a tional re -
sources or even com mer cial coal vol ume) (Sobczyk and Nieæ,
2017).

The clas si fi ca tion of the Re sources cat e gory is based on
the de gree of geo log i cal rec og ni tion and cer tainty of es ti ma tion, 
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which re sult from the geo log i cal model and the char ac ter is tics
of the source data on which it is based (Fig. 7).

The tran si tion from the Re sources cat e gory to the Re serves 
cat e gory re quires the ap pli ca tion of so-called Mod i fy ing Fac -
tors. These in clude tech ni cal, eco nomic, le gal, en vi ron men tal
and so cial as pects that dem on strate that ex trac tion is fea si ble
and prof it able (Sobczyk and Nieæ, 2017). In the meth od ol ogy
pro posed, stage 2 and stage 3 con sti tute a quan ti ta tive and ob -
jec tive de ter mi na tion of these fac tors. Iden ti fy ing a par cel as an
EPE, i.e. an area with a pos i tive risk-ad justed NPV, rep re sents
the re quired proof of the eco nomic vi a bil ity of ex trac tion.

The fi nal stage is a syn the sis of the en tire meth od ol ogy, en -
abling the pre cise con ver sion of Re sources into Re serves. The
con ver sion pro cess fol lows the fol low ing prin ci ple: part of the
mea sured geo log i cal re sources (Mea sured) that ob tained EPE
sta tus in stage 3 are clas si fied as Proved Re serves. Sim i larly,
part of the in di cated geo log i cal re sources that met the EPE cri -
te ria are clas si fied as Prob a ble Re serves. Re sources with the
low est de gree of rec og ni tion, be long ing to the in ferred cat e -
gory, are not con verted into re cov er able re sources (Sobczyk
and Nieæ, 2017). In this way, the fi nal sum mary of re cov er able
re sources – com pris ing the sum of proven and prob a ble re -
sources – con sti tutes a quan ti ta tive rep re sen ta tion of the DBZ,
de vel oped in ac cor dance with in ter na tional stan dards.

LEGAL AND ORGANIZATIONAL ASPECTS OF INTRODUCING
THE INNOVATIVE RESOURCE MANAGEMENT MODEL 

The im ple men ta tion of an in no va tive model for man ag ing
hard coal de pos its based on the con cept of a DBZ and EPE re -

quires not only the de vel op ment of ad vanced an a lyt i cal tools
and as sess ment meth od ol o gies, but also the cre ation of an ap -
pro pri ate le gal frame work and sys tem in fra struc ture. The cur -
rent in sti tu tional and le gal con di tions in Po land, al though pro -
vid ing the ba sis for min ing ac tiv i ties, do not fully take into ac -
count the needs of mod ern, dy namic re source man age ment in
the con text of en ergy tran si tion and in ter na tional re port ing stan -
dards. The sec tion be low iden ti fies key le gal and sys temic bar ri -
ers and for mu lates pro pos als for leg is la tive and or ga ni za tional
changes necessary for the effective implementation of the
model proposed.

INSTITUTIONAL AND LEGAL CONDITIONS 
OF DBZ AND EPE IMPLEMENTATION 

The cur rent le gal frame work gov ern ing min eral re source
man age ment in Po land is based pri mar ily on the pro vi sions of
the Geo log i cal and Min ing Law (Ustawa z dnia 9 czerwca 2011
r. – Prawo geologiczne i górnicze, 2011: in Polish). This Act de -
fines the ba sic cat e go ries of re sources (geo log i cal re sources,
bal ance re sources, in dus trial re sources) and sets out the rules
for their doc u men ta tion, re cord ing and re port ing. How ever, de -
spite many years of op er a tion, this sys tem shows sig nif i cant
dis crep an cies with in ter na tional re source clas si fi ca tion stan -
dards, in par tic u lar the JORC Code, which is be com ing the de
facto global benchmark for investors and financial institutions.

The main le gal bar rier is the lack of clear def i ni tions and pro -
ce dures for doc u ment ing geo log i cal re sources in the Re -
sources/Re serves sys tem in the Pol ish sys tem that are con sis -
tent with the JORC Code. The Pol ish clas si fi ca tion is based

Eugeniusz Jacek Sobczyk et al. / Geological Quarterly, 2025, 69, 63 9

Fig. 7. Di a gram of clas si fi ca tion of solid min eral de pos its ac cord ing to JORC Code

https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20111630981


mainly on the geo log i cal de gree of de posit rec og ni tion (A, B,
C1, C2), while the JORC Code re quires a wide range of mod i fy -
ing fac tors (tech ni cal, eco nomic, le gal, en vi ron men tal and so -
cial) to be taken into ac count. In the case of ex ploit able re -
serves, some of these fac tors are al ready re flected in the de -
posit de vel op ment plan (PZZ) and the min ing plant op er a tion
plan, but they do not di rectly cre ate a for mal equiv a lent of the
Re serves cat e gory as de fined in the JORC Code. The con cept
of DBZ and EPE, which in te grates geo log i cal and tech ni cal-
 eco nomic as sess ment, points to the need to clar ify the rules for
re port ing re sources and reserves in Poland and to introduce
mechanisms for their dynamic updating.

An other im por tant in sti tu tional fac tor is the struc ture of su -
per vi sion over the man age ment of min eral de pos its. This su -
per vi sion is ex er cised by geo log i cal ad min is tra tion bod ies
(sub or di nate to the Min is ter of Cli mate and En vi ron ment) and
min ing su per vi sion bod ies. The Min is ter of En ergy, re spon si -
ble for the state's raw ma te ri als and en ergy pol icy and the ra -
tio nal man age ment of stra te gic min eral re sources, and the
Chief Ge ol o gist of the Coun try play a key role. On the min ing
su per vi sion side, the State Min ing Of fice and re gional min ing
au thor i ties are of fun da men tal im por tance. The di vi sion of
com pe tences be tween these in sti tu tions, in clud ing the sep a -
ra tion of re spon si bil i ties be tween the Min is try of En ergy, the
geo log i cal ad min is tra tion and min ing su per vi sion, does not al -
ways fa vour a com pre hen sive, in te grated ap proach to re -
source man age ment at the op er a tional level of the mine. Geo -
log i cal doc u men ta tion of de pos its, which forms the ba sis for
de ter min ing re sources (and is a tool for im ple ment ing the
state's raw ma te ri als pol icy), is pre pared by li censed ge ol o -
gists act ing on be half of en tre pre neurs or other authorised en -
ti ties, and then ap proved by the com pe tent geo log i cal ad min -
is tra tion au thor i ties. On the other hand, min ing op er a tion
plans, which spec ify the ac tual method of ex ploi ta tion, are
sub ject to ap proval by the min ing su per vi sion au thor i ties. The
lack of mech a nisms for con tin u ous, for mal co or di na tion be -
tween these pro cesses – with the par tic i pa tion of the Min is try
of En ergy as the en tity re spon si ble for the con sis tency of raw
ma te ri als pol icy – hin ders the im ple men ta tion of the DBZ con -
cept, which re quires dy namic syn chro ni za tion of geo log i cal in -
for ma tion with op er a tional plan ning and eco nomic as sess -
ment.

The cur rent re port ing re quire ments for re sources and pro -
duc tion, based on static an nual re source bal ances, re flect the
in for ma tion pro vided by com pa nies in ac cor dance with cur rent
reg u la tions. The lim i ta tions stem pri mar ily from the cur rent form 
of the reg u la tions, in par tic u lar those con cern ing the de posit de -
vel op ment plan, which do not pro vide for mech a nisms for sys -
tem atic, dy namic up dat ing of eco nom i cally vi a ble re sources for
ex trac tion. This struc ture of the sys tem hin ders full trans par -
ency in re source man age ment and flex i ble pro duc tion de ci -
sions adapted to changing market and technical conditions.

The im ple men ta tion of the DBZ and EPE mod els there fore
re quires a change in the reg u la tory par a digm – a shift from
static, bu reau cratic re port ing of re source vol umes ac cord ing to
fixed geo log i cal cat e go ries to dy namic, con tin u ous re source
man age ment that takes into ac count their eco nomic vi a bil ity
and op er a tional risk. This re quires not only up dat ing the law, but 
also chang ing the or ga ni za tional cul ture in the in sti tu tions su -
per vis ing the mining sector and in the mining companies them -
selves.

NEED FOR UPDATE OF LAW IN THE CONTEXT 
OF THE JORC CODE AND DIGITAL DEPOSIT MODELLING

The har mo ni za tion of the Pol ish sys tem for clas si fy ing and
doc u ment ing min eral re sources with the JORC Code stan dard
is a key el e ment en abling the im ple men ta tion of the DBZ and
EPE con cepts. The JORC Code stan dard, de vel oped by the
Joint Ore Re serves Com mit tee, is rec og nized as one of the
lead ing in ter na tional codes for re port ing min eral re sources.
Adopt ing this stan dard in Pol ish geo log i cal and min ing law
(even as an op tion for par al lel use along side the cur rent Pol ish
clas si fi ca tion sys tem) would bring a num ber of ben e fits, in clud -
ing in creased trans par ency and cred i bil ity of re source in for ma -
tion for in ves tors, eas ier ac cess to in ter na tional cap i tal mar kets, 
and the pro mo tion of ra tio nal de posit man age ment (Moore and
Friederich, 2021).

In the long term, it would be de sir able to in tro duce the cat e -
gory of "re serves ac cord ing to in ter na tional stan dards" into the
Geo log i cal and Min ing Law, doc u mented in ac cor dance with
the JORC Code or equiv a lent stan dards. How ever, amend ing
the law is a com plex pro cess and un likely in the short term.
There fore, it is par tic u larly im por tant to be able to adapt the im -
ple ment ing pro vi sions un der the au thor ity of the Chief Ge ol o gist 
of the Coun try – in par tic u lar the rules for pre par ing geo log i cal
doc u men ta tion and PZZ – so as to en able the grad ual im ple -
men ta tion of so lu tions in line with the JORC Code phi los o phy
without the need for immediate amendment of the Act itself. 

A key el e ment of this cat e gory would be the con cept of the
EPE, which con sti tutes the ba sic unit for as sess ing min ing prof -
it abil ity. The re sources con tained within par cels that meet the
EPE cri te ria (pos i tive NPV with risks taken into ac count) would
form the ba sis for re port ing extractable re sources (Re serves)
and would be sub ject to on go ing up dates as tech ni cal, eco -
nomic and market conditions evolve.

NEED FOR INTEGRATION OF GEOLOGICAL 
AND MINING DATA

Ef fec tive im ple men ta tion of the Dy namic Re source Base
con cept re quires close in te gra tion of geo log i cal data – char ac -
ter iz ing the struc ture and qual ity of the de posit-with min ing data
that de scribe the course and pa ram e ters of ac tual ex trac tion. In
cur rent prac tice in Pol ish hard coal mines, these datasets are
typ i cally col lected and man aged in sep a rate IT sys tems, which
makes their com bined anal y sis and use for dy namic pro duc tion
plan ning and resource management more difficult.

Geo log i cal data, in clud ing drill ing re sults, geo phys i cal logs,
coal qual ity tests, and in ter pre ta tions of de posit struc ture, form
the ba sis for build ing dig i tal geo log i cal mod els. These data are
usu ally stored in spe cial ized geo log i cal da ta bases or de posit -
-mod el ling soft ware sys tems (e.g., MineScape, Surpac, Micro -
mine, Deswik, Leap frog). On the other hand, min ing data re -
lated to the prog ress of min ing op er a tions, the lo ca tion of work -
ings, the ad vance of long wall faces, the vol ume and qual ity of
out put, and op er a tional pa ram e ters (pro duc tiv ity, down time,
costs) – are re corded in IT sys tems used for pro duc tion man -
age ment, op er a tional plan ning, and min ing re port ing. Ad di tion -
ally, im por tant in for ma tion on min ing con di tions, such as the oc -
cur rence of nat u ral haz ards (meth ane, rockburst, wa ter haz -
ards), is doc u mented in haz ard-mon i tor ing sys tems and in da -
ta bases main tained by mine op er a tions de part ments.
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The in te gra tion of geo log i cal and min ing data is a nec es sary 
con di tion for re al iz ing the Dy namic Re source Base con cept, as
it en ables the trans for ma tion of static geo log i cal doc u men ta tion 
into dy namic tools for pro duc tion and re source man age ment
that re spond in real time to chang ing operational and market
conditions.

ROLE OF DIGITAL MODELS IN RESOURCE 
MANAGEMENT

Ef fec tive im ple men ta tion of the DBZ and EPE con cepts is
not pos si ble with out the sup port of ad vanced in for ma tion sys -
tems that in te grate geo log i cal, min ing, eco nomic and en vi ron -
men tal data and en able com plex anal y ses and sim u la tions.
These sys tems must meet a range of func tional and tech ni cal
re quire ments in or der to ef fec tively sup port de ci sion-mak ing
pro cesses at var i ous lev els of mine man age ment, from op er a -
tional planning to strategic investment decisions.

The foun da tion of an in for ma tion sys tem sup port ing re -
source man age ment un der the DBZ con cept is ad vanced geo -
log i cal-mod el ling and mine-plan ning soft ware. Such sys tems
(e.g., MineScape, Deswik, Surpac, Vul can, Micromine) en able
the con struc tion of three-di men sional de posit mod els, the de -
sign of mine work ings, sched ul ing of min ing op er a tions, and es -
ti ma tion of pro duc tion vol ume and qual ity. A key re quire ment is
that this soft ware sup ports meth od ol o gies con sis tent with in ter -
na tional re source-clas si fi ca tion stan dards (JORC Code), in -
clud ing the abil ity to de fine and quan tify mod i fy ing fac tors and
to au to mat i cally gen er ate re ports com pli ant with these stan -
dards.

Equally im por tant is the im ple men ta tion of sys tems for the
eco nomic as sess ment of min ing pro jects, en abling fi nan cial
anal y ses us ing dis counted cash flow meth ods at the level of in -
di vid ual ex trac tion par cels. These sys tems must be tightly in te -
grated with geo log i cal mod els and pro duc tion sched ules so that 
they can au to mat i cally gen er ate fore casts of rev e nues (based
on es ti mated out put vol ume and qual ity and pro jected coal
prices) and costs (CAPEX and OPEX cal cu lated from the tech -
ni cal pa ram e ters of mine work ings and as sumed unit op er at ing
costs). A key func tion al ity is the abil ity to dif fer en ti ate the dis -
count rate de pend ing on the risk level of in di vid ual par cels, es ti -
mated on the ba sis of indicators describing the severity of
geological and mining conditions.

ROLE OF GOVERNMENT ADMINISTRATION IN IMPLEMENTING
THE NEW MODEL 

Ef fec tive im ple men ta tion of an in no va tive re source man -
age ment model based on the DBZ and EPE con cepts re quires
ac tive in volve ment of the state ad min is tra tion at sev eral lev els:
leg is la tive, su per vi sory, ed u ca tional, and in the form of fi nan cial
and or ga ni za tional sup port. The en ergy tran si tion cur rently fac -
ing the Pol ish hard coal min ing sec tor makes this role par tic u -
larly im por tant, as de ci sions made in the com ing years will have 
a cru cial im pact on the coun try's en ergy se cu rity, the socio-eco -
nomic sit u a tion of min ing re gions, and the abil ity to use coal
deposit resources rationally during the transition period.

The DBZ con cept, thanks to its dy namic na ture and con sid -
er ation of a broad spec trum of mod i fy ing fac tors, pro vides a tool 
en abling ra tio nal and re spon si ble man age ment of the tran si tion 
pro cess, en sur ing that de ci sions re gard ing the con tin ued op er -
a tion or clo sure of in di vid ual mines are based on re li able eco -

nomic and geo log i cal anal y ses rather than on short-term po li t i -
cal calculations or social pressures.

CONCLUSIONS

An in no va tive con cept for man ag ing hard coal de pos its is
based on the in te gra tion of ad vanced dig i tal mod els, risk as -
sess ment, and eco nomic anal y ses. This ap proach en ables a
shift from short-term ex trac tion max i mi za tion to ward sus tain -
able, prof it able and rational deposit management.

The con cept pro posed re sponds to con tem po rary chal -
lenges re lated to eco nomic de car bon iza tion, price vol a til ity and
sup ply un cer tainty in raw ma te ri als mar kets, as well as de te ri o -
rat ing min ing con di tions. In the con text of the en ergy tran si tion,
EU reg u la tions, and the de clin ing share of coal in the na tional
en ergy mix, tra di tional meth ods of man ag ing hard coal deposits 
are proving insufficient.

The in no va tive con cept of hard coal re source man age ment
as sumes that the DBZ is de fined within the bound aries of safe
and prof it able ex trac tion car ried out at an ac cept able level of in -
vest ment risk. The DBZ con cept there fore dem on strates that
the quan tity of re cov er able re sources in a de posit is dy namic
and de pends on both in ter nal and ex ter nal – mar ket-driven –
fac tors that af fect op er at ing costs and rev e nue from coal sales.
A key el e ment of this con cept is the idea of the EPE, de fined as
a sep a rate part of the de posit that can be mined in an eco nom i -
cally vi a ble man ner, i.e., while maintaining a positive operating
margin.

The con cepts of the DBZ and the EPE ad dress the chal -
lenges of the en ergy tran si tion by en abling flex i ble, prof it able,
and safe pro duc tion plan ning un der vari able mar ket and geo -
log i cal con di tions. Their im ple men ta tion may sig nif i cantly con -
trib ute to in creas ing the ef fi ciency of the min ing sec tor, im prov -
ing Po land's en ergy se cu rity, and mit i gat ing the socio-economic 
impacts of the transition.

The core of the pro posed meth od ol ogy is a four-stage re -
search pro cess con sist ing of:

– Con struc tion of a dig i tal geo log i cal model of the de posit, en -
abling pre cise es ti ma tion of the quan ti ta tive and qual i ta tive
pa ram e ters of coal.

– As sess ment of the nui sance of geo log i cal-min ing con di -
tions, us ing the AHP to quan tify op er a tional risk.

– Eco nomic ver i fi ca tion of re sources, through dis counted
cash flow anal y sis and the de lin ea tion of EPEs.

– Re source clas si fi ca tion ac cord ing to the JORC Code, en -
abling the tran si tion from Re sources to extractable Re -
serves.
The con cept de vel oped al lows for the dy namic ad ap ta tion

of pro duc tion plans to chang ing coal prices, op er at ing costs,
geo log i cal con di tions and en vi ron men tal requirements.

Im ple men ta tion of the in no va tive re source-man age ment
con cept pro posed, across all hard coal mines, would make it
pos si ble to:

– Ra tio nally man age the de posit – thanks to pre cise mod el -
ling and eco nomic as sess ment, ir re vers ible re source losses 
can be avoided and ex trac tion can be planned to max i mize
eco nomic value at an ac cept able level of risk.

– Sup port the en ergy tran si tion – the DBZ en ables long-term
and fi nan cially sta ble mine-clo sure plan ning, min i miz ing
sud den socio-eco nomic dis rup tions and sup port ing the just
tran si tion of min ing re gions.
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– In crease ef fi ciency and en ergy se cu rity – im ple ment ing the
DBZ and EPE con cepts al lows for the op ti mi za tion of na -
tional coal re source uti li za tion, which is cru cial for the sta bil -
ity of the en ergy sys tem dur ing the tran si tion pe riod.
To ap ply the in no va tive re source-man age ment con cept to

the hard coal sec tor, pi lot DBZ pro jects must be im ple mented in 
se lected mines, fol lowed-af ter dem on strat ing the method's ef -
fec tive ness-by the adop tion of the con cept across all steam -
-coal mines. To achieve this, the fol low ing actions are required:

– Le gal and sys temic changes: Ef fec tive im ple men ta tion re -
quires align ing Pol ish geo log i cal and min ing law with in ter -
na tional stan dards (JORC Code), in tro duc ing mech a -
nisms for dy namic re source up dates, and in te grat ing geo -
log i cal, min ing and eco nomic data into a uni fied in for ma -
tion sys tem.

– Dig i ta li za tion and in sti tu tional co op er a tion: De ploy ment of
ad vanced dig i tal tools (e.g., Deswik, MineScape). The im -
ple men ta tion of a mod ern re source-man age ment model re -
quires close co op er a tion be tween state ad min is tra tion, min -
ing su per vi sory au thor i ties, and min ing en ter prises.

Ac knowl edge ments. The pub li ca tion was car ried out as
part of the GOSPOSTRATEG.IX-0016/22 pro ject en ti tled "Dy -
namic man age ment of de mand, pro duc tion, re source man age -
ment and lo gis tics of dis tri bu tion of hard coal in an econ omy im -
ple ment ing a de car bon iza tion en ergy mix". The pro ject is fi -
nanced by the Na tional Cen tre for Re search and De vel op ment
(Narodowe Centrum Badañ i Rozwoju, NCBR).
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