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Caxerak: CaspemeHo pygapciiieo Hanasu ce Ha packpuihy usmehy pacitiyhux doifipeba 3a mMuHepanHum
CUPOBUHAMA U 0IPAHUHEHUX APUPOGHUX PECYPCa, Y3 UCTOBPeMEHO HojauaHe APUTHUCKe ja6HOCTIU U pelynattiopHUX
ilena ga ce ouysajy exocucitiemu. Cilipaitieuiko yipasmwarve pygapckum akimiugHoCcmuma 3axiieéa uHieipayujy
eKOHOMCKUX, eKOTIOUIKUX U COUUJANTHUX acileKailtid, Kao U ycainauasarve ca UpUHUULUMa yupKynapHe ekoHomuje.
Lum osoi paga je ga ce aHanusupajy Kwy4Hu usazosu y gomery ogpiusociiu, ugeHmuduxyjy paximopu koju
YCTI0670A6AJY HeqoCTLATaK MUHEPANTHUX pecypca u ioHyge cilipaitieiuje 3a gyiopouro tinanupare. Meiiogonoiuja
je 3acHo8ana Ha KOMUAPATHUBHO] AHATIU3Y TI00ANHUX THPEHGO8A, UPOUeHU PACHONIONUBOCTHU PYGHUX TIeHUMTHA
U aHanusu Yiluyaja Ha KHUeoiiny cpequHy kpos uHgukatiope xao witio cy emucuje CO,, floilipouirva 6oge u
geipagayuja semmuwinia. Pesyniiatiu ykasyjy Ha toiipe6y ipumere unitielpucanoi yipasmwaukoi upuciiyia,
Da360j WexXHONOWKUX uHOBauUja 3a toseharwe epuKACHOCTHU eKCUnoaliayuje U yciociliasmarve CHPoOiux
exonowKux ciliangapga. JJuckycuja iiokasyje ga yciewHa wparcopmayuja pygapckoi ceximiopa 3asucu og
gylopouHe su3uje, jasHOUPpUBAHOI APHIHEPCIIBA U yCMEPABAtba UHEECTUULUA KA UCTAPANCUBALY U PeUUKIIANCU
CeKYHGAPHUX CUPOBUHA. 3AKbYHaK UCiuYe ga je camo XOMUCMu4KU UPUciiiyil, Koju ucitiospemero wmipemupa
eKOHOMCKY goOUili U 3aitiuiily UpupogHoi okpyxucerva, y ciliary ga 06e3begu ciliabunHocii U Upuxeattibusocii
pygapcitiea y HapegHum geueHujama.

K}by‘[]—[e peum: CTPATEIIKO YITPAB/bAIBE, PYJAPCTBO, UVPKYJIAPHA EKOHOMUJA, OJIP>)KMBU PA3BOJ, SAIITUTA
JKMBOTHE CPEIVIHE

Abstract: Modern mining is at the crossroads of growing demand for mineral resources and limited natural
resources, while at the same time increasing public and regulatory pressure to preserve ecosystems. Strategic
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management of mining activities requires the integration of economic, environmental and social aspects,
as well as compliance with the principles of the circular economy. The aim of this paper is to analyze key
challenges in the field of sustainability, identify factors that determine the scarcity of mineral resources and
offer strategies for long-term planning. The methodology is based on comparative analysis of global trends,
assessment of the availability of mineral deposits and analysis of environmental impacts through indicators
such as CO, emissions, water consumption and land degradation. The results indicate the need to apply an
integrated management approach, develop technological innovations to increase the efficiency of exploitation
and establish strict environmental standards. The discussion shows that the successful transformation of the
mining sector depends on a long-term vision, public-private partnerships and directing investments towards
the exploration and recycling of secondary raw materials. The conclusion emphasizes that only a holistic
approach, which simultaneously addresses economic profit and environmental protection, is able to ensure the
stability and acceptability of mining in the coming decades.

KeYWOI‘dS: STRATEGIC MANAGEMENT, MINING, CIRCULARECONOMY, SUSTAINABLE DEVELOPMENT, ENVIRONMENTAL

PROTECTION

YBO[

PymapcTBO je mMCTOpMjCKM IIpENCTaB/bao OC-
HOB VHJYCTPUjCKOTI pa3BOja 1M TEXHOJIOIIKOT
HAIIPETKA, a/li jé MCTOBPEMEHO M3a3BajI0 3Ha-
4ajHe IPOMEHE y NPUPOJHNUM €KOCHCTEMMMA.
Y mocnenmuM reieHmjamMa, HaI/IM PacT CBETCKE
HOITy/IALiMje M MHAYCTPpUjausanyja TOBeIu Cy
o nosehaHe IOTpaXKibe 3a MeTaMIMa U MIHe-
panuma, NITO Pe3yATMpa UCHPIUbUBALEM BU-
COKOKBA/IMTETHVX JI&KMIITA ¥ pacTyhum mpy-
TMCKOM Ha >KMBOTHY cpefiuHy. OrpaHi4YeHOCT
pecypca U CBe CTPOXXM €KOJIOLIKM CTaHJapAu
HaMelly moTpeOy 3a IpencHUTHBameM [oca-
JALIBYX TIPAKCH ¥ U3PAJIOM OfiroBapajyhe mpo-
CTOpHO ITaHCKe flokyMeHTanyje [1]. CaBpeme-
HO PyJapCTBO BMIIE HE MOXE Jla C€ ITOCMATpa
VICK/BY4MBO KPO3 IIPM3My €KOHOMCKe JJOOUTH,
Beh 3axTeBa XOMICTUYKY NMPUCTYII KOjU YK/bY-
4yje KOHLIENT OfPXKUBOI PasBoja, APYLITBEHE
OITOBOPHOCTU ¥ YIIPaB/batba PUSKIIMIMA.

VcToBpeMeHO, KIMMaTCKe IpOMeHe, IyOuTaK
OvopuBep3uTeTa U HAerpajialyja 3eM/BMIITA
Hamehy HoBe nsasose [2]. Crpareruje Koje ce
IpUMewyjy y BojehmMm pymapckum 3emba-
Ma CBe BUIEe MHTETPUILY IPOLIEHY >KUBOTHOT
IIMKITyCa ¥ TEXHOJIOLIKe MHOBalje HOIyT ay-
TOMaTu3auyje M JUTUTanu3anuje pygapcKux
mpoleca, a HoCceOHO Cy yCMepeHN Ka Ipenasy
Ca IMHeapHe Ha LUMPKY/IapHY EKOHOMM)Y, KOja
je mpm Kopuinhewy HEOOHOB/BMBMX M3BOpa
eHepruje jour Behu yMIepartus Hero Kop 06-
HoB/buBUX [3]. LIn/b oBOT paja je ma ucTpakn
KaKO CTpATelLIKO yIpaB/babe MOXe JOIpIHe-
TI epuKacHUjeM Kopuirhewy pecypca, MUHNI-
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INTRODUCTION

Mining has historically been the basis of
industrial development and technologi-
cal progress, but it has also caused signifi-
cant changes in natural ecosystems. In the
recent decades, rapid growth in the world
population and industrialization have led
to increased demand for metals and miner-
als, resulting in the depletion of high-qual-
ity deposits and increasing pressure on the
environment. Resource limitations and in-
creasingly stringent environmental standards
impose the need to review previous practic-
es and develop appropriate spatial planning
documentation [1]. Modern mining can no
longer be viewed exclusively through the
prism of economic profit, but requires a ho-
listic approach that includes the concept of
sustainable development, social responsibil-
ity and risk management.

At the same time, climate change, biodiversity
loss and land degradation pose new challenges
[2]. Strategies implemented in leading mining
countries increasingly integrate life cycle as-
sessment and technological innovations such
as automation and digitization of mining pro-
cesses, and are particularly focused on the
transition from a linear to a circular economy,
which is an even greater imperative when us-
ing non-renewable energy sources than when
using renewable ones [3]. The aim of this pa-
per is to explore how strategic management
can contribute to more efficient use of re-
sources, minimizing environmental impacts
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MM30Bamby €KOJNOIIKUX yTHIaja u 06e3bebu-
Batby AyTOPOYHE OAP>KIBOCTI CEKTOPA.

PynapcTBO Kao K/by4Ha MHAYCTPUjCKa TPaHa y
XXI Beky [4] Hamasu ce mpep CI0KeHUM HU3a-
30BJMa KOju IIPOUCTUYY u3 cBe Behe rnobanxe
HOTPaXKibe 32 MIHEPATHUM PeCypcrMa, orpa-
HI4YeHe ,I[OCTYHHOCTI/I CI/IPOBI/IHa, Ka0 " €KO-
JIOLIKMX Hp]/[TI/[C&Ka U 3aXTeBa 3a OI[p)KI/IBI/IM
pasBojeM. CTpaTelIKo yIpaB/babe pyfapemheM
II0CTaje MMIIePATUB, jep Hofpa3yMeBa OaaH-
cupame n3Mel)y eKOHOMCKUX MHTepeca, eHep-
reTcke 6e30eTHOCTY, COLMjaTHUX HOTpeba u
3alITUTE )KNBOTHE CPEVHE.

METOJOJIOTUJA

MeTop0/IOMIKY IPUCTYII Y OBOM Pafy 3acHO-
BaH je Ha IIPUMMEHNU MYITHKpUTepMjaHe aHa-
mse (MCA) [5], koja omoryhasa eBanyaunjy
PasIMYNTIX acleKaTa pyfgapcKe MHAYCTpuje y
OJfHOCY Ha IIM/beBe OfIPXKMBOT pasBoja.

Kipyunu kopaiy metoponoruje o6yxsarajy:

- Vpentndukanuja pecypca n mnorpeba -
yTBphuBame K/bYYHMX MUHEPATHUX U
EHEePreTCKNX Pecypca y CBeTy 1 PEeryoHY,
Kao 1 TPEH/I0BA HIXOBE IOTPOLIbE Y YTHU-
11aja Ha )KUBOTHY CPeIMHY.

- KoMmmnaparusHa aHanmm3a HajO0/BMX IIPAKCH
— CTyAuje Ciaydaja U3 3eMasba ca pasBuje-
HUM CHCTEMMMA YIpaB/baba PYapCTBOM
(unp. Hopsemka, Kanaza, Aycrpanmja).

MeToRONOMKY OKBUP MCTpaKuBama 00yX-
BaTa aHAM3y IVI0OATHMUX TPEH[I0BA U M3BOpA
noparaka. Kopuurthene cy cratuctuke Meby-
HapoJjHe areHuuje 3a eHeprujy, CBeTcke 6aHKe
un YH o npousBopmu, pesepsamMa 1 IOTPOLIBA
K/bYYHMX pyfa/MyHepana (yramp, 6akap, rBo-
xbe, peTku efieMeHTH).

[Ipukymwsenu nopgaum cy obpabenu crartu-
CTUYKUM MeTofama KopuinhemweM codTBep-
ckux makera Microsoft Excel m IBM SPSS
Statistics 24.

KBanuraTuBHM MOJAIy NMPUKYIUbEHM CY U3
HAayYHUX pajioBa, CTyAuja ciydaja (Aycrpa-
nuja, Ynne, Cpbuja) u u3BelTaja KOMIaHMja.

and ensuring the long-term sustainability of
the sector.

Mining, as a key industry in the 21st centu-
ry [4], faces complex challenges arising from
the increasing global demand for mineral re-
sources, the limited availability of raw mate-
rials, as well as environmental pressures and
the requirements for sustainable development.
Strategic mining management is becoming
imperative, as it involves balancing economic
interests, energy security, social needs, and en-
vironmental protection.

METHODOLOGY

The methodological approach in this paper
is based on the application of multi-criteria
analysis (MCA) [5], which allows for the
evaluation of various aspects of the mining
industry in relation to sustainable develop-
ment goals.

The key steps of the methodology include:

- Resource and needs identification — deter-
mining key mineral and energy resourc-
es in the world and the region, as well as
trends in their consumption and environ-
mental impact.

- Comparative analysis of best practices -
case studies from countries with developed
mining management systems (e.g. Norway,
Canada, Australia).

The methodological framework of the research
includes an analysis of global trends and data
sources. Statistics from the International Ener-
gy Agency, the World Bank and the UN on the
production, reserves and consumption of key
ores/minerals (coal, copper, iron, rare earth el-
ements) were used.

The collected data were processed based on
statistical methods using the software pack-
ages Microsoft Excel and IBM SPSS Statistics
24.

Qualitative data were collected from scientif-
ic papers, case studies (Australia, Chile, Ser-
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KBanturatuBHu nopaunu cy obpabenu u ge-
CKPUIITUBHOM CTaTUCTUKOM, IpaduuKkuM 1
tabelapHUM IpuKasuma TpeHpoBa. Llwb
MeTofloNIorMje je ;a oMoryhm cmcremcko ca-
I7leflaBambe PyJapCcTBa Kpo3 IPU3MY pecypca,
TEXHOJIOTUje, PEry/aTUBe U JPYLIITBEHO-EKO-
JIOLIKKX YTUIIAja.

PE3YJITATU

[TIOBATHU JEOVILINT PECYPCA

Vcrpaxusamwa MehyHnapopnne arenmuje 3sa
eneprujy (IEA) [29] ciposenena 2024. rogu-
He [6] n eonomxkor nucturyra CAJl (USGS)
[7, 30] moka3syjy ma ce pesepBe BUCOKOKBa-
JMUTETHUX PYAa Y CBETy cMamyjy. [ogumma
CTOIA Taja M3pakeHa y MeraroHama (Mt)
npukasaHa je y Tabenu 1 3a 6axap, HUKJI, u-
TUjyM 1 Kobant. Pesynratu nmokasyjy u ja je
IpOocedYaH caapyaj MeTaja Y HOBOOTKpUBe-
HUM JIEXUNIITNMAa 3HATHO HVIJKUM HETO Yy PyQ-
HUIVIMa KOjU CY Ce eKCIUIOATUCANN Y APYTOj
nonosuHu XX Beka. Ha npumep, nmpocedan
cajgpxaj 6akpa y HOBOpPa3BUjeHUM pPY[AHU-
guma Ynmea omao je ca 1,2% Ha oxo 0,6% y
nocnenmwe Tpu geuennje [8]. Hacramm ycimo-
BU IOJpa3yMeBajy yABOCTpYyYelbe KONMYNHE
PYZAe Koja ce MOpa IpepafiiTy 3a UCTY TOHA-
Xy MeTasna, y3 nosehamwe morpomme eHep-
ruje u Boge [9].

bia) and company reports. Quantitative data
were also processed using descriptive statistics,
graphical and tabular displays of trends. The
goal of the methodology is to enable a systemic
view of mining through the prism of resources,
technology, regulations and socio-ecological
impacts.

RESULTS

GLOBAL RESOURCE SHORTAGE

Research by the International Energy Agen-
cy (IEA) [29] conducted in 2024 [6] and the
United States Geological Survey (USGS) [7,
30] shows that the world’s reserves of high-
grade ores are decreasing. The annual rate of
decline in megatons (Mt) is shown in Table 1
for copper, nickel, lithium and cobalt. The re-
sults also show that the average metal content
of newly discovered deposits is significantly
lower than in mines that were exploited in the
second half of the 20th century. For example,
the average copper content of newly developed
mines in Chile has fallen from 1.2% to about
0.6% in the last three decades [8]. The resulting
conditions imply a doubling of the amount of
ore that must be processed to produce the same
tonnage of metal, with increasing energy and
water consumption [9].

Tabena 1, Inobannu ilipeHgosu pesepsu u Howipas toe 3a 0gabpaHum Meianuma y ceeiy
Table 1, Global trends in reserves and demand for selected metals in the world

[Tpouemene rnobante | [ogniumpa moTpoIHa IIpoceunn pact Hli)oc?an canp Kf ) ?f;e
Mertan pesepse (Mt) 2023 (Mt) notpaxe (%) verage ore grade (7o
Metal Estimated global Annual consumption |Average demand growth
reserves (Mt) 2023 (Mt) (%) 1980.god | 2023.god
year year
bakap
N 870 27 3,5-4,0 1,2 0,6
Copper
Huiern 95 3,4 4,5-5,0 2,0 1,1
Nickel
Tutitjym 26 0,14 7,0-10,0 1,5 1,0
Lithium
KoGarr 7,6 0,19 6,0 0,3 0,2
Cobalt
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PesynTtaty mcToBpeMeHO IOKa3yjy fa CBETCKa
IIOTpaXiba 3a KpUTUYHVIM MMHEpaIMMa Ipa-
MaTH4HO pacTe. EHeprercka TpaHsuuuja, mpe
cBera elleKTpuduKaluja TpaHCIOPTa U Pa3Boj
CKIAiLITA €HEPIUje, Y3POKYje TOMULIbI PACT
Tpaxkme 3a 6aKpOM, TUTUjYMOM, KOOAITOM 1
peTkuM 3emybaMa. CaMo 3a IpOU3BOAbY baTe-
pUja 3a eleKTpUYHA BO3MIA, OYeKyje ce fa he
notpebe 3a mutujymoM po 2030. mopactu 3a
Bure o 300% y ogHocy Ha HuBO u3 2020. OBa
pucniponiopryja n3Mely Temma ekcroaranuje
1 popmupama HOBMX pPe3epBH yC/IOB/baBa IMo-
PacT LieHa Ha I71006a/HNM Oep3aMa U FeHepIIie
reonoNUTNIKe TeHsuje, mocebHo mameby Bo-
mehyx mponssohada 1 moTpomraya.

Y Cp6buju, kao geny 3anagaor bankana, moce6-
Hy Kby 13a3UBajy JeKUIITa OOPCKUX Oa-
KapHUX pygma [10] u jagapckor mmurujyma [11],
Ta6ena 2. Vicropujcku rnefano, bop je jenan op
Haj3HAYAjHUjUX €BPOICKUX LIEHTapa 3a IIPOU3-
BOZIbY 0akpa, alm AyroTpajHa eKcIuroaranuja
[IOBeTIa je [0 Majia cajpkaja 6akpa y pyau ca
HeKaflammyx 2% Ha ucnop 0,6% [12]. ITpojexar
»Jamap“ Koy JIo3HuIle, MAKO jOILI YBEK IpefMeT
jaBHMX M perymaTopHux pacmpasa [13], mo-
Kasyje KO/IMKO Cy peTKa M BpeflHa Haja3MIITa
muTHUjyMay EBponm 1 KONMMKo ¢y MHBeCTULIMj€ Y
TaKBe pecypce M0Be3aHe Ca APYIITBEHNM OTIIO-
POM U €KOJIOLIKNM pudnnymMma.

The results also show that global demand for
critical minerals is growing dramatically. En-
ergy transition, primarily electrification of
transport and development of energy storage,
is driving annual growth in demand for cop-
per, lithium, cobalt and rare earths. For the
production of batteries for electric vehicles
alone, lithium demand is expected to increase
by more than 300% by 2030 compared to the
2020 levels. This imbalance between the rate of
exploitation and the formation of new reserves
is driving up prices on global stock exchanges
and generating geopolitical tensions, especially
between leading producers and consumers.

In Serbia, as part of the Western Balkans, the
Bor copper ore deposits [10] and Jadar lithium
[11] are of particular interest, Table 2. Histori-
cally, Bor has been one of the most important
European centres for copper production, but
long-term exploitation has led to a drop in
the copper content of the ore from the former
2% to below 0.6% [12]. The Jadar project near
Loznica, although still subject to public and
regulatory debate [13], shows how rare and val-
uable lithium deposits are in Europe and how
investments in such resources are associated
with social resistance and environmental risks.

Tabena 2, ITpumepu us CpbOuje, ipouere 3a b6axap u nuitiujym
Table 2, Examples from Serbia, estimates for copper and lithium

WcTopujckn
Jlexxymite Pyna/munepan| cappxaj (%)
Deposit Ore/Mineral Historical

content (%)

TpenyTHn
caapxaj (%)
Current
content (%)

ITpouemene
pesepse (Mt) Kipyunu nsasosu
Estimated Key challenges

reserves (Mt)

Bop (Benukn
Kpusem,llepoBo)

bakap

ca2,0Hal,2

Crape TexHonoruje
npepajie, €KOIOIKMN
YTHUL3j

I > .
Bor (Veliki Krivelj, Copper from 2.0 to 1.2 0.5-0.6 300 Old processing
Cerovo) technologies,
environmental impact
Exonomka
JTutujym- MIPUXBAT/BUBOCT,
Jagap (Jlosuniia) 6oparu . IPYLITBEHY OTIOP
- 1,8 (Li, >1 .
Jadar (Loznica) Lithium- 8 (L.0) 00 Environmental
borate acceptability, social

resistance
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OBu nopany jacHoO IOKas3yjy [ja ce CBETCKI Py-
TAPCKU CEKTOP CyOYaBa Ca ,JBOCTPYKMM MaKa-
3amMa“ — ca jefiHe CTpaHe pacTe norpeba 3a Mu-
Hepa/iyMa 300T AMTUTaNu3anuje U eHepreTckKe
TpaH3uLyje, a ca Apyre CTpaHe Ollafia KBaIUTET
PyZia 1 YCIOXIbaBajy ce eKONmomKy ycnosu. 11o-
Behaun pusunm op HecrabwaHOCTH CHabne-
Bama 3aXTeBajy pa3Boj cTpaTeruja 3a eduxac-
HItje Kopuirheme pecypca, peLKIaxy, 3aMeHy
MaTepMjaja M ylaarame y UCTPKUBAbEe HOBUX
JIeXNITa y3 MUHMIMA/IaH miuaj Ha OKO/INHY.

EKOJIOHIK!M [TPUTUNCIN

Pypmapcke akTMBHOCTM MMajy CIOXKEH U BUILIE-
CJI0jaH yTULAj HA >KMBOTHY CPEJUHY, KOju ce
MaHUdecTyje Kpo3 eMICHje TacoBa CTaKIeHe
OaTe, Aerpafanyjy 3eM/bMINTA, KOHTAMIHA-
I1jy BOJIOTOKOBA, I'yOMTaK OMOAVBEp3UTETa I
nosehame OyKe 1 ITpalInHe y TOKaTHUM 3ajef-
HujaMa. EHepreTckM MHTEH3MBHM IIpOLECH
Ipobmbema, MIeBemwa 1 GIoTaluje pyae 3axTe-
Bajy BeNMKe KONMYMHE eIeKTPUYHE eHepTuje I
BOJIe, IITO Y KpajibeM UCXOAy Boau nosehamy
YI/bEHMYHOT OTMCKA M IIPUTKUCKY Ha JOKa/THEe
BofiHe pecypce. Iloganm MebynaponHe areH-
nyje 3a enepretuxy (IEA) [29] n Mebynapon-
HOT caBeTa 3a pymapctBo u Mertane (ICMM)
[31] u3 2023. rogyHe IOKa3yjy Jia PyAapcKu
CEKTOP I7I00a/THO y4ecTBYje ca MpUOIVDKHO 7%
y YKyoHUM MHAyCTpujckuM emucujama CO,,
Ipy 4eMy OTBOPEHM KOIOBM UM MeTalyplLIKe
npepajie fonpuHoce HajseheM yzery.

Pesynrary nokasyjy ma ce HeraTUBHM YTUILIAjU
PYIAapCKMX aKTMBHOCTYM Ha XXMBOTHY CPeVHY
Hajuemrhe nojaBpyjy y cnepehum obmactuma:

- Bopnu pecypcu - y nepuopy 2010-2020.
IIpoceYyHa MOTpPOIlba BOfie IO TOHU Pyfe
nosehaHa je 3a oko 18% [14, 15, 16, 17, 18,
19]. OBo je mocnennia nmaga cagprxaja Me-
Tasa, ITO U3NUCKyje Behu 06uM npepazne u
VMHTeH3VBHUje UCTIVpalbe.

- KoHTammHanmja sempuilTa 1 BOfie — Ly-
peme Kncenux pygapcknx Boga (acid mine
drainage) moBomM O pacTBapama TEIIKUX
MeTaJIa I IbXOBOT YHOCA y BOfIEHE TOKOBE,
ca IyroTpajHuM edeKkTruMa Ha eKOCUCTeMe.

- buopusepsurer u mnejsaxx — BEIUKU OTBO-
PEHM KOIIOBM M [IeIIOHMje jalOBUHE Y3PO-
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These data clearly show that the global mining
sector is facing a “double-edged sword” - on
the one hand, demand for minerals is growing
due to digitization and energy transition, and
on the other hand, the quality of ores is declin-
ing and environmental conditions are becom-
ing more complex. Increased risks of supply in-
stability require the development of strategies
for more efficient use of resources, recycling,
material substitution and investment in the ex-
ploration of new deposits with minimal envi-
ronmental impact.

ENVIRONMENTAL PRESSURES

Mining activities have a complex and mul-
tifaceted environmental impact, manifest-
ed through greenhouse gas emissions, land
degradation, water contamination, biodiver-
sity loss and increased noise and dust in lo-
cal communities. The energy-intensive pro-
cesses of crushing, grinding and flotation of
ore require large amounts of electricity and
water, which ultimately leads to an increase
in the carbon footprint and pressure on lo-
cal water resources. Data from the Interna-
tional Energy Agency (IEA) [29] and the
International Council on Mining and Metals
(ICMM) [31] from 2023 show that the min-
ing sector contributes approximately 7% of
total industrial CO, emissions globally, with
the largest share of open pit mining and met-
allurgical processing.

The results show that the negative impacts of
mining activities on the environment most fre-
quently occur in the following areas:

- Water resources — in the period 2010-2020.
average water consumption per ton of ore
increased by about 18% [14, 15, 16, 17, 18,
19]. This is a consequence of decrease in the
metal content, which requires a larger volume
of processing and more intensive leaching.

- Soil and water contamination - leakage of
acid mine drainage leads to the dissolution
of heavy metals and their entry into
water courses, with long-term effects on
ecosystems.

- Biodiversity and landscape - large open pit
mines and tailings dumps cause habitat loss,
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Kyjy TyOMTaK cTaHuMIITa, parMeHTaIjy
€KOCHCTeMa U TpajHe IIpOMeHe Yy Mopdo-
JIOTUjy TepEHa.

[Ipomaranuja 3arabemwa y pysapckum 3oHama
OTBOpPEHNX KOIIOBA IIPMKAa3aHa je LIeMaTCKU
Ha Caunn 1.

Open pit mine Tailings dump

ecosystem fragmentation and permanent
changes in terrain morphology.

The propagation of pollution in open pit min-
ing zones is shown schematically in Figure 1.

and Sediment

groundwater

sSiorage

Cnuxa 1, Hlemaiticku dpuxa3 iokosa 3aiaheroa y pygapckum 30Hama oili60peHUx Koiosa
Figure 1, Schematic representation of pollution flows in open pit mining zones

Pesynratu ncrpakusama 1okasyjy Aa cy pyaap-
cke 30He y Cpbuju Hajuemhe IjpHe Tayke M-
BOTHe cpeayuHe. 3arahyjyhe marepuje, mpe cBera
TEIIKM MeTaly M HoayMeTanyu (6akap, apceH,
0JI0BO, KaJMIjyM), TIOC/Ie VCIYILITamba y IOBp-
IIMHCKe Bofie (peke, je3epa) MOCTENEHO Ipera-
3e 13 BofieHe (ase y UBPCTY a3y U Taloxe ce
Y DOIJM CTI0jeBMMa PEYHOT, MJIN je3ePCKOT IHA.

XeMMjcKa peakluja ce OfiBMja TaKO IUTO ce
pacTBOpeHe joHCke (opMe MeTana Bedyjy 3a
4ecTulie IN1He, OPIaHCKY MaTepujy M OKCHUfie
rBoxxha/MaHraHa, Ima ce Tajo)Xe Kao Hepac-
TBOP/bMBA jeIbEIba.

JenHoMm kapm ce mertamu Haby y cemuMeHry,
OHU OCTajy IyTO, 4ecTo flelleHjaMa, U MOTy
noHoBo Ipehn y Bogy ako mobe mo mpomene
pH, OKcMEAIMOHO pefyKIMOHUX YCI0Ba WU
XUZIpOAMHAMMKE, IITO y pe3yaTary jjaje fAyro-
pouHM pe3epBoap 3arahema.

Exonomky pusuk je 3HauajHo nosehan, jep
CeVIMEHT IOCTaje ,CKIAANIITe  TOKCUYHUX
MaTepuja Koje MOTY YJIa3!UTH y JIaHal] ICXpaHe
(6bnoakymynanyja y fHy, IIKO/bKaMa, pubama).

Cpbuja nma ayry pymapcky tpaguuyjy (bop,
Majpannex, Tpemya) [20], mTo je moHeno 3Ha-

Research results show that mining zones in Ser-
bia are the most common environmental black
spots. Pollutants, primarily heavy metals and
semi-metals (copper, arsenic, lead, cadmium),
after being released into surface waters (rivers,
lakes) gradually pass from the aqueous phase to
the solid phase and settle in the lower layers of
the river or lake bottom.

The chemical reaction occurs as dissolved ionic
forms of metals bind to clay particles, organic
matter, and iron/manganese oxides, and are de-
posited as insoluble compounds.

Once metals are in sediment, they remain
for a long time, often decades, and can be
re-introduced into the water if there is a
change in pH, redox conditions, or hydrody-
namics, resulting in a long-term reservoir of
pollution.

The environmental risk is significantly in-
creased, as sediment becomes a “storage” of
toxic substances that can enter the food chain
(bioaccumulation in the bottom, shellfish,
fish).

Serbia has a long mining tradition (Bor, Ma-
jdanpek, Trepc¢a) [20], which has brought sig-
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JajHe eKOHOMCKe OeHedure, anmym U 0361M/bHE
€KOJIOLIIKe TTOCIIEIILIe:

1. Bopcku pymapcKo-MeTaTypuIKyu 6aceH:

- JleneHujcka excruroaranuja 6akpa o-
BeJa je O aKyMy/laluje jaJloBUINTA U
noBehaHuMX KOHIEHTpalyja TEeIIKUX
MeTana (apceH, KaMUjyM) Y OKOTHOM
3eM/BUIITY ¥ BOJOTOLMMA.

- Emucwuje SO, 13 Tonmonnne, nako cMa-
IbeHe MOJEPHU3ALMjOM IIOCTpOjerba
y 2021. rommuu [21], m pa/pe mpen-
CTaB/bajy 13a30B 33 KBAJIMTET Ba3gyxa
n s,upaB)be CTaHOBHUMIITBA.

2. Japapcku 6aceH (IIOTEHIVjATHO JIEKMIITE
TUTHjyMa):

- Moryhu ytuuaju yxmydyjy usMmeHy
BOJHOI peXMMa peKe Jajap, CTBa-
pambe BEIMKMUX KOIMYMHA ja/loOBMHE
ca pMU3MKOM Of Liypema y IOf3eMHe
BOJIe U JleTpajaliljy I0/bONPUBPESHOT
3eM/bUIITA.

- JlokasHe 3ajefHuIle N3pakaBajy 3a0pu-
HYTOCT 300T HeJIOCTAaTKa TPAHCIIAPEHT-
HOCTM U JYTOPOYHMX TapaHIja 3a pe-
KY/ITUBaLYjy.

3. Crapa janoBuuTa M HeCaHUTApHE J[EIO-
Huje:

- Ha Bume nokanuja (Cromune, 370T,
3BevyaH) MpPUCYTHM Cy HaclteheHn
Ipo6/IeMy HEKOHTPOJIVICAHOT IIyperba
TEIIKMX MeTasla ¥ KUCeMX BOJja y ped-
He CHCTeMe, IITO pe3ylITHpa XpOHUY-
HUM 3arabemeM.

Pesynratu aHanmmse IopaTaka M3 KOMOMHUX
jaBHO JOCTYyNHUX wu3BemTaja Mebynaponne
areHnuje 3a eHepretuxy (IEA) [29], Mebys-
JIAIVHOT IIaHela O KIMMAaTCKMM IpOMeHaMa
(IPCC) [32], jaBHM M3BeLITaju TepMOeNIEKTpa-
Ha [33, 34] 1 aka/IleMCKIX CTyAMja O eMICHjaMa
YIJbeHAMOKCU/A, CYMIIOPAMOKCHU/A, MOTpPO-
IIEbe BOJIE VI Cap>Kaja TeLIKVX MeTaa y Cefiu-
MEHTY Ha HeKMM IocTojehyM M ItaHuMpaHuM
nokanmjama y Cpbuju [22] cy npmkasanm y
Tab6enu 3 y3 nopeheme ca pedepenTHNM Bpef-
HOCTMMa IIpoceyHuM 3a EY.
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nificant economic benefits, but also serious en-
vironmental consequences:

1. Bor Mining and Metallurgical Basin:

- Decades of copper mining have led
to the tailings storage and increased
concentrations of heavy metals (arsenic,
cadmium) in the surrounding soil and
waterways.

- SO, emissions from the smelter,
although reduced by modernization of
the plant in 2021 [21], continue to pose
a challenge to air quality and public
health.

2. Jadar Basin (potential lithium deposit):

- Possible impacts include alteration
of the water regime of the Jadar
River, generation of large amounts
of tailings with risk of leakage into
groundwater, and degradation of
agricultural land.

- Local communities express concerns
about the lack of transparency and
long-term guarantees for reclamation.

3. Old tailing dumps and unsanitary land-
fills:

- In several locations (Stolice, Zlot,
Zveclan) there are inherited problems
of uncontrolled leakage of heavy metals
and acidic waters into river systems,
resulting in chronic pollution.

The results of the analysis of data from com-
bined publicly available reports of the Inter-
national Energy Agency (IEA) [29], the In-
tergovernmental Panel on Climate Change
(IPCC) [32], public reports of thermal power
plants [33, 34] and academic studies on car-
bon dioxide, sulphur dioxide emissions, wa-
ter consumption, and heavy metal content in
sediment at some existing and planned sites
in Serbia [22] are presented in Table 3, along
with a comparison with the EU average refer-
ence values.
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Tabena 3, Kwyunu unguxaitiopu yimiuyaja pygapcinea Ha sueoiminy cpequny (ipumep Cpbuje)
Table 3, Key indicators of the impact of mining on the environment (example of Serbia)

Majnannex PedepentHa BpegHOCT
[Tapamerap Bop (2023) (2023) Jamap (nmpojexuuja) (EY)
Parameter Bor (2023) Majdanpek Jadar (projection) Reference value
(2023) (EU)

Enmenja CO» (Vrom) |y 550 000 ~380.000 450.000 -

CO, emissions (t/year)

SO, (mg/m® Basnyxa) | 40-80 (mux >100) 30-50 _ <20 (mumur)
SO, (mg/m” air) 40-80 (peak >100) <20 (limit)
ITorpouma Boze

3
T (m®/Tona) ‘ 42 38 5.0 <3,0 (mobpa Hpa1‘<ca)
Water consumption <3,0 (good practice)
(m?/ton)
Temxn metamm y Cu <50
cepuMeHTy (mg/kg) Cu 320. As 75 Cu 210. Pb 55 Li_ As <20 (opujeHT.)
Heavy metals in ’ ’ Cu <50
sediment (mg/kg) As <20 (approx.)

Pesynratu ncrpaxusama y Cpbuju cy moka-
3a;u fia je y 3oHama bopckor Tumoka u Ilexka,
BUILETOAIMIIHA AKTVBHOCT PY/JHYKA JIOBE/IA 10
nosehaHux koHUeHTpanyja 6akpa (Cu), onoBa
(Pb) m apcena (As) y cenumenTuMma [23], mro je
NOTBph)eHO MOHUTOPUMHIOM ¥ UCTPAKUBAHY-
ma Teonmomxor 3asopa [35].

AxyMynanmja y CeIMMEHTY je OIacaH TpaHC-
¢ep 3arahema u3 Bofle y HAaHOC Ha JHY, KOjU
BpeMeHOM JieNyje Kao ,apxuBa“ 3arahusada u
HOTeHIVja/THM CeKYHapHY U3BOP, aKO YCTIOBM
OKpYy»Xemwa oMoryhe moHoBHO ocnobabame.

Vimmukanyje oBakBux 3arabema yTudy He-
raTVBHO Ha BojHM OwraHc. Pactyha koHky-
peHuja usmeby MHAyCTpUje, MO/BONIPUBpPeEne
u pomahmHCTaBa y fONMMHaMa BeJIMKUX peKa
3aXTeBa KBaIUTAaTUBHY U KBAHTUTATUBHY KOH-
TPOJY ¥ peLUKIIaXy IPOLIeCHUX BOJA.

Pesynrat oBakBux 3arahema y Cpbuju cy ny-
ropouny pusunnu. Hacnehenn crapu pymapckn
00jeKTy 3axTeBajy caHaljy, jep IpefCcTaB/bajy
JIATEHTHM M3BOP XPOHUYHOTr 3arabema. Cxop-
HO TOMe je IIOTPeOHO NMPUIATOfUTY U 3aKOHO-
maBcTBO. ViMmnemeHtanuja EY pgupextuBa o
yIpaB/balby OTIAZOM U BOJAaMa OCTaje 13a30B,
N0CeOHO Y CETMEHTY MOHUTOPMHTA U TPAHCIIa-
PEHTHOCTHM IofaTaKa.

Research results in Serbia have shown that in
the Borski Timok and Pek zones, long-term
mining activity has led to increased concentra-
tions of copper (Cu), lead (Pb) and arsenic (As)
in sediments [23], which has been confirmed
by monitoring and research carried out by the
Geological Survey of Serbia [35].

Sediment storage is dangerous transfer of pol-
lution from water to sediment, which over time
acts as an “archive” of pollutants and a potential
secondary source, if environmental conditions
allow for re-release.

The implications of such pollution have a neg-
ative impact on the water balance. Growing
competition between industry, agriculture and
households in the valleys of large rivers re-
quires qualitative and quantitative control and
recycling of process waters.

Such pollution in Serbia carries long-term
risks. Inherited old mining facilities require
rehabilitation, as they represent a latent source
of chronic pollution. Accordingly, legislation
needs to be adjusted. Implementation of the
EU directives on waste and water management
remains a challenge, especially in the segment
of monitoring and data transparency.
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YBUIW N3 CTYANJA CIIYUAJA

AHanmusa ynopegHux npumepa us Aycrpainmje,
Yunea, CpOuje u 3eMapa ca HajpasBUjeHUjUM
CHCTEMMMA YIpaB/balkba PYLAPCTBOM  OMO-
ryhaBa ma ce pasMoTpe CTBapHIU JOMETH IpH-
MEEHUX TIOMNTUKA Y TEXHONOWKMX pellerha
Y KOHTEKCTY OFPKMBOCTY U 3aLUTUTE XKMBOTHE
cpenuHe. YMECTO M30/I0BAHOT IPUKa3a YMEbe-
HULIA, OBJle Cy Pe3yATaTy MHTETPMCAHU y Ha-
paTuB KOji yKasyje Ha K/by4He 3aKOHUTOCTU U
HOyKe pe/IeBaHTHE 3a CPIICKI PYJapCKU CEKTOP.

Y AycTpammju ce TOKOM IOCTENH€ [iBE Jie-
LeHUje  pasBMO  KOHIENT  MHTETPUCAHOT
yIpaB/pama pecypcuma [24] koju mcroBpe-
MEHO y3uMa y 003up moTpebe Impuspene u
O4yBame EKOCHCTeMA. YCBajameM 3aKoHa O
3aIITUTYU >XMBOTHE CpefiuHe U OMommBep3nu-
teta (EPBC) cTBOpeH je mpaBHU OKBMP KOju
He JONyIITa OTBapame BeIMKOT PyJHMKa Oe3
cBeoOyxBaTHe IpOIleHe YTHUIIdja M jaBHe pac-
npase. VicTpaxuBama II0Ka3yjy fja je CIUCTeM
LIIPOTPeCUBHE peKyITUBalyje’, Ipyu KoMe
ce Beh MCKOIaHe MOBpIINHE IAPATETHO 00-
HaB/bajy TOKOM pajia KOIIa, 3Ha4YajHO CMarmbuo
ferpajanyjy sem/buinTa 1 omoryhmo spahame
byHKIMOHAMHNUX eKocucTeMa Ha mpeko 40%
IOBPIINHA Y POKY Off II€T TOAVHA I10 3aBPIIET-
Ky ekcroaranuje. JlomaTHo, yBobeme cysor
OfiTarama jajoBMHE U 3aTBOPEHMX KDPyroBa
BOJIe CMAbIJIO je PUSVIK Off MI3/IMBakba Vi IyOuT-
Ka BOJe, IITO Ce IT0CeOHO UCTIYE Y TOTyCYII-
HUM NOApyYjuMa 3amagHe AycTpanuje.

Umurne, kao Bogehu cBeTcku mponsBohay H6akpa,
CyodaBa ce ca M3pasUTUM BOTHNUM AepuInToM
y apupgHMM 30HaMa Arakame [25]. Pesynra-
TU IIpMMEHE IIOCTPOjera 3a AeCalTMHU3ALN)Y
II0Ka3yjy fa je BMIIe Of MOJTOBMHE HOTpebda
BOfle 3a BeNNMKe PymHMKe, IOmyT EckoHmupa,
o6e36eheHo M3 MOpCKUX M3BOPA, YMMe je 13-
6eI‘HyT IIPUTHMICAK HA ITIOA3EMHE U ITIOBPIINHCKE
ToKoBe. [TapajenHo, CHCTeM OHJIajH MOHUTO-
PpMHIa emMucuja mpammHe ¥ CyMIIOp-AMOKCHA
oMoryhaBa TpeHYTHO pearoBarbe HaJJIeXKHUX
CTy>KOU ¥ TPAHCIIAPEHTHOCT IIpeMa jaBHOCTH.
OBaxBa IIpakca He CaMo Jja PefyKyje HeraTus-
He yTuiaje Beh ¥ JOIPMHOCH U3Tpajiby II0-
Bepema JIOKA/IHMX 3ajefHNIIA, IITO Ce yodaBa
KpO3 cMameme Opoja KoH(IMKaTa 1 IPaBHUX
CIIOpOBa HAKOH yBODema OBUX Mepa.
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INSIGHTS FROM CASE STUDIES

Analysis of comparative examples from Aus-
tralia, Chile, Serbia and countries with the most
developed mining management systems allows
us to consider the real scope of the applied pol-
icies and technological solutions in the context
of sustainability and environmental protection.
Instead of an isolated presentation of facts, here
the results are integrated into a narrative that
points out key regularities and lessons relevant
to the Serbian mining sector.

In Australia, the concept of integrated resource
management [24] has developed over the past
two decades, simultaneously taking into ac-
count the needs of the economy and the pres-
ervation of ecosystems. The adoption of the
Environmental Protection and Biodiversity Act
(EPBC) created a legal framework that does
not allow the opening of a large mine without
a comprehensive impact assessment and pub-
lic debate. Research shows that the system of
“progressive reclamation’, in which previously
excavated areas are restored in parallel during
mining operations, has significantly reduced
soil degradation and enabled the restoration of
functional ecosystems to over 40% of the areas
within five years of the end of exploitation. In
addition, the introduction of dry tailings dis-
posal and closed water circuits has reduced the
risk of spills and water loss, which is particular-
ly emphasized in the semi-arid areas of West-
ern Australia.

Chile, the world’s leading copper producer,
is facing severe water shortages in the arid
Atacama Desert [25]. Results of implemen-
tation of desalination plants show that more
than half of the water needs of large mines,
such as Escondido, are met from sea sources,
thus avoiding pressure on groundwater and
surface watercourses. In parallel, an online
monitoring system for dust and sulphur diox-
ide emissions enables immediate response by
the relevant authorities and public transpar-
ency. This practice not only reduces negative
impacts but also contributes to building trust
among local communities, as can be seen in
the reduction in the number of conflicts and
legal disputes following the introduction of
these measures.
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Cpbuja ce Ha/lasy y TPaH3UIVIOHOM IIOTIOXKajy,
I/ie UICTOPMjCKY Hacnehern mpobmemu — moce6-
Ho y bopy 1 Majmanneky - u game ontepehyjy
KBAJIUTET BOJIE U CEAVIMEHATA TEIIK/M METa/IN-
Ma [26]. HoBu 3aK0OH 0 pyfapCTBY 1 Fe0/IOMKIM
uctpaxmpamyma (2021) mocTaBmo je TeMerb
3a ycarlallaBambe Ca €BPOICK/M E€KOTOMIKMM
CTaHJApAIMMA, /N CIpoBobheme OCTaje M3a30B
300r OrpaHMYEHMX MHCIEKIUjCKMX KaIlaluTe-
Ta U HEMOBO/bHE JUTUTANM3ALMje MTOfaTaKa. Y
MOjeNVHUM IIPOjeKTUMa, IOIYT UCTPaXK1Batba
MTHjyMa y JONMMHY Janpa [27], 3aXTeBu jaBHO-
CTM 3a TPAHCIIAPEHTHOCT U 3AIUTUTY XMBOTHE
CpenuHe IOBENN Cy [0 CYCIEeH3Mje aKTUBHOCTH
VI OTBOPW/IM PacIpaBy O COLMjaJHOj JIMILEH-
1y 3a pafl. Vnak, mmiIoT-mpojekTi pennKiaxe
CTapMX ja/IOBMHA U MPETBaparba OTHAJHUX Ma-
Tepujana y CEKyHJapHe CMPOBMHE IIOKa3yjy fa
HIOCTOjM TIOTEHILIMja/l 32 yBODemwe IMpKyTapHe
ekoHoMuje y pysapctBo Cpouje.

YBup y npakcy Hopsemke [36] n Kanazme maje
iparolieHe CMepHUIe 3a Ja/be YyHampeheme.
Hopsemika je passmia crenudndad MOfeN Of-
narama y (jopmoBuMa y3 CTPOr MOHUTOPUHT
KOHIIEHTpalyja TEeIIKNX MeTala, Y/Me je pUsMK
3a 6I/IOTy CBC€ICH HAa MIHJMA/IaH HUBO "1 OMO-
ryheHo KOHTVMHYMpaHO npaherse KyMy/TaTHBHIX
eexara. Kanapa, ¢ gpyre cTpaHe, MHCHUCTIPa Ha
M3pajgy JeTa/bHOr IUIaHA 3aTBapama pyLHMKA
IIpe T0YeTKA Pafia, Y3 aKTUBHO YK/by4MBabe I0-
MOPOZAUKIX 3ajeJHNLIA Y TPOLEC OITY4MBaIba
Jieberbe eKOHOMCKMX kopuctu [28]. Takas mpu-
CTYII He CaMo fla CMambyje MOTeHIMjaTHe CyKobe
HEro Ipajiit JyrOpOYHU APYIITBEHM KOHCEH3YC O
IIpUXBAT/bMBOCTN PyAAPCKMX aKTUBHOCTU.

Ynopennu pe3ynTaTi yKasyjy fa cy epMKacHOCT
Mepa I CTelleH IPUXBaTamba PYAAPCKIX IIpoje-
KaTa y BE/IMKOj MepM YC/IOB/bEHN TPAHCIIAPEHT-
Houhy, NpaBOBpeMEHUM YK/bydMBameM jaB-
HOCTIU ¥ TeXHIMYKVM pellemyMa Koja CMambyjy
BOJHI I €HEePreTCKN OTUCaK. JloK 3eM/be Oy T
Aycrpanuje u Unnea geMOHCTpMpajy fja ce U Y
MHTEH3VBHOM PYJApCTBY MOTYy mocTuhu Buco-
KII eKOJIOLIKY CTaHfapay, NcKycta Hopserke
n Kanage HarmamraBajy BaKHOCT IIpefBUAU-
BUX PETYIATOPHNUX MeXaHN3aMa U COLMjaTHe
munente. 3a Cpbujy, Koja HacToju fa moseha
yueuthe pymapcrsa y B[II-y, moyka je ma 6e3
yHampehewa MOHMTOpMHrA, TpaHCIAPEHT-
HOCTYM M YK/by4MBamba JIOKATHUX 3ajeJHMIA

Serbia is in a transitional situation, where his-
torically inherited problems - especially in Bor
and Majdanpek - continue to burden water
quality and sediments with heavy metals [26].
The new Mining and Geological Exploration
Act (2021) has laid the groundwork for compli-
ance with the European environmental stand-
ards, but enforcement remains a challenge due
to limited inspection capacity and insufficient
data digitization. In some projects, such as lith-
ium exploration in the Jadar Valley [27], public
demands for transparency and environmental
protection have led to suspension of activities
and opened a debate on a social work permit.
However, pilot projects for the recycling of old
tailings and the conversion of waste materials
into secondary raw materials show that there
is potential for introducing a circular economy
into Serbia’s mining industry.

Insights into the practices of Norway [36] and
Canada provide valuable guidance for further
improvement. Norway has developed a specific
model for disposal in fjords with strict mon-
itoring of heavy metal concentration, which
minimizes the risk to biota and allows for con-
tinuous monitoring of cumulative effects. Can-
ada, on the other hand, insists on the develop-
ment of a detailed mine closure plan before the
beginning of operations, with active involve-
ment of indigenous communities in the deci-
sion-making process and sharing of economic
benefits [28]. Such approach not only reduces
potential conflicts but also builds long-term
social consensus on the acceptability of mining
activities.

Comparative results indicate that the effective-
ness of measures and the degree of acceptance
of mining projects are largely determined by
transparency, timely public involvement and
technical solutions that reduce water and ener-
gy footprints. While countries such as Australia
and Chile demonstrate that high environmen-
tal standards can be achieved even in intensive
mining, the experiences of Norway and Can-
ada emphasize the importance of predictable
regulatory mechanisms and social licences. For
Serbia, which is striving to increase the share of
mining in the GDP, the lesson learned is that
without improved monitoring, transparen-
cy and involvement of the local communities,
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HeMa AYTOpOYHe OfP>KMBOCTY HM APYIITBEHE
IMPUXBAT/BUBOCTH PYIaPCKMX O yXBaTa.

VICKOITABATBE I KBAJIUTET YIJbA
Y CPBUN

Cpbuja pacnonake 3Ha4YajHMM pe3epBaMa
JMTHUTA, mpe cBera y Komy6apckom n Kocro-
JMayKoM 6OaceHy, ca YKYIHMM IIPOLCHEHUM
KONMM4YMHaMa Ipeko 4 Mmunmjappe ToHa [37].
JIurauT ynHM Bue of 65% IpuMapHe eHep-
TUje y €/IeKTPOEHEPreTCKOM MUKCY 3eMJbe.
MebhyTrM, KBamuTET OBOT YI/ba j€ PETaTUBHO
HU3aK — KapaKTepulle Ia BMCOKA BJIaXKHOCT
(mo 50%), HM3aK IO Cpefmy JOHmYU TOIUIOTHU
noteHuujan (7-9 MJ/kg) u nosehan cagpxaj
nernesa ¥ cymmnopa. Ta cBojcTBa ycimoBbaBajy
Behy crenndnyny noTpomy 1o npoussepe-
HoM kWh u Bumy emucujy CO, y nopehemwy
ca yI/beM BUILET KBa/JNUTETa KOjU c€ KOPUCTHU Y
IIOjeIHUM pa3BMjeHNM 3eM/baMa.

Tepmoenextpane ,Hukomna Tecnma“ n ,,Kocro-
Mal’ cy IJIaBHM HOTpoayy gomaher muranra
u n3Bop oko 70% HaumoHnanHux emucuja CO,
u3 eHepreTckor cekropa [38]. Husak crenen
edukacHOoCTM cTapux 67mokoBa (25-33%) po-
matHo mosehaBa emucujcku ¢akrop. ITpena-
3aK Ha TEXHOJIOTHje Ca BMUIIMM CTEIEeHOM MC-
kopuihemwa, caHanuja ryburaka u yBoheme
cucTeMa 3a Jecyndypusanyjy IpefcTaB/bajy
K/by4He KOpaKe 3a CMamele YI/beHNYHOT
OTHCKA. Y KOHTEKCTy eBpOIICKE eHepreTcKe
TpaHsunyuje, Cpbuja he moparu ma npencnura
AYTOPOYHY Y/IOTy TUTHUTA U yOp3a ynarama y
0OHOBJBMBE M3BOPE €HEepTyje ! Mepe eHepreT-
CKe e(pMKaCHOCTI.

Pesynratum cratumcTMykux aHanmmsa MehyHa-
POIHOT MOHMTOPMHTA KBa/IUTeTa HEKUX YI/be-
Ba [29] y Cpbuju u Hekum 3embama EY [32] ca
HOC/IeANIHNM eMucujama [33] cy mpukasanm y
Tabenn 4.

Emucuja CO, no kWh Bapupa y 3aBucHocTH
o7 KBa/jmTeTa yrba (Of cafpskaja Biare, CyM-
Topa, Iernerna), epuKacHOCTI OCTpOjerba, Ha-
4yHa paja (IyH KalauuTeT, IIOJIOBUYAH paj),
Kao ¥ Off Mepa Kao LITO Cy pasHU CUCTeMMU 3a
CMambembe eMICHja.
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there is no long-term sustainability or social
acceptability of mining ventures.

MINING AND QUALITY OF COAL
IN SERBIA

Serbia has significant reserves of lignite, pri-
marily in the Kolubara and Kostolac basins,
with total estimated quantities of over 4 bil-
lion tons [37]. Lignite accounts for more than
65% of primary energy in the country’s electric
power mix. However, the quality of this coal
is relatively low - it is characterized by high
humidity (up to 50%), low to medium lower
heating potential (7-9 M]J/kg) and increased
ash and sulphur content. These properties re-
sult in higher specific consumption per kWh
produced and higher CO, emissions compared
to higher quality coal used in some developed
countries.

The Nikola Tesla and Kostolac thermal pow-
er plants are the main consumers of domestic
lignite and the source of about 70% of national
CO, emissions from the energy sector [38]. The
low efficiency of old units (25-33%) further in-
creases the emission factor. Switching to tech-
nologies with higher efficiency, remediation
of losses and introduction of desulphurization
systems are key steps for reducing the carbon
footprint. In the context of the European ener-
gy transition, Serbia will have to reconsider the
long-term role of lignite and accelerate invest-
ments in renewable energy sources and energy
efficiency measures.

The results of statistical analyses of interna-
tional monitoring of the quality of some coals
[29] in Serbia and some EU [32] countries with
the resulting emissions [33] are presented in
Table 4.

CO, emissions per kWh vary depending on
coal quality (moisture content, sulphur, ash),
plant efficiency, operating mode (full capac-
ity, half-load operation), as well as measures
such as various emission reduction systems.
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Tabena 4, Ilopehete wotinoininol domienyujana u emucuja CO, us yima (fipocek)
Table 4, Comparison of thermal potential and CO, emissions from coal (average)

oy TOnIOTHN
MOTeHIMjas Emucuje CO,
3emrpa / Pernon Tum yrpa (M]/kg) (g/kWh) Hamomena
Country / Region Coal type Lower heating | CO, emissions Note
potential (g/kWh)
(M]/kg)
TE ,Huxoma Tecna®, Hucka
Cpbuja (Konybapa) JIurHuT 1.050-1.150 epuKacHOCT
Serbia (Kolubara) Lignite ’ ’ TPP “Nikola Tesla”,
low efficiency
Hemauka (JIysaruja) JIuraut CaBpemenn 6710koB1 >38%
~ . . 950-1.000 .

Germany (Lusatia) Lignite Modern units >38%
IMorbcka Kamenn yram Cpenma epuKacHOCT

Poland Hard coal 18-22 850-900 Medium efficiency
AYCTpaTI.I/I]a Kamenn yram 2225 820-860 BMCQK KBa/UTeT yIyba

Australia Hard coal High quality coal

CAJl (ITPB - Bajomunr) | Cy66uTyMUHO3HN 16-19 880-930 MopepHe enexkTpaHe

USA (PRB - Wyoming) | Subbituminous Modern power plants
IIVICKYCUJA DISCUSSION

Pymapcka nHAycTpuja je jema op cTyb6oBa eKo-
HOMCKOT pasBoja, jep 00e36ebyje HeorxonHe cu-
POBUHE 3a €HEpreTUKY, MHAYCTpuUjy rpabheBnH-
CKIX MaTepujajia, BYCOKOTEXHOJIOIIKE CEeKTOpe
¥ HoJpONIpUBpeny. MehyTnm, ncropujckn passoj
pymapctBa 6mo je mpaheH OpojHNM HeraTUBHUM
Hoc/egyIamMa — JerpalalijoM 3eMJBMINTA, 3a-
rahermeM Bojie 11 Bas[yxa, yHUIITaBabeM OVOfN-
Bep3NTeTa 1 030V/PHUM YTUIIAjIMa Ha 3[paBIbe
JIOKa/IHUX 3ajefHUIA. 3aTO Ce Yy CaBpeMeHUM
yc/oBMMa I106a3anyje 1 KIMMAaTCKUX IIpoMe-
Ha, IT0CTaB/ba MMIIEPATVB 32 HOBUM IIPUCTYIIOM
yIpaB/baby PyapCKUM aKTYBHOCTVIMA.

HepocraTak pecypca, HApO4YMUTO PETKUX MeTa-
7Ia M MMHepasia Koji CY K/byYHU 33 IUTUTATHY
Y eHepreTcKy TpaH3uuujy (IMTujym, Kobant,
HMKJI, peTKe 3eM/be), YC/IOB/baBa IIPOMEHY
CTpaTeruje M 3aXTeBa pasBOj ONPXKUBUX MO-
Jiena ylpas/bama. [IuTame ofp>XMBOCTU Huje
BUIIIe caMo om1yja Beh Hy>)KHOCT Koja 06yxBa-
Ta cBe ¢ase PyHapCKOT LMKIyca — Of UCTpa-
JKMBamba U €KCIUIOATallMje 10 peKy/ITUBaLMje 1
3aTBapama pyHUKA.

Y TOM KOHTEKCTY, CTpaTellIKo yIpaB/bakbe Py-
HapemeM Tpeba IIOCMAaTpaTH Kao CUHTE3y AY-

The mining industry is one of the pillars of
economic development, as it provides the nec-
essary raw materials for the energy sector, the
construction materials industry, high-tech sec-
tors and agriculture. However, the historical
development of mining was accompanied by
numerous negative consequences — land degra-
dation, water and air pollution, destruction of
biodiversity and serious impacts on the health
of local communities. Therefore, in the modern
conditions of globalization and climate change,
an imperative is set for a new approach to the
management of mining activities.

The lack of resources, especially rare metals and
minerals that are key to the digital and energy
transition (lithium, cobalt, nickel, rare earths),
necessitates a change in strategy and requires
the development of sustainable management
models. The issue of sustainability is no longer
just an option but a necessity that encompasses
all phases of the mining cycle - from explora-
tion and exploitation to reclamation and mine
closure.

In this context, strategic mining management
should be seen as a synthesis of long-term

89




Wean Cinesosuh, Diana Mihaela Tircd, Citipaitieuixo yipasmarbe pygaperem y ceeiiisty HegoCiamiika pecypea u u3azosa ogpiusociiu
u 3auiitiutiie xusotire cpegume (77-95)
Ivan Stevovié, Diana Mihaela Tircd, Strategic Mining Management in Light of Resource Scarcity and Sustainability

and Environmental Protection Challenges (77-95)

TOPOYHOr IUIaHMparba, yIpaB/batba PUSKLIN-
Ma, MMIUIEMEHTALMje YUCTUjUX TEXHOIOTMja U
IOLITOBAkba IPUHIMIA APYIITBEHE OArOBOP-
HOCTHU. YIIPaBO OBaKBa MHTErPajHa MEepPCIeK-
TBa oMoryhasa fa pymapcTBo He Oyzie caMo
MHAYCTpUja eKcIutoaTanyje, Beh 1 cektop koju
MOXKe Jja IONpMHEeCe OCTBApUBalby I7I00ATHIX
LIM/bEBA OJPXKUBOI PasBoja.

AHanM30M TPEHYTHOT CTaka PyJapcTBa y cBe-
Ty youaBa Ce HeKONMKO K/bYYHUX TPEeHIoBa:

- Dio6anHu mopact HOTpaXKibe 3a KPUTUIHIM
MmyHepamuMa: IIpema mpouenama Mebyna-
ponHe areHIyje 3a eHeprujy [29], mo 2040.
TOfyiHe MOTPXIba HIIP. 38 MUTHjyMOM 61the
yBehana 3a wetupy fo et myrta. CramaHn
TPEH/IOBU YOUaBajy Ce U 3a KOOAIT 1 HUKIL,
IIITO CTBApa IPUTHUCAK Ha IT0cTojehe pecypce.

- HepocTatak eKONOIIKM OAP>XMBMX ITpaK-
ci: Y MHOTHUM 3eM/baMa y pa3Bojy, pyAap-
CTBO C€ jOII YBEK 3aCHMBA Ha 3aCTape/IuM
TeXHOJIOTHjaMa Koje JOBOJie 1O IIpeKoMep-
He IIOTPOLIbE BOJie, eHepruje u 3arabhema.

- Tlotpeba 3a LUpKyIapHOM eKOHOMMjOM:
Pecypcu m3 cexyHpmapHumx wussopa (pe-
IMK/IaXka eJIeKTPOHCKOT OTmaja, obpasa
VHJYCTPUjCKUX OCTaTaka) IIOCTajy CBe
Ba)XHU)!, jep MOIY JeIVMMUYHO 3aMEHUTH
NPYMAPHY eKCITOaTalujy.

- Exomomka pexyntusanuuja: MogepHe cTpa-
TeTuje pymapema MOpajy YK/bYIUTH ILIa-
HOBE 3a PEKYITMBALMjy MPOCTOPAa HAKOH
3aTBaparba PyJHMKA/OTBOPEHUX KOIIOBA,
IITO IOf;pa3yMeBa MOIIyM/baBatbe, OOHOBY
3eM/BMILTA ¥ Pa3BOj HOBMX HaMeHa (eKo-
TypM3aM, IO/bOIIPUBPETIA).

- [pymTBeHa OATrOBOPHOCT: YCIIENIHM IIPU-
mepu (Hnp. Kanaza) mokasyjy ma ykmpyun-
Babe JIOKATHUX 33jeJHNUIIA Y IIPOLIeC OJTy-
4MBama CMamyje KoHbmuKTe n nosehasa
NPUXBAT/BUBOCT PYyAAPCKMX IIpOjeKaTa.

CrparellIKy UCIIpaBaH IPUCTYI ONTUMATHOM
yIIpaB/balby MMHEPATHUM pecypcuMa Mopa fia
Canp>X1, aIn 1 Jla He Oy/ie OrpaHIYeH Ha:

- Ekormomiky aHanmusy - IpolieHa yTuliaja

pyHapcTBa Ha 3eM/bUINTE, BOAY, Ba3AyX 1
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planning, risk management, implementation
of cleaner technologies and respect for the
principles of social responsibility. It is pre-
cisely this integral perspective that allows
mining to be not only an extractive industry;,
but also a sector that can contribute to the
achievement of global sustainable develop-
ment goals.

An analysis of the current state of mining in the
world reveals several key trends:

- Global growth in demand for critical min-
erals: According to estimates by the Inter-
national Energy Agency [29], by 2040, de-
mand for, for example, lithium will increase
by four to five times. Similar trends are ob-
served for cobalt and nickel, which creates
pressure on existing resources.

- Lack of environmentally sustainable prac-
tices: In many developing countries, min-
ing is still based on outdated technologies
that lead to excessive consumption of wa-
ter, energy and pollution

- Need for a circular economy: Resources
from secondary sources (e-waste recycling,
industrial residue processing) are becom-
ing increasingly important, as they can par-
tially replace primary exploitation.

- Environmental reclamation: Modern mi-
ning strategies must include plans for the
reclamation of areas after the closure of
mines/open pits, which includes affores-
tation, land restoration and the develop-
ment of new uses (ecotourism, agricul-
ture).

- Social responsibility: Successful examples
(e.g. Canada) show that involving local
communities in the decision-making pro-
cess reduces conflicts and increases the ac-
ceptability of mining projects.

A strategically sound approach to optimal min-
eral resource management must include, but
not be limited to:

- Environmental analysis — an assessment
of the impact of mining on land, water, air
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OuopuBep3uTeT, YK/bYdyjyhn emucuje ra-
coBa ca eeKTOM CTaK/IeHe Oamire.

- EKOHOMCKY aHa/mmM3y — aHa/lusa TPOLIKOBA
U KOPUCTY, YK/bydyjyhu gyropouse edexk-
Te Ha JIOKa/IHY U HAallMOHAIHY eKOHOMUJY.

- CouyjanmHe acreKkTe — IpolieHa yTHliaja py-
JapcTBa Ha JIOKa/IHE 3ajefHulle, 3aIloll/ba-
Baibe, 3[[paB/be CTAHOBHMIIITBA U MUTpalilje.

- Yopapjpame pU3MIMMa — M3paja CleHa-
puja 3a Moryhe exomomke ¥ eKOHOMCKe
Kpu3e y CeKTOpY.

I/I,ueHTI/[(bI/IKaLU/Ija €KOJIOIIKNX MHAMKATOpa
je 3HayajHa y NIPOLIEHM YITbEHMYHOI OTUCKa,
BOJIHOT OMJTaHCa U IyOMTKa 3eM/BUILITA, KA0 U
yIopefgHa aHa/IM3a HOpMaTUBHUX okBypa (EY
mupektuBe, ISO 14001 cranpappm) u npep-
CTaB/bajy K/by4He KOpaKe IpM CTPaTELIKOM
YIpaB/balby PyGapCKUM pecypcumMa.

Yuanpebemwe Crparemknx aHanmsa moryhe je
npuMeHoM SWOT (anammsa cHara, cmabocry,
npumka 1 npetsy, Cmka 2) n PESTEL (mo-
JIUTUYKOL, €KOHOMCKOL, [APYIITBEHOI, TEXHO-
JIOLIKOT, eKOJIOLIKOT ¥ IpaBHor, Crmka 3) mpu-
CTyma 3a UfeHTUUKALMY NPUINKA, pUSMUKa
1 HEOIIXOAHMX Me€pa y IUVIaHMpay pydapCKUX
AaKTMBHOCTI.

SWOT
aHaIH3a 3a CTPATEIlKO YIPaB/bakbe PyAapCTBOM

and biodiversity, including greenhouse gas
emissions.

- Economic analysis - an analysis of costs
and benefits, including long-term effects
on the local and national economy.

- Social aspects — assessment of the impact
of mining on local communities, employ-
ment, population health and migration.

- Risk management - development of sce-
narios for possible environmental and eco-
nomic crises in the sector.

Identification of environmental indicators is
important in the assessment of carbon foot-
print, water balance and soil loss, as well as
comparative analysis of regulatory frameworks
(EU directives, ISO 14001 standards) and rep-
resent key steps in the strategic management of
mining resources.

Improvement of Strategic Analysis is possible
by applying SWOT (Strengths, Weaknesses,
Opportunities and Threats Analysis, Figure 2)
and PESTEL (Political, Economic, Social, Tech-
nological, Environmental and Legal, Figure 3)
approaches to identify opportunities, risks and
necessary measures in planning mining activ-
ities.

analysis for strategic mining management

Cnuxa 2, SWOT ananusa 3a ynatipeherve clipaifiewskol yipasmarea pygapciiieom
Figure 2, SWOT analysis for improving strategic mining management
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Cnuxa 3, O6yxsaiti PESTEL ananuse y ¢pynxyuju citipaitieuixol yipasmarea pygapciieom
Figure 3, Scope of PESTEL analysis in the function of strategic mining management

Cucremcka MHTeTpanyja eKOHOMCKMX, €KO-
JIOWIKUX ¥ conmjanHux (hakTopa IpeacTaB/ba
HPERyCIIOB  OfPKMBOT  pyAapcTBa. [Ipumena
KoHIlenTa ,Hero mosuruBHOr yrumaja“ (Net
Positive Impact) mompasymeBa fma pymapcku
pojexar, roper; ybnakaBara HeraTuBHIX ede-
Kara, aKTUBHO JOIPMHOCHU ¥ OOHOBYM €KOCKCTe-
Ma. VIcToBpeMeHO, HyropoYHO IUIAHUpAbe pe-
3€pBU U VICTPAXXMBakhe A/TTePHATUBHIUX U3BOPA
CHpOBUHA (PELMKIAKOM elTeKTPOHCKOT OTIIA/[a)
MOTY 3HA4ajHO YOIMaXnT feUInT MIHepara.

CnpoBefieHe aHajM3e IOKasyjy Aa je HeOI-
XOHO IpeMemitame (oKyca ca KpaTKOpod-
HMX EeKOHOMCKNMX JoONuTaka Ha HyropodHe
GeneduTe OAP>KUBOT yIIpaB/bama. CaBpeMeHN
KOHLIENIT pyAapema HOfpasyMeBa U IPUMEHY
AUTUTATHNAX TEXHOJIOIMja (BelTayka MHTeN-
TeHIINja, ,[IaMeTHM PYSHULM ) pajyl CMambema
HOTpOIIe pecypca u moBehama 6e3begHOCTH.

I[Ipenopyke cy fia ce fla/ba UCTpa>KuBamba MOTY
pasBujaTu y cnegehnm cTparekuyM npaBLyMa:

- Texnonouke nHOBanyje — yBobhemwe ayTo-
MaTM30BaHMX CHUCTeMa, Ipepaja pyje Y3
HIDKY TIOTPOLIKY €Hepruje M pPeryuKIn-
pame CeKyHJJApHMUX CHPOBIHA.

- IlmpxynapHa exoHoMmMja — wuckopuurha-
Bale PYAAPCKOT OTHaja 3a IPOU3BOMIY
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The systemic integration of economic, envi-
ronmental and social factors is a prerequisite
for sustainable mining. The application of the
concept of “Net Positive Impact” implies that a
mining project, in addition to mitigating nega-
tive effects, actively contributes to and restores
the ecosystem. At the same time, long-term
reserve planning and research into alternative
sources of raw materials (recycling electronic
waste) can significantly alleviate the mineral
deficit.

The conducted analyses show that it is necessary
to shift the focus from short-term economic
gains to long-term benefits of sustainable man-
agement. The modern concept of mining also
implies the application of digital technologies
(artificial intelligence, “smart mines”) to reduce
resource consumption and increase safety.

Recommendations are that further research
can be developed in the following strategic di-
rections:

- Technological innovations - introduction
of automated systems, ore processing with
lower energy consumption and recycling of
secondary raw materials.

- Circular economy - utilization of mining
waste for the production of construction
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rpabeBMHCKIX MaTepujaia, U3B/Iaderbe Me-
Tasla U3 CEKyH/IaPHUX TOKOBA.

- Perymaropuu uHCTpyMeHTM - YycKIahu-
Bame ca MehyHapomHuM cTaHfapayMa,
TPAHCIIAPEHTHO M3BEIITaBambe O eKOJIOLI-
KIM, conyjanauM u ynpaspadkuM (ESG)
VHAMKATOPUMA M YK/bYYVBatbe JIOKaTHIUX
3ajeHIIIA Y O[Ty YMBabe.

Conujamay acnekT pyflapcTBa Kao IpUBpegHe
TpaHe je BP0 3HavajaH. PymapcTBo je decTo
M3BOp 3allOLI/baBamba ¥ MHPPACTPYKTYPHOT
pasBoja, a/mu 1 conMjayHux KoHdmKara. [lo-
cajjallliba MICKYCTBA II0KA3Yjy /la PaHO YK/bydM-
Bambe 3ajelHNIle, IpaBelHa pacIofena f00UTn
U IOLITOBambe /bYACKUX TIPaBa U KpUTEpUjyMa
3aIUTUTE )XUBOTHE CPEMHE 3HAYAJHO CMAKbY]y
PU3UK Off OTIIOPA 1 IIPABHMX CIIOPOBA.

3AK/bYYAK

CrparellIko yIpap/baibe pyJapemeM y ycilo-
BUMa HeJOCTaTKa pecypca u cBe Behmx exo-
JIOIIKMX 13230Ba 3aXTeBa IIPOMEHY IapajjurMe
— OfI KpaTKOpOYHe eKCIlIoaTalMje Ka JAyro-
POYHOM YIIpaB/baiby NMPUPOLHUM PeCcypcuMa.
PynapcTBo Bullle He MOXe OMTHU ITOCMAaTPaHO
€aMo Kao M3BOP CUPOBMHA, Beh kao KoMIIeKc-
HM CHUCTeM Koju he MHTerpmcary eKOHOMCKe,
€KOJIOILKE U IPYIITBEHE LM/beBe.

Pesynratum mokasyjy ma OymyhHoct pymap-
CTBa JI&XN y IPUMEeHM KOHIIeNaTa LUpKy/l1ap-
HE E€KOHOMMje, pas3Bojy 4YMCTUX TEXHOJIOTMja
U yBobemwy cucTeMa 3a eKOJIOIIKY PeCTUTY-
uujy. VIcToBpeMeHO, YK/by4MBame JOKaTHUX
3ajefHNMIIA M TPAHCIAPEHTHOCT Yy IIpolecy
yIIpaB/bamba IPeACcTaB/bajy ycIoB 6e3 Kora Hije
moryhe o6e36emuTn APYLITBEHY NPUXBAT/BU-
BOCT PYJapCKUX IIpojeKara.

YBobeme cTpaTelIKOr IUIaHMpamwa, Koje VH-
Terpuile M €KOJIOIIKe M COLyjajiHe VMHJMKa-
TOpe y IpolieC HOHOLIeHma OfIyka, omMoryha-
Ba CMameme pusuKa, nosehame ApylmITBEeHe
IPUXBAT/BMBOCTYU U OYyBambe 6uocdepe 3a Oy-
nyhe rerepanuje. CaMo XOMMCTUYKM IIPUCTYTI
KOji HaaWIasy TpPafULJOHA/HE €KOHOMCKe
OKBMpPE MOKe [apaHTOBaTH Ia PyJapcTBO, Kao
jemHa off HajcTapyjMX NPVBPENHMX J[I€/TATHO-

materials, extraction of metals from secon-
dary streams.

- Regulatory instruments — harmonization
with international standards, transparent
reporting on environmental, social and
governance (ESG) indicators and inclu-
sion of local communities in decision-
-making.

The social aspect of mining as an economic sec-
tor is very significant. Mining is often a source
of employment and infrastructure develop-
ment, but also of social conflicts. Experience to
date shows that early community involvement,
fair distribution of benefits and respect for hu-
man rights and environmental protection cri-
teria significantly reduce the risk of resistance
and legal disputes.

CONCLUSION

Strategic management of mining in the con-
text of resource scarcity and growing environ-
mental challenges requires a paradigm shift
- from short-term exploitation to long-term
management of natural resources. Mining can
no longer be viewed solely as a source of raw
materials, but as a complex system that will
integrate economic, environmental and social
goals.

The results show that the future of mining lies
in the application of circular economy con-
cepts, the development of clean technologies
and the introduction of environmental resti-
tution systems. At the same time, the involve-
ment of local communities and transparency
in the management process is a pre-condition
without which it is not possible to ensure the
social acceptability of mining projects.

The introduction of strategic planning, which
integrates both environmental and social in-
dicators into the decision-making process,
allows for risk reduction, increased social ac-
ceptability and preservation of the biosphere
for future generations. Only a holistic approach
that goes beyond traditional economic frame-
works can guarantee that mining, as one of the
oldest economic activities, remains a driver of
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CTH, OCTaHe IIOKpeTad pa3Boja y3 MIHUMAJIAH
€KOJIOILIKY Tpar.

3ax/pyuyje ce fia je CTpaTelKO YIpaB/baibe Py-
JapCTBOM K/bYYHO HE CaMO 34 CMarbekbe HEraTyB-
HIX eKOJIOIIKVX Iocieauia, Beh u 3a ybpsame
eHepreTcKe TPaH3MIMje M IIOCTU3ame I706as-
HVIX IM/beBa OfIpXKMBOT Pa3Boja. Y TOM CMVICIY,
PYApCTBO MOXKe OVTH IPENO3HATO KAO CEKTOP
KOjJ, YKO/IMKO je MPaBIIHO BODheH, JOompyHOCH
oppK1BOoj 6ynyhHOCTH, a He Kao IpeTHa 1boj.

3AXBAJIHOCT

PesynTaTy mpefcTaB/beHN y OBOM UTPaXKu-
Bamy Cy HOAP>KaHMU Off CTpaHe MuHUCTapcTBa
3a HayKy, TEXHOJIOLIKM Pa3BOj M MHOBaIje
Peny6nmuke Cp6buje, 6poj yrosopa: 451-03-
136/2025-03/200213.
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development with a minimal environmental
footprint.

It is concluded that strategic management of
mining is crucial not only for reducing negative
environmental impacts, but also for accelerat-
ing the energy transition and achieving global
sustainable development goals. In this sense,
mining can be recognized as a sector that, if
properly managed, contributes to a sustainable
future, rather than being a threat to it.
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