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Coal plays a fun da men tal role in global de vel op ment, but the coal min ing in dus try
ex erts im pact on the en vi ron ment, so ci ety, and econ omy. Kolubara Coal Com pany
pro duces about 30 mil lion tonnes of coal, and digs about 70 mil lion m3 of over bur -
den per year. The main re sult of sur face coal is cer tainly tak ing ag ri cul tural land,
so that sur face mines, which af fect large ar eas in Kolubara, about 100 hectars a
year, caus ing a num ber of prob lems re lated to the re culti va tion of de graded area
af ter coal ex trac tion.
The lig nite ex trac tion through the method of opencast min ing in Kolubara is about
60 years old. The pre vi ous ex ploi ta tion us age is char ac ter ised by the fact that the
dis posal of over bur den is made non-se lec tively, whereas the top soil layer is not be -
ing pre served. The re culti va tion is car ried out in par al lel with over bur den ex ca va -
tion. It is nec es sary to pre serve the fer tile soil layer through se lec tive ex ca va tion in
or der to bring the soil back to its pre vi ous pur pose – ag ri cul tural pro duc tion.
The ob jec tive of this pa per is mainly to point out the need for the fur ther ex pan sion
of the uti li sa tion of fos sil fu els, which in turn re duces the emis sion of CO2, and thus
re duces or pre vents global cli mate changes on Earth. In ad di tion to that, bring ing
back de te ri o rated ter rains to their pre vi ous pur pose – ag ri cul tural pro duc tion, or
the af for es ta tion – con trib utes to the main te nance of eco log i cal bal ance in na ture,
which then makes coal min ing sus tain able. 

Key words: mining, recultivation, sustainable development, economic
 development, environment, social responsibility

In tro duc tion

A widely ac cepted def i ni tion of sus tain able de vel op ment is de vel op ment that meets
the needs of the pres ent gen er a tion with out un der min ing the ca pac ity to meet fu ture gen er a -
tions’ needs. Sus tain able de vel op ment is a syn the sis of three fields of our ac tiv ity: eco nomic de -
vel op ment, en vi ron ment pro tec tion, and so cial re spon si bil ity. 

The open-pit min ing of lig nite is dis tinc tive through the fact that it re quires large ter -
rain sur faces. Lig nite is a type of coal which is rel a tively poor in qual ity and there fore mostly
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used for the pro duc tion of elec tri cal en ergy in ther mal power plants. In or der to make this pro -
cess cost-ef fi cient, it is nec es sary to achieve a high coal pro duc tion rate. On the other hand, a
high pro duc tion of elec tric ity and thereby of coal is sub ject to the en ergy de mands of mod ern so -
ci ety.

Ac cord ing to the IEA
World En ergy Out look 2007
(WEO 2007) ref er ence sce -
nario, “global pri mary en ergy
de mand is pro jected to in -
crease by 55.1% be tween
2005 and 2030, to a to tal of
17.721 mil lion tones of oil
equiv a lent (Mtoe)”. Fig ure 1
rep re sents en ergy de mand
changes ac cord ing to two sce -
nar ios for 2030. All of the en -
ergy growth fore casts have
ma jor CO2 emis sion con se -
quences. The WEO 2007 ref -
er ence sce nario sees CO2

emis sions in crease from 26.6
gigatonnes CO2 (GtCO2) in

2005 to 34.1 GtCO2 in 2015 and 41.9 GtCO2 in 2030. In the WEO 2007 al ter na tive pol icy sce -
nario, emis sions rise to 31.9 GtCO2 in 2015 and 33.9 GtCO2 in 2030. In the IEO 2007 fore cast,
CO2 emis sions in the ref er ence case in crease from 26.9 GtCO2 in 2004 to 33.9 GtCO2 in 2015
and 42.9 GtCO2 in 2030 [1].

Ac cord ing the re search in Ser bia at the
na tional level, the quan tity of air pol lut ers
(CO2, SO2, and NOx) emit ted into the at mo -
sphere in Ser bia is pre sented in tab. 1 [2].

For a coun try (ei ther de vel oped or de -
vel op ing) to un der stand the role of en ergy
use at the na tional level, it is nec es sary to
un der stand the re la tion ship of en ergy use to 
eco nomic ac tiv ity and so cial well-be ing,

and the re la tion ship be tween en ergy and GDP in di cates the eco nomic de vel op ment of a coun try. 
In dus trial pro duc tion in mod ern so ci et ies is kept in pace by socio-eco nomic growth [3].

De pend ing on en ergy re sources avail able, any coun try may choose the method of its
uti li sa tion. The Re pub lic of Ser bia has sev eral coal bas ins, with three of them be ing dom i nant:
the Kosovo, Kolubara, and Kostolac coal bas ins. Ac cord ing the Strat egy of De vel op ment of En -
ergy Sys tem in the Re pub lic Ser bia up to 2015, and ac cord ing the lit er a ture, the great est geo log -
i cal en ergy re source in Ser bia is coal (about 80%), par tic u larly low rank lig nite (about 65%) [4].
Lig nite is the larg est nat u ral en ergy source in Ser bia. The share of coal is about 88% in to tal, and
pos si ble en ergy pro duc tion us ing the re main ing re serves avail able (small rivers, small coal
mines, and oil shale), can be about 10% most [5, 6].
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Ta ble 1. Quan tity of air pol lut ers (CO2, SO2, and
NOx) emit ted into the at mo sphere in Ser bia

CO2

[kT per year]
SO2

[kT per year]
NOx

[kT per year]

33501 449.33 59.03

Fig ure 1. En ergy de mand changes ac cord ing to two sce nar ios for
2030 (color im age see on our web site)
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Ma te rial and meth ods

Method of lig nite ex trac tion

The coal from Kolubara ba sin is lig nite of rel a tively low qual ity, i. e. of low
carbonisation de gree, and there fore it is largely used for com bus tion in ther mal power plants and 
for the gen er a tion of elec tric ity. The Kolubara coal was formed some 10 mil lion years ago in
shal low wa ters of the Panonian sea. The coal was formed in the time when the cli mate in this
area was a warm, sub trop i cal one. Fig ure 2 shows typ i cal geo log i cal pro files of the Kolubara
coal ba sin.

The lig nite ex trac tion through the method of open-cast min ing in Kolubara is about 60
years old. It is a pe riod when there were ma jor changes in op er at ing con di tions. The equip ment,
laws, reg u la tions, even the ap proach to open-pit min ing has changed in com pli ance with in ter -
na tional trends. The Kolubara coal ba sin is sit u ated 50 km in the south-east of Bel grade, and oc -
cu pies a ter ri tory of ap prox i mately 600 km2. The coal pro duc tion is be ing car ried out in four

open-pits: fields C and D,
Tamnava east ern field and
Tamnava west ern field [7].
Fig ure 3 shows the min ing
fields of Kolubara coal ba sin.

An av er age an nual pro -
duc tion amounts to ap prox i -
mately 30 mil lion tonnes of
coal and about 70 mil lion m3

of over bur den. Ta ble 2
shows the coal and over bur -
den pro duc tion in Kolubara
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Fig ure 3. Kolubara ba sin di vided into min ing fields
1 – field Kru{evica, 2 – field Rudovci, 3 – field A, 4 – field B, 5  – field C, 6 – field Baro{evac, 7 – field E, 8 – field
D, 9 – field Turija, 10 – field Stepojevac, 11 – field Veliki Crljeni, 12 – field Volujak-Vreoci, 13 – field G, 14 –
field F, 15 – [opi}-Lazarevac, 16 – field Tamnava-east, 17 – field Tamnava-west, 18 – field Radljevo, 19 field –
Trli}, 20 – field Zvizdar, 21 – field Ruklade

Ta ble 2. Coal and over bur den pro duc tion in Kolubara in 2008

Open pit
Real ised over bur den

pro duc tion [m3]
Real ised coal
pro duc tion [t]

Field B   2,981,897   1,091,320

Field D 39,590,875 14,069,026

Tamnava – east ern field  7,998,299  5,016,965

Veliki Crljeni   1,923,670 –

Tamnava – west ern field 24,672,871 10,361,665

To tal 77,167,612 30,538,976



in 2008. The coal and over bur den are
mainly ex ca vated by bucket wheel ex ca va -
tors and trans ported by con veyor belts.

Fig ure 4 shows over bur den and coal
benches in the open-pit mine Kolubara.

The pro cess of coal ex ca va tion con sists 
of sev eral cy cles: the cy cle of ex ca va tion,
dis posal, and re culti va tion. The min ing
works be gin af ter the ex pro pri a tion. First,
the prep a ra tion of the ter rain en vis aged for
min ing is con ducted. The prep a ra tion of
the ter rain ne ces si tates the de mo li tion of
con struc tions, fell ing of trees, re lo ca tion of 
wa ter courses, roads, etc. Then the over bur -
den is ex ca vated, trans ported and dumped
us ing the min ing ma chin ery. To day, bucket wheel ex ca va tors, con veyor belts and stack ers are
mainly used. When the coal seam ap pears, such a seam is ex ca vated and trans ported to the
crush ing plant.

Based on the pro cess of coal ex ca va tion, ex plained up to this point, and its re la tion to
the re culti va tion, there are few im por tant char ac ter is tics that stand out: 
– notwithstanding the occupancy of large areas and the change in the purpose of the land, large 

parts are still brought back to the previous state; it virtually means that they are temporarily
occupied by mining activities, in a period of some ten years, and that they can be reused as
before following this period,

– a part of the area occupied by the exploitation cannot be brought back to the state prior to the
beginning of the exploitation,

– area occupied by the external dump, although it is generally (as a rule) higher than the terrain
before mining activities, is still brought back to the state so that it can be reused, and

– at the end of mining activities, the mine becomes the owner of large areas of agricultural land 
and forests; according to
the law, the owner of an
agricultural land and
forest is obliged to work
the soil and control forest
husbandry.
Fig ure 5 rep re sents the

paths of land scape de vel op -
ment fol low ing a dis tur bance
[8].

In prac tice, there is a num -
ber of ways to re solve this is -
sue. There are many pos si bil i -
ties for, and many ex am ples
of an ef fi cient uti li sa tion re -
claimed ar eas of lig nite mines 
in the world [9-13].
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Fig ure 4. Over bur den and coal benches in the
 open-pit mine Kolubara

Fig ure 5. Land scape de vel op ment fol low ing a dis tur bance (Source
Huttl, R. F.)



Method of re culti va tion of Kolubara open pit mine

Re culti va tion is a pro cess whereby a part of a dump is brought back to the state of land
sim i lar to the one be fore the ex ca va tion. In this way, the neg a tive im pact of the ex ca va tion of
over bur den and coal is less ened. The re culti va tion pro cess is a le gal ob li ga tion, which is to be
im ple mented ac cord ing to a re culti va tion pro ject. The re culti va tion pro ject is a man da tory, in te -
gral part of a min ing pro ject. There is a need for a na tional sys tem of qual ity con trol in spec tion
for land re culti va tion and rec la ma tion sites, and pro vi sion for train ing in the spe cial prob lems of
man ag ing re claimed lands [14]. It con sists of two parts: tech ni cal re culti va tion and bi o log i cal
re culti va tion and rec la ma tion. 

Tech ni cal re culti va tion is a pro ce dure of lev el ling and prep a ra tion of a dump area for
the bi o log i cal re culti va tion. The dump, es pe cially its ver ti cal part, is highly rough and it is nec -
es sary to put it into such a state which en ables bi o log i cal re culti va tion. Cri te ria for the cre ation
of a dump are that it is sta ble, tech ni cally, and eco nom i cally jus ti fied, and that it is not ide ally
flat. Be fore the bi o log i cal re culti va tion be gins, the qual ity of land is to be in ves ti gated, in two
di rec tions. Pri mar ily, it has to be de ter mined whether the soil con tains an in ad mis si ble con cen -
tra tion of harm ful, toxic mat ters such as heavy met als. Then the soil qual ity is de ter mined, in
terms of the con tents of hu mus mat ters, min er als, and acid ity, in or der to de fine cor rec tive mea -
sures. If the soil con tains heavy met als, their con cen tra tion and mo bil ity have to be iden ti fied.
Then we should de ter mine if and which type of ag ri cul tural prod ucts may be cul ti vated, or the
type of for es ta tion that would be needed [15].

All these fac tors, area to pog ra phy and its qual ity de fine the re culti va tion type. Flat
parts are used for the ag ri cul tural rec la ma tion and pro duc tion, while rough parts and slopes are
af for ested [16]. In ad di tion to the dump area, there is also a de pres sion that re mains af ter min ing
ac tiv i ties, which is nat u rally be ing filled with wa ter. It re sults from the fact that the ex ca vated
coal is car ried away and only the over bur den is brought back to the work ing cav ity, so there is a
def i cit of ma te rial. As a re sult of the pro cesses of min ing and re culti va tion, i. e. the land and wa -
ter course re struc tur ing, we ob tain three units. The first unit is an ex ter nal dump, which is re -
stored by ag ri cul tural spe cies at its flat parts of slopes while the rough parts are re claimed by for -
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Ta ble 3. Over view of the ex ist ing con di tion of soil in re claimed ar eas

Field
Ex pro pri ated

area [ha]

Dump [ha] Re claimed [ha]

In ter nal Ex ter nal For ests
Ag ri cul tural

land
Or chards Seed-plots

Field D 2.754 1.231 723 509 235 16 12

Field B 885 – – 301 6 – –

Tamnava-
east ern field

2.219 825 378 60 23 – 4

Tamnava-
west ern field

618 192 – – – – –

To tal 6.476 2.248 1.101 870 264 16 16



est seed lings. The sec ond and larg est part is the area of an in ter nal dump, which is also
re claimed, de pend ing on the type of the ter rain and the com po si tion of the soil. The third part is a 
lake, or a num ber of them, that could be also ar ranged to serve as tour ist fa cil i ties, which is a
com mon prac tice in some coun tries, or for other pur poses [17, 18]. 

The re culti va tion is car ried out in par al lel with over bur den ex ca va tion. To day we have 
about 1100 ha of re claimed land in Kolubara, about 870 ha of for est seed lings, gen er ally sit u ated 
in rough parts of a dump and about 260 ha of ag ri cul tural land. Ta ble 3 shows the over view of
the ex ist ing con di tion of the soil in re claimed ar eas.

As we can see from given in for ma tion, open-pit lig nite ex trac tion in Kolubara coal ba -
sin has mini mised by ap prox i mately 6500 ha, the cul ti va ble and ar a ble land and wood area. In
or der to re duce neg a tive en vi ron men tal ef fects, it is nec es sary to re culti vate, re claim, and af for -
est or con vert into cul ti va ble ag ri cul tural land all of the 6500 ha, which are in the struc ture of the
ex pro pri ated land in the Kolubara coal ba sin. Fig ure 6 shows re claimed soil turned into an ar a ble 
ag ri cul tural land and fig. 7 shows the af for ested re claimed soil in the open-pit mine Kolubara. 

Due to the coal ex trac tion and ground dump ing, a large num ber of lakes have been
formed, by in ter sect ing cer tain wa ter courses of rivers, and streams which even now fill the lat ter 
with wa ter, and by ac cu mu lat ing wa ter in cer tain de pres sions and min ing shifts which were
formed in ground dumps. Dur ing sum mer time, the ac cu mu lated wa ter may be very suc cess fully
used for the ir ri ga tion of the crops that will be grown on the re claimed sur faces. The sev en teen
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Fig ure 6. Re claimed ar a ble soil Fig ure 7. Af for ested re claimed soil

Fig ure 8. Re claimed de pres sion of the pit Fig ure 9. Lake dur ing the rec la ma tion



lakes could be used, as well as for the ir ri ga tion, for fish and spawn breed ing. Fig ure 8 shows
one of the re claimed de pres sions in the open-pit mine Kolubara and fig. 9 shows a lake in the
pro cess of rec la ma tion. 

Chem i cal anal y sis

Max i mum al low able con cen tra tions of haz ard ous and harm ful sub stances in soil dif fer 
from coun try to coun try. Ta ble 4 shows max i mum al low able con cen tra tions (MAC) of trace el e -
ments in ag ri cul tural soils, pro posed or given in di rec tives in var i ous coun tries and in dif fer ent
years [19].

Ta ble 4. Max i mum al low able concentrations of trace el e ments in ag ri cul tural soils pro posed or given in
the di rec tives in var i ous coun tries, and dif fer ent years [19]

Chem i cal
element

Po land
(1993)

UK
(1987)

Ger many
(1992)

Euro comm.
(1986)

USA
(1993)

Cad mium (Cd) 1-3 3-15 1.5 1-3 20

Lead (Pb) 70-150 500-2000 100 50-300 150

Mer cury (Hg) 5 – 1 1-1.5 8

Ar senic (As) 30 10 – – –

Chro mium (Cr) 50-80 – 100 50-150 1500

Nickel (Ni) 30-75 20 50 30-75 210

Flu o rine (F) – – – – –

Cop per (Cu) 30-70 50 60 50-140 750

Zinc (Zn) 100-300 130 200 150-300 1400

Bo ron (B) – – – – –

In Ser bia, max i mum al low able quan ti ties of haz ard ous and harm ful sub stances in soil
and wa ter for ir ri ga tion and the meth ods for their ex am i na tion (Of fi cial Ga zette of the Re pub lic
of Ser bia No. 23/94), which may dam age or mod ify the pro duc tion ca pac ity (fer til ity) of an ag ri -
cul tural land and the qual ity of wa ter for ir ri ga tion, are en vis aged in the rules on max i mum al -
low able con cen tra tions of haz ard ous and harm ful sub stances. Haz ard ous sub stances, in terms of 
the rules, are: cad mium, lead, mer cury, ar senic, chro mium, nickel, and fluor; while harm ful sub -
stances are: cop per, zinc, and bo ron. Ta ble 5 shows max i mum al low able con cen tra tions of haz -
ard ous and harm ful sub stances as pre scribed in the Re pub lic of Ser bia [20].

In or der to per ceive the en vi ron men tal as pect of the cur rent state and fur ther pres er va -
tion of the soil in the area of the open-cast mine Kolubara, which is mainly ag ri cul tural, anal y ses 
of the over all con tents of heavy met als in the soil have been made, in the mine it self and in its vi -
cin ity, which is the area of fu ture min ing op er a tions. The col lected data serves to for mu late and
fur ther en force cer tain reg u la tory and in sti tu tional pro ce dures which con trib ute to the soil keep -
ing its eco nom i cal and so cial po ten tial af ter the rec la ma tion. Ta ble 6 shows the anal y ses of the
over all con tent of heavy met als.
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Ta ble 6. Over all con tent of heavy met als in the soil.

Depth
[cm]

Fe
[%]

Mn
[mgkg–1]

Cu
[mgkg–1]

Zn
[mgkg–1]

Co
[mgkg–1]

Ni
[mgkg–1]

Cr
[mgkg–1]

Pb
[mgkg–1]

Cd
[mgkg–1]

Sam ple 1

0-30 4.59 714 34.40 54.71 17.24 173.83 85.80 26.09 –

30-60 5.45 718 33.30 58.69 18.31 192.29 97.44 30.60 –

60-90 4.50 660 34.50 62.42 20.30 204.82 109.17 34.14 –

Sam ple 2

0-30 4.46 650 29.55 50.02 17.29 159.44 83.32 30.60 –

30-60 4.34 661 27.00 46.60 17.03 155.03 89.43 27.89 –

Sam ple 3

0-30 4.38 695 33.40 56.00 18.26 170.10 92.00 33.66 –

30-60 4.25 668 26.15 48.88 17.75 130.51 79.28 28.66 –

Sam ple 4

0-30 3.70 658 29.10 50.73 17.32 161.12 88.54 24.82 –

30-60 4.17 689 29.90 53.07 18.72 169.15 95.99 28.70 –

Sam ple 5

0-30 3.72 543 24.70 37.41 17.06 231.23 123.31 21.06 –

30-60 4.90 548 24.40 37.21 17.32 235.39 108.67 18.41 –
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    Ta ble 5. Max i mum al low able con cen tra tions of haz ard ous and harm ful 
    sub stances pre scribed by the rules in the Re pub lic of Ser bia 

Chem i cal el e ment
Max i mum level in soil

[mg per kg soil]
Max i mum level in wa ter
[mg per liter of wa ter]

Cad mium (Cd) 3 0.01

Lead (Pb) 100 0.1

Mer cury (Hg) 2 0.001

Ar senic (As) 25 0.05

Chro mium (Cr) 100 0.5

Nickel (Ni) 50 0.1

Flu o rine (F) 300 1.5

Cop per (Cu) 100 0.1

Zinc (Zn) 300 1.0

Bo ron (B) 50 1.0



The anal y sis of the over all con tent of heavy met als in di cates an in creased con tent of
some heavy met als (mainly nickel and chro mium, shad ing values), of which the pres ence re lates 
to the or i gin of these al lu vial lands. Such anal y sis is the anal y sis of po ten tial pol lu tion agents,
be cause their ac cu mu la tion in herbal prod ucts may cause the re moval of these prod ucts from the
fur ther uti li sa tion. As such large con cen tra tions of heavy met als ap pear mostly in deep seams, in 
the pro cess of soil rec la ma tion, the pos si ble soil pol lu tion caused by these met als has to be con -
sid ered, as well as mea sures which could re duce their ac ces si bil ity to the flora [21].

So cial as pects of min ing ex trac tion and re culti va tion

Sus tain able de vel op ment is a syn the sis of three fields of our ac tiv i ties: eco nomic de -
vel op ment, en vi ron men tal pro tec tion, and so cial re spon si bil ity. The so cial re spon si bil ity of the
com pany is de fined as a bal ance of work ing and per sonal life of the em ploy ees, equal op por tu ni -
ties, di ver sity at the work place (ethnical mi nor i ties, hand i capped and older peo ple), en sur ing of
re train ing of the dis missed em ploy ees, etc. The Eu ro pean Com mis sion de fines cor po rate so cial
re spon si bil ity (CSR) as a con cep tion un der which the com pany in te grates the so cial and en vi -
ron men tal points of view into its busi ness and into com mu ni ca tion with the in ter ested par ties
[22].

In ad di tion to the afore-men tioned, typ i cal changes, and the con di tion of the en vi ron -
ment, it would also be in ter est ing to dis cuss the flow of other re sources, i. e. of so cial changes
ac com pa ny ing the ex ploi ta tion. At the be gin ning of its op er a tion, a mine has a whole de posit
(coal) and min ing ma chin ery avail able to it. There is not enough skilled staff, con sid er ing that
the pop u la tion in the vi cin ity is ag ri cul tural, and there is no de vel oped in dus try sup port ing said
min ing ac tiv i ties. 

Dur ing min ing op er a tions, ex ca va tions lead to the de crease in coal re serves and to the
in crease in the num ber of skilled work ers. The oc cu pied area, and there fore the re claimed area,
are en larged. It leads to the in crease in the num ber of in hab it ants in the vi cin ity, due to the in -
crease in mon e tary flow and the de mand for ex perts. The start ing point is typ i cally the ac cep -
tance of sus tain able de vel op men tal prin ci ples at board-room level as cor po rate goals, and then
in form ing the workforce, in ves tors, and oth ers of that com mit ment. Rel e vant em ploy ees need to 
be en gaged as a first step in the prac ti cal ap pli ca tion of sus tain able de vel op ment prin ci ples, fol -
lowed by the grad ual ex ten sion of train ing in sus tain able meth ods of work ing to the workforce
as a whole [23]. Min ing com pa nies were among the first to in tro duce the prac tice, now com mon, 
of build ing and main tain ing schools, clin ics, and sports fa cil i ties for their em ploy ees. It is not
un com mon for them to be made avail able to other peo ple liv ing in the vi cin ity of the com pany
lo ca tion [24, 25].

At the end of the coal ex ploi ta tion, there is no coal; how ever, there are large ag ri cul -
tural and for est ar eas. Both the struc ture and the num ber of in hab it ants are suit able for in dus try,
not ag ri cul ture or for estry. There are also ma chines with re pair shops and plants, which for merly 
served as a sup port to the coal pro duc tion. How ever, they can not be used for land farm ing; the
same is the case with the ex ist ing pop u la tion struc ture. Big so cial prob lems then arise. A whole
func tional en vi ron ment which has been de vel op ing for many years is no lon ger func tional be -
cause min eral re sources are not re new able, but rather lim ited by time and space. 

The whole en vi ron ment turns into an en vi ron ment with new char ac ter is tics and
non-func tional so cial con tent. At that, it has to com ply with the sus tain able de vel op ment. The
so lu tion for this prob lem may go into two di rec tions. One be ing that dur ing the en large ment of
ag ri cul tural and for est ar eas af ter the re culti va tion pro cess, it is nec es sary to adapt the com pa -
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nies which had been spe cial ised for the pro duc tion of min ing equip ment and to turn them into
prof it able ones. In ad di tion to that, fac to ries and re pair shops, un less mar ket ori ented, should be
turned into rent able fac to ries of re lated prod ucts. 

Re sults and dis cus sion

All of the is sues in con nec tion to the re la tion ship be tween an open-pit mine and the en -
vi ron ment are de fined by re la tions aris ing from the soil pol lu tion. The tech no log i cal pro cess of
lig nite ex ploi ta tion causes, to a cer tain ex tent, the change, i. e. de te ri o ra tion, of the orig i nal mor -
pho log i cal and pedological struc ture of the ter rain and soil, and the re lease of harm ful sub -
stances – min eral dust into the air, in a cer tain con cen tra tion. The main im pact is re lated to the
de te ri o ra tion of the up per seam struc ture dur ing min ing op er a tions. The above neg a tive im pact
may oc cur as a re sult of the ex ca va tion of the up per seam and its in ad e quate dis posal, and of
mix ing the up per seam with the lower one, as well as other bar ren ma te ri als. The im pact of lig -
nite ex ploi ta tion also rep re sents a po ten tial con tam i na tion of the up per seam due to the pre cip i -
ta tion of dust from the air. In ad di tion to the afore-men tioned im pacts, it is nec es sary to
emphasise the dis ap pear ance of the ar a ble up per seam as a re sult of the build ing-up in in fra struc -
ture fa cil i ties (roads, rail road tracks, wa ter-ways, in dus trial ar eas, etc.) and of the change in the
pur pose of the soil in the vi cin ity of the mine. 

In any case, open-cast coal min ing leads to the dis tur bance of geo log i cal lay ers where
dif fer ent sed i men tary prod ucts are be ing mixed, which means that a com pletely new,
anthropogenic land, i. e. sub stra tum, is cre ated, with out any re sem blance to the orig i nal land,
which is now called a deposol. The pre vi ous ex ploi ta tion us age is char ac ter ised by the fact that
the dis posal of over bur den is made non-se lec tively, whereas the top soil layer is not be ing pre -
served, which can later cause a num ber of com plex prob lems in mak ing the over bur den suit able
for herbal pro duc tion, and in bring ing the land back to its pre vi ous state.

Vi sual pol lu tion as a cri te rion of the re la tion ship be tween a mine and its en vi ron ment
im plies that the char ac ter is tics of the land scapes’ ap pear ance are a qual i ta tive fac tor which oc -
curs as an el e ment of deg ra da tion of the ex ist ing and es tab lished re la tions. In or der to switch
from a de scrip tive im pact as sess ment in this do main to quan ti ta tive meth ods, which in clude a
com plex valo ri sa tion of the area, it is nec es sary to per form a se ries of spe cific an a lyt i cal pro ce -
dures dur ing which high-tech nol ogy graphic and vi sual pieces of in for ma tion are needed. The
im pact of open-cast lig nite ex ploi ta tion on mod i fi ca tions of land scape char ac ter is tics, in terms
of mor pho log i cal mod i fi ca tions of the ter rain, in di cates the cre ation of large-scale de pres sions
and the for ma tion of out side over bur den dumps. Due to the ex ca va tion pro cess, de pres sions are
cre ated in the work ing cav i ties, and this causes changes and de te ri o ra tion of the mor pho log i cal
and aes thetic char ac ter is tics of the ex ist ing nat u ral land scape [26]. Con sid er ing that the char ac -
ter and the scope of min ing works are such that the pre vi ous mor pho log i cal ap pear ance of the
de graded ar eas can not be re stored, the ob li ga tion of a com pany is to adapt, in the best pos si ble
way, through the tech no log i cal ex ploi ta tion pro cess, i. e. over bur den dis posal ac tiv i ties and
tech ni cal rec la ma tion, the work ing cav ity to the ex ist ing nat u ral en vi ron ment, in terms of func -
tion al ity and aes thet ics.

Gen er ally speak ing, within the re culti va tion of de te ri o rated sur faces, it is nec es sary to
ap ply [27]:
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– technical measures – which contribute to the improvement of resistant and deformable
characteristics of the dump and directly influence the enhancement of the erosion stability of
slopes,

– biotechnical measures – which, along with the technical measures, contribute to faster
achieving and maintaining the dump stability, and

– biological measures – which imply the implementation of agricultural and forest
improvements that contribute to the stability and maintenance of reclaimed areas, but they
are much more significant from the aspect of area revitalisation and establishing natural
biocenoses. 

Not with stand ing all the re struc tur ing cases, a num ber of peo ple will be su per flu ous.
They will then be re-ed u cated or they will leave, which is cer tainly a prob lem ac com pa ny ing the
min ing in dus try. Fa vour able cir cum stances in the whole pro cess of turn ing an ag ri cul tural ter -
rain into an in dus trial one, which is re claimed at a later stage, is the fact that this pro cess is very
slow and that good plan ning may ad e quately re ar range it. De pend ing on the size of the de posit,
the pro cess of turn ing an ag ri cul tural, for est, or ur ban en vi ron ment into an in dus trial (min ing)
one, and then, by the re culti va tion pro cess, back again into the ag ri cul tural or for est one, may be
of dif fer ent du ra tions, but such pro cesses of ten last for many de cades. The un fa vour able char ac -
ter is tic of this trans for ma tion pro cess is that, due to its long du ra tion, there is a high prob a bil ity
of the emer gence of eco nomic and so cial cri ses and neg a tive flows. 

Con clu sions

“Coal is a cru cial and en dur ing el e ment in a mod ern, bal anced en ergy port fo lio, pro -
vid ing a bridge to the fu ture as an im por tant low cost and se cure en ergy so lu tion to sustainability 
chal lenges ” [28]. The coal ex trac tion in Kolubara coal ba sin may last for about 50 years, which
is the cor re spond ing amount of coal re serves. Namely, we shall spend the coal 10.000 times
faster than it took it to be formed. It is cer tainly a great dis tur bance of the nat u ral cy cle of ox y gen 
and CO2 cir cu la tion. Sus tain able de vel op ment re quires the main te nance, ra tio nal use, and en -
hance ment of nat u ral re sources, as well as a bal anced con sid er ation of ecol ogy, econ omy, and
so cial jus tice [29].

There are plenty of ar gu ments to pre vent fur ther ex pan sion of the uti li sa tion of fos sil
fu els and there fore coal [30]. This is one rea son, among oth ers, why it is nec es sary to per form
the re culti va tion of a dump even though it has a rel a tively low, al though fa vour able, im pact on
the en vi ron ment. As we are talk ing about fer tile al lu vial lands, it is nec es sary to pre serve the fer -
tile soil layer through se lec tive ex ca va tion in or der to bring the soil back to its pre vi ous pur pose
– ag ri cul tural pro duc tion. The for es ta tion of soil and ter rains de te ri o rated by open-cast lig nite
min ing pre vents fur ther de te ri o ra tion pro cesses, con trib utes to the main te nance of the eco log i -
cal bal ance in na ture, and en hances the ab sorp tion of CO2 from the air and the con tent of the ox -
y gen therein.

Not with stand ing the fact that na ture has ef fi cient mech a nisms for bal anc ing and
equilibrating the gas con cen tra tion in the air, it also has lim ited ca pac i ties in this pro cess. We
gave our selves the right to use the coal, as it is suit able for us. Be cause of this, we have a great re -
spon si bil ity to do that in the best pos si ble way, bear ing in mind fu ture gen er a tions, by uti lis ing
coal re serves in com pli ance with the prin ci ples of the sus tain able de vel op ment re fer ring to the
uti li sa tion of non-re new able en ergy re sources and by re claim ing de te ri o rated sur faces re sult ing
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from the pro cess of coal ex trac tion, and all that in the func tion of sus tain able de vel op ment, min -
ing ex ploi ta tion, and uti li sa tion of en ergy from na ture. 
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