Pavlovi et al. A geostrategic role of criticalineral raw materials in...

A GEOSTRATEGIC ROLE OF CRITICAL MINERAL RAW
MATERIALS IN THE ENERGY TRANSITION

Darko Pavlovi¢ **, Melita Srpak 2, Hrvoje Measki 3, Sanja Kovag 3
! Plinacro Ltd. Savska cesta 88a, Zagreb, Repulflicroatia
2 Institute for Spatial Planning, Mali plac 1a, Vamdin, Republic of Croatia
3 Faculty of Geotechnical Engineering UniversityZafgreb, Hallerova aleja 7, VaraZzdin, Republic ob&tia
*E-mail of corresponding authodarko.pavlovic@plinacro.hr

Abstract: At the end of the second decade of the 21st getitumanity is at a turning point: either it wilhfil effective answers
to the global challenge of preventing the devastatihanges caused by the sources of greenhousg gasgsions, resulting
from human activity, or the world, as we know it tadayl disappear. In this context, and starting fréomg-term trends of
using the geostrategic resources and mineral rawens, it is noticeable that the world is goingdbigh an inevitable
transition - an energy transition, a thorough tréorsnation of the global energy and economic sectardemand for certain
mineral raw materials, metals and minerals suctcabalt, lithium, magnesium, aluminium is growingtfdsigitalization,
industry and energy transition are transforming andreasing the demand for raw materials. In thesext, critical mineral
raw materials and their circular use are of sign#it importance in the economy because mineral rateriads form the
basis of the economy and are essential for maiimgiand improving the quality of life. There is doubt that it will not be
possible to implement the European Green Planategyy without the usage of critical raw materials. déynless than 5 %
of the world's critical resources are extractedhie EU, while EU industry accounts for about 20 %hefworld's consumption
of these resources, and in this context, strengsigetme European supply of critical raw materialeigremely important for
the Green Plan and the resilience of the key inglust
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1. INTRODUCTION

Mining has been rapidly developing worldwide ingetyears, following the global trend of economiavgth.
The future trajectory of mining will depend on faxg such as population growth, energy and minezaiahd,
economic development, environmental conditions, asgsessments of existing ore reserves. The Inienaat
Energy Agency (IEA) indicates that global energyndad will continue to rise as the human populaitiegneases.
The current energy transitibis unprecedented in scope and speed, with clinsatgets requiring net-zero
emissions by 2050, essentially meaning the complesse-out of fossil fuels in less than 30 yearspapanied
by a significant increase in renewable energy pctidn. We are currently active participants in #aly stages
of the fourth energy transition, a generationacpss of decarbonizing the global economy and canmpgtobal
climate change. Energy resources have always beeimtegral part of human life, and historical peso
characterized by specific energy sources have sporalingly experienced growth rates in both pojriaand
gross domestic product. In the past 20 years, ereegy has been consumed than in the entire preghitorical
period.Figure lillustrates the population growth and energy camstion growth from 2010 to 2019. It is evident
that population growth was 11%, while energy corstimn increased by 15%, with energy consumption per
capita rising from 20.18 to 20.94 MWh. It should émphasized that the share of renewable sourctstah
electricity consumption increased from 3.53% in pegiod of 2010-2019 to 10.33%. In other words,reype
production from renewable sources increased by@rfaf 4.13.Woetzel et al. (2009ote that the increasing
urban population and prosperity in China, Russidjd, and Brazil have led these countries to tilizineral
resources in unimaginable quantities compared tyez®s ago. Numerous authors, suclCaken (2007and
Ragnarsdottir (2008have predicted forthcoming scarcity and evenetépi of mineral resources.

1 The term "energetska tranzicija" is the translatimfrthe German term "Energiewende." The term "Eieavgnde” was first used in 1980 in a publicatiortty
Institute for Applied Ecology in Germany titled '@vth and prosperity without oil and uranium.” Itigad international recognition in the early 2010%ea the
Fukushima Daiichi nuclear disaster and has sincednee a reference for one of the most ambitiouseptsjfor decarbonizing the energy sector. The qunok
"energetska tranzicija" or "Energiewende" encomgasthe transition from fossil fuel-based energyesys to low-carbon, renewable energy sources, ahatty
increased energy efficiency and sustainable enpadigies. It represents a comprehensive transfoiwnadf the energy sector with the goal of achie\angore
sustainable, climate-friendly, and secure enerdgyreu
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Figure 1 Population growth and energy consumption 2010-2[@M#a sourceeconomics/statistical-review/bp-
stats-review-2021, www.worldometers.info, UN PopaieDivision, 2022

The energy transition is accelerating the factanoferal supply security, making it an increasinighportant
aspect in discussions about energy security. Atieegy sector becomes the leading consumer, eleargy
technologies are becoming the fastest-growing sagnfelemand. This shift towards clean energy sesirsuch
as renewables, electric vehicles, and energy stagstems, requires a steady and reliable supphiradrals and
raw materials.

2. MATERIALS AND METHODS

Critical raw materials in the time trajectory ofetfioundations of the future development of the Eithw
reference to the ecological and social aspect.

The new European industrial strategy aims to stresrgEuropean autonomy to prevent the current apere
on fossil fuels such as oil and gas from beingaegd by geopolitical dependence on critical minegaburces.
In the future, global demand for critical minerasources could dramatically increase due to theldpment of
new technologies and energy systems. This increda®and could lead to even greater dependence &fhon
the import of these resources, creating new sufigitg and opening up space for new geopoliticabdédpncies.
The EU relies on critical raw materials from vagahird countries, and dependence on the impattiti€al raw
materials can pose a risk as supply can be subjebainges due to political, economic, or trad&ofadn exporting
countries. Dependence on the import of critical raaterials can result in supply risks, price inse=aof critical
raw materials, and negative social consequenceashwiave a detrimental impact on economic growtie EU
has recognized the need to develop policies fdicatiraw materials to reduce import dependencegrdify
supply, promote innovation and technological pregreand ensure sustainable supply of critical raterals.
This includes promoting domestic production oficat raw materials, developing new technologieséarycling
and circular economy, strengthening internatiomalperation and partnerships, and promoting traesggrand
accountability in the supply chain of critical ramaterials. The EU boasts the largest network ofeti@greements
globally. Recent agreements with Mexico, the Unitidgdom, New Zealand, and Chile feature dedicated
chapters addressing energy and raw materials. érantire, negotiations are presently taking plach wiistralia
and Indonesia, countries that hold substantialrveseof vital raw materials for the energy tramsitiincluding
metals and nickel. When examining the concept iticat raw materials, it becomes apparent thatnéted
States' 2020 Energy law provides an intriguingrdgdin. In this law, the term “critical mineralsfers to strategic
raw materials that hold considerable importancebimth economic and national security. These miseaa¢
characterized by their criticality and are esséfdiavarious industries and sectors, includindhtealogy, defense,
renewable energy, and manufacturing. One defingpget of critical minerals is the vulnerability tbiir supply
chains. The supply chains for these minerals aseeqtible to disruptions and risks that can hagaificant
implications. Geopolitical risks, such as traderietsons, political instability, and regional cdicts, can greatly
affect the availability and accessibility of thes@erals. Additionally, fluctuations in global denth driven by
advancements in technology and energy systemsiefucontribute to the challenges surrounding thepply.
The terms "critical raw materials" and "critical maral raw materials" are often used interchangeablhe
literature. This is primarily because minerals cosgthe majority of critical raw materials dugheir abundance
and high production volume. Consequently, the efitva, processing, and utilization of minerals péagrucial
role in addressing the criticality of raw materialbe European Commission Communication (2014, 2@t
the study byBlenginia et al. (2017¢onsider ensuring reliable and sustainable acoasineral raw materials and
their circular use to be highly important in th@eomy within the EU and globally. Mineral raw madg¢s form
the foundation of the European economy, providaigsj enhancing competitiveness, and playing aa@iruale in
maintaining and improving the quality of life. Tddress this challenge, the European Commissiodéwasioped
a list of critical raw materials for the EU, whicimdergoes regular review and updating. Insufficargilability
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of certain raw materials in the market can resoltnfinadequate domestic production and dependenteports
from distant markets, as well as supply disrupticassed by economic, natural, and geopoliticabfactThese
factors contribute to frequent fluctuations in rengterial prices, which, in turn, affect productiplanning, the
pricing of final products, and may disrupt prodantif the speed of price changes jeopardizes pthpneduction
and development goals. Ultimately, these factondrmgact the competitiveness of certain indusirigbe market.
For instance, the critical raw materials lithiurnbelt, and graphite are essential for the prodoatidithium-ion
batteries used in electric vehicles and energyagtorsystems. The scarcity or instability of theipgy can
significantly impact the development and sustailitshof renewable energy in the EU. Tantalum, tumgsten,
and gold are crucial raw materials for manufactynnicrochips, memories, and other electronic corapts
Disruptions in the supply chain of these raw matsrcan lead to disruptions in the availabilitypghuction, and
pricing of electronic devices that are widely usedeveryday life, such as smartphones, tablets,pcoens,
televisions, and other electronic components.

It is evident that emerging products and techn@sglike electromobility, digitalization, industrial
advancements, and energy transition are drivingéineand for raw materials. This trend highlightsithportance
of critical raw materials for the successful imptartation of the EU's green plan. Numerous key itigissin
Europe, particularly those involved in innovatieehnologies, heavily rely on critical raw materjalte majority
of which are sourced from non-EU countriegyure 2 illustrates the EU's dependence on critical ravteniels
from various third countries.

63% of the world's

97% of the EU cobalt L cighe e esss o fhe Bl st 100% rare earth
magnesium supply it is mined in the for platinum group ontne fate elements used
originates Democratic Republic of metals EuUBBLY, worldwide for
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processed in China

Figure 2 EU's dependence on critical raw materials from was third countries (Sourc&U)

The European Commission defined the first list iitical raw materials in 2011, which included 14tical
materials. The list of critical raw materials wasablished as a priority measure of the EU Raw Nelnitiative
in 2008. The Commission committed to updating tis¢ &t least every three years to take into account
developments in production, markets, and technol®be classification was based on criteria thantified the
supply of raw materials as highly risky in termspafssible shortages in the next 10 years and [igeld the
extreme importance of critical raw materials in #adue chains of goods and produdisifopean Commission
Communication 2011 After the initial list, revised versions were lgpgshed in 2014 (with 20 critical raw
materials), 2017 (with 27 critical raw materialaipd 2020 (with 30 critical raw material§)jdmast 2021). The
most recent update of this list considered theemfi@ntioned criteria for a five-year period for El@émbers (EU
27, excluding the United Kingdom), and a total 8fr&w materials were examined. Bauxite, lithiurtgrtium,
and strontium were added to the list for the firae. In terms of supply concentration, heliuml sélses concerns
but was removed from the critical list in 2020 daets declining economic significance. The listooitical raw
materials helps identify areas that require investi: and research activities, as well as innovatigthin the EU
programs florizon 2020)and national programs, particularly in terms ofvmaining technologies, substitution,
and recycling. The environmental and social aspeatstical raw materials in the EU are now sigeaiht aspects
of the sustainability and resource management delmaimodern society, considering that their extosmgt
production, and use have significant environmeamal social impacts at both local and global levEh® EU has
recognized the need for a more sustainable apptoatie management of critical raw materials arslddopted
a series of initiatives and policies aimed at réalyidependency on the import of critical raw matis;ipromoting
sustainable use and management of raw materiatk,iramorporating stricter environmental standardsl an
regulations. This includes the promotion of resjidrsvaste management, reduction of greenhousergessions,
and the encouragement of innovations in technotog¢fiat reduce the ecological footprint of raw miater
exploitation. In March 2023, the European Commissittroduced a proposal for a new Law on CriticalWR
Materials. This legislation is part of a compreheaset of laws aimed at achieving the objectivetiired in the
European Green Deal and attaining net-zero greeghgas emissions by 2050. The proposed law aligghghe
broader objectives of the European Green Deal, whaeks to transform Europe into a climate-neldral
environmentally sustainable continent. By redudimg emissions of greenhouse gases and transitioonayds
cleaner energy sources, Europe aims to mitigateaté change and promote a more sustainable fifigere 3
shows the objectives of the aforementioned law.
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Figure 3 Objectives of the proposal of the European law mtical raw materials (ResourcezU)
2.1. Sustainable development in the management ofmaral resources in EU countries

The concept of sustainable development is widegdus various fields related to human life. It egeat in
response to the excessive and uncontrolled usatofal resources during the dynamic economic grabterved
globally in the latter half of the 20th centuyubinski 2013. In the mining industry, sustainable development
can be achieved by adhering to principles, wittoretl and economical use of mineral resources bbiad¢eading
principle Qubinski and Drzzla 2005. Environmental challenges pose significant is§oeshe mining industry
and constitute the second pillar of sustainableligment, encompassing elements such as soil, veatevaste,
seismic activity, and noiséd(binski and Turek 2006 Conflicts arise from competing interests andviets
related to economic requirements, environmentalegtion, cultural heritage, and regulations. Minjpigys a
dual role, being essential for industrial productiand regional development while also causing sunist
landscape and environmental chandes {/os et al. 2005; Wirth et al. 2012Z'he economic effects of mining
extend to the national, regional, and local leveish direct environmental and societal impactsaarated in
the proximity of mining sitesumpula et al. 2011; Meyfroidt et al. 2013; Schetfik et al. 2016; Schilling et al.
2018. Mining activities and associated infrastructsignificantly alter landscapes, affect local enmim@ents,
ecosystems, land use, and human lives. These impactpersist long after mine closure, both withid beyond
the mining areadjudka and Adriano 1997; Wirth et al. 2012; Kivirgdl7; Salom and Kivinen 201.9The new
European action plan for mineral raw materials aeldpn 2020 entitled "Resilience of critical raw terals:
charting the path towards greater security anchsatility” includes 10 action point$dble 1, SourceEuropean
Commission Communication, 20Pthat should be implemented:

Table 1 European action plan for raw materials for the mati2020-2027. years

EUROPEAN ACTION PLAN FOR RAW MATERIALS FOR THE PERIOD 2020-20 27.

DATE OF
ACTION POINTS EXECUTION
Establish a European Raw Materials Alliance, iritiéd build resilience and open strategic autonomy
for the rare earths and magnets value chain, befqranding to other raw materials areas 2020-2027
Develop sustainable financing criteria for the m@iextractive and processing sector by the end gf 2021

2021
Launch critical raw materials research and innavain 2021 on waste processing, advanced materials,

and substitutes 2021-2027
Map the potential of secondary critical raw matserfeom stocks and waste in the EU to identify

. g 2022
sustainable recovery projects by 2022
Identify mining and processing projects and investtmeeds and related funding opportunities for
critical raw materials in the EU that could be @tiemal by 2025, with priority for coal-mining 2025
regions
Develop the knowledge and skills needed for mineéxdtactive and processing processes from 2022 2021-2027

onwards

Implementation of Earth observation and remoteiegn@ograms for resource exploration, operati
and post-closure environmental management (Commissidustry)

Develop Horizon Europe R&l projects on processesfmioitation and processing of critical raw

NS 5021-2027

materials to reduce environmental impact startimgd21 2021-2027
Develop strategic international partnerships atated financing to ensure a diverse and sustainable

supply of critical raw materials, including undigtm terms of trade and investment, starting wilibi p 2021-2027
partnerships with Canada, interested countries fitdfnd the EU neighborhood in 2021

Promote responsible mining practices for critieal imaterials through the EU regulatory framework

(2020-2021 proposals) and relevant internationapeeation 32 (Commission, Member States, 2020-2027

industry, civil society organizations)
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Sustainable production of minerals and metals sgpres a prerequisite for the supply of the indaksuipply
chain, and the success of the action plan willdreliioned by clear and well-defined economic pties across
industrial sectors. According ©hristmann (2021)the development of the Battery Alliance (involyiaround
400 partners from the entire EU) is the first resgto a strategic question of vital importancetfi@ Union's
future. Policies related to minerals and metalgdbr depend on the Chinese government and its coephat
directly or indirectly control the banking systemdahave their own sectoral policies (energy, emrirent,
research, and trade policieReichl and Schatz 2020

3. RESULTS AND DISCUSSION

Litium?2is an alkali metal, a relatively rare element ikanainly found in the form of minerals in soil cks,
and saltwater. It has a very low density, high tiedg with water and acids, and is often used attéries for its
ability to release electrons when oxidized. Lithiion batteries are highly efficient, lightweightidhhave a long
lifespan, making them ideal for use in mobile desiand electric vehicles. The largest sourceshobiin in the
EU are found in the Czech Republic, Portugal, anéden, but EU countries have limited lithium ressrthat
are insufficient to meet the growing demand fdrilitn in Europe. Therefore, the EU depends on lithionports
to meet its needs (the EU imports nearly 100%solithiium requirements, with the largest supplieetng Chile,
Australia, and Argentina), while the largest littniideposits globally are found in South America, thalg, and
some countries in Asia. It is predicted that bégepowering electric vehicles will increase thended for lithium
11-fold by 2030 and 17-fold by 2050. Lithium is atical and key mineral resource in the contexeogrgy
transition for the following key reasons: Lithiumri batteries have become a fundamental elemefdgbalgefforts
to reduce greenhouse gas emissions, increasedteafrenewable energy in the energy mix, andexehé more
sustainable and low-emission energy system; gldéaand for lithium is rapidly increasing due te thcreased
use of electric vehicles and renewable energy ssuwhich can lead to supply instability and higites); it is
geographically concentrated in a few countriesdiing geopolitical risks and dependence on spesifigply
sources) and the process of extracting lithium ltave negative environmental and social impactseelto
mining activities, water, and local communiti€sgure 4 shows some of the potentially negative environiaent
impacts that may result from lithium mining.

KILLING THE NATURAL
WATER USAGE POLLUTION, WATER LANDSCAPE, EMISSIONS OF IMPACT ON THE
POLLUTION BIODIVERSITY GREENHOUSE GAS .

LOCAL COMMUNITY,

lithium mining chemicals used in the the opening of new mines lithium mining migration of the
processes use large production process often requires the processes population and damage
amounts of water - can reach nearby construction of new roads, involve the use to their homes and
can lead to waterways and soil - it infrastructure - it can lead to of fossil fuels - possessions - there may
depletion of water can lead to water the destruction of natural can result in be conflicts over the use
resources in areas pollution and a areas and ecasystems (the greenhouse gas of land and natural
with limited water harmful effect on local removal of rocks and soil emissions such resources between the
sources fauna and flora from mines can change the as CO2 and local community and
geological processes in the methane mining companies

area and affect the
hydrological cycle)

Figure 4 Some of the key environmental concerns relateithiarh mining

To ensure a sustainable supply of lithium and reduegative impacts, it is important to invest gfan
developing innovative technologies for lithium edtion and recycling, and to promote transparency,
accountability and social sustainability in théilitm supply chain.

4. CONCLUSION

The problem of increasing demand for mineral resesitoday has a much wider dimension, and more and
more often the world talks about the general proldé the safety of mineral raw materials. This ségiecomes
especially important in relation to strategic ravaterials that are crucial for the development ohyaew
technologies. In this context of the temporal epdrgjectory transition to clean energy and theliappon of an
increasing number of technologies that rely on keéyeral raw materials (copper, lithium, cobalt, kb, it can
be concluded that today's supply and investmemisdlar many critical minerals are far below whabhéeded to
support accelerated development. The sustainapfysaf critical raw materials is extremely impartdor global

2first discovered in 1817 by Swedish chemist Jekagust Arfvedson, in the same year British chewiitam Thomas Brande also isolated lithium frontaiee
and named it "lithium" from the Greek word "lithostieaning stone, (Li) is a chemical element fourttié periodic table of elements under the numtenBthe
symbol Li
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economic development and technological progresssafated with growing risks and challenges. Lithiplays

a key role in the energy transition and achievingaae sustainable energy system. As more and noonetries

and industries turn to renewable energy sourcelutric mobility, it is important to find a balesbetween the
need for lithium and the protection of the envir@mhand the social aspects associated with itsugtmh and

use. Geopolitical instability, environmental impaahd social injustices associated with the supptyitical raw

materials require coordinated efforts at global lmedl levels to ensure sustainable supply andmikd negative
impacts on the environment, communities and soclatthis context, the energy transition representenergy
trajectory in which lithium is considered a critigaineral raw material and a necessary resourcimeving

sustainable energy goals and reducing greenhogsengiasions in the energy sector. It is importamrhphasize
that it should be taken into account that it takBso 20 years for mining projects to move from digcovery

phase to the first production phase and that iicdefare waiting to appear before new projectsdaecloped,

there may be a period of market tightness and igie volatility, which means that critical mineralv materials,
as key factors in the transition to clean energystmot become the "Achilles heel" of the processrergy

transition and application of clean energy.

5. REFERENCES

Blenginia, G. A., Nussa, P., Dewulfa, J., Nitaa, Reiroa, L. T., Vidal-Legaz, B., Latunussaa, Candinia,

L., Blagoevab, D., Penningtona, D., Pellegrinic, Maerckec, A.V., Solar., S. Groholc, M., Ciupagéa(2017)
EU methodology for critical raw materials assesdm@wolicy needs and proposed solutions for increaien
improvements. Resources Policy, 53, 12Hitfps://doi.org/10.1016/j.resourpol.2017.05.008

Christmann., P. (2021) Mineral Resource Governamtiee 21st Century and a sustainable EuropeannJnio
Mineral Economics, 34, 187-20&tps://doi.org/10.1007/s13563-021-00265-4

Dudka, S. & Adriano, D. C. (1997) Environmental meps of metal ore mining and processing: A review.
Journal of Environmental Quality, 26(3) 590-66&ps://doi.org/10.2134/jeq1997.0047242500260003R00

Dubinski J., Turek M. (2006) Proces restrukturyzacji ehrona srodowiska na terenach gérniczych.
Bezpieczéstwo Pracy i Ochrondrodowiska w Gornictwie, 12, 4-9.

Dubinski J. (2013) Sustainable development of miningarahresources. Journal of Sustainable Mining, 12(1
1-6.

De Vos, W., Batista, M. J., Demetriades, A., Dulk, J., Lexa, J., Lis, J., Sina, K. i Connor, P(2D05)
Metallogenic mineral provinces and world class deposits in Europe. U: R. Salminen (ur.) FORGES
Geochemical Research. Atlas of Europe. Part 1. @acikd Information, Methodology and Maps. Geolobica
Survey of Finland, str. 1-8.

European Commission Communication (2014) Commuicicafrom the Commission to the European
Parliament, the Council, the European Economic@oclal Committee and the Committee of the RegioDs -
the review of the list of critical raw materials fine EU and the implementation of the Raw Matserialtiative.
Brussels, 26. 5. 2014, COM(2014) 297 final.

European Commission Communication (2011) Commuioicafrom the Commission to the European
Parliament,the Council, the European Economic aociab Committee and the Committee of the Regions -
Tackling the challenges in commodity markets andaan materials. Brussels, 2.2.2011, COM (2011)i2&l f

European Commission Communication (2019) Commuicicafrom the Commission to the European
Parliament, the Council, the European Economic@oaal Committee and the Committee of the Regioibe-
European Green Deal. Brussels, 11. 12. 2019, COM(P®90 final.

European Commission Communication (2020) Commuioicafrom the Commission to the European
Parliament, the Council, the European Economic &adial Committee and the Committee of the Regions -
Critical Raw Materials Resilience: Charting a Padtvards greater Security and Sustainability. Brisss 9.
2020, COM (2020) 474 final.

Kumpula, T., Pajunen, A., Kaarlejarvi, E., ForbBsC., Stammler, F. (2011) Land use and land cokange
in Arctic Russia: ecological and social implicasoof industrial development. Global EnvironmentalaBge,
21(2) 550-562https://doi.org/10.1016/j.gloenvcha.2010.12.010

Kivinen, S. (2017) Sustainable post-mining land: use closed metal mines abandoned or re-used 3pace
Sustainability, 9(10) 170%ittps://doi.org/10.3390/su9101705

Meyfroidt, P., Lambin, E. F., Erb, K. H. & Hertdl, W. (2013) Globalization of land use: distantvers of
land change and geographic displacement of landdugeent Opinion in Environmental Sustainabilby5) 438—
444 .https://doi.org/10.1016/j.cosust.2013.04.003)

Ragnarsdottir, K. V. (2008) Rare metals gettingraNature Geoscience, 1, 720-721.

Reichl C, Schatz M (2020) World Mining Data 2028tatistical handbook. Vienna: Austrian Ministry for
Agriculture, Regions and Tourism.

Schaffartzik, A., Mayer, A., Eisenmenger, N., Knauagn, F. (2016) Global patterns of metal extrastii
1950-2010: Providing the bones for the industialety's skeleton. Ecological Economics, 122, 10D-1

Schilling, J., Saulich, C., Engwicht, N. (2018) Achl to global perspective on resource governance
andconflict. Conflict, Security & Development 18(@83—-461. https://doi.org/10.1080/14678802.2018.

25



Pavlovi et al. A geostrategic role of criticalineral raw materials in...

Salom, A. T., Kivinen, S. (2019) Closed and abamdiomines in Namibia: a critical review ofenvironrten
impacts and constraints to rehabilitation. Southicah Geographical Journal 102(3), 389-405.

Tomast, N.,Cobi¢, A., Fajkovt, H., Borojeve Sostar, S., Kolenkow Mogilac, 1., Mileusng, M., BarudZija,
U., Kuhinek, D., Cvetkowi, M., Gizdavec, N., llijard, N. Dedg, Z. (2021) Krittne mineralne sirovine - europski
i svjetski tokovi sirovina u 4-22.

US Geological Survey (USGS) (2009, 2011) Minerahm@wodity Summaries: Rare Earths. US Geological
Survey, Reston, VA.

Woetzel, J., Mendonca, L. (2009) Preparing for @ratdrban Billion. Shanghai: Global Institute. McisSey&
Company

26





