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Development of society requires acces to raw materials
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Industrial development requires new raw materials

- The industrial consumption of metals Year 2000
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Clean energy technologies consume minerals

Indium

Gallium [ J
Tellurium o
Dysprosium

Praseodymium

Neodymium
Lanthanium
Cobalt
Manganes
Nickel
Lithium
Cerium
Terbium
Europium
Yttrium

Platinum
Partly based on US Department of Energy, Mineral Strategy 2011

Coatings | Magnets | Batteries Phosphorous | Emission
reduction
®

EJfOGb‘OSUF‘:’e?'E
Association of the
Geological Surveys
of Europe



Implementation of new technology is fast and calls for
fast changes in the minerals supply chain
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Implementation of new technology is fast and calls for
fast changes in the minerals supply chain

It takes time to start new mining operations
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Munepanvnoe coippe (MC) — mosie3Hble UCKONaeMmble (pyaa), a TaKxKe
pyAHUYHbIE (TOBapHas pyda, KOHIEHTpPAT, MOJYIPOAYKT, IMPOMPACTBOP) U
KOHEYHBIE CHIPHEBBIEC MPOIYKTHl UX METAJUIYPTHYECKOTO WJIM XMMHUYECKOTO
nepesesa (MEeTaJuibl, XUMUYECKHUE AIEMEHTHI U COCTMHEHUS, MUHEPAJIBI).

Munepanvno-coipvesana__6aza (MCb) — MHOXECTBO BBISIBICHHBIX U
pPa3BEJAHHBIX  MECTOPOXKJICHHUH, PYJONPOSIBICHUM W  MNEPCHEKTUBHBIX
IUIOMIAZICH C MX 3amacaMu U PeCypCaMy MHUHEPAIBHOTO ChIPbS PA3JIMYHOIO
KaueCTBa, a TaKXE ONPEACICHHOW TPAHCIIOPTHOM U  COLMAIbHOMU

UHPPACTPYKTYPOU.

Munepanvno-coipvesoit_komnaekc (MCK) — COBOKymHOCTh OTpaciier
IPOMBIIIJIEHHOCTH U IPYTUX chep XO3UCTBEHHOU ACATEIBLHOCTH (TOPTOBII,
JIOTUCTHKA, (PUHAHCHI U TIP.), 00CCIECUMBAIOIINX NOTPEOHOCTH YEI0BEUECTBA
B MUHEPAIBHOM CBIPBE.




CTpykTypa MUPOBOIr0 MMHEPAJIbHO-CHIPHEBOI0

KOMILJICKCAa
(mo A.Il.Crasckomy, 2011)

MHBECTUWUWUWOHHDBIE TMOTOKWU

NOTOKHK

MUNEDANLEOG-CLIPHLEBOMW KOMONEKC

Crpykrypa MCK BkiItodaeT Tpu 010Ka: reojIoropa3BeJ0uHOE TPOU3BOACTBO,
TOPHOE MPOU3BOACTBO M METAJUTYPrUUYECKUN (XUMUYECKUN U Tp.) MEpEAc,
C IIOCJIEIOBATEIIbHBIMA TOBAPHBIMU W Pa3/CIbHBIMU WHBECTUIIMOHHBIMU
ITOTOKaMHU.



Crparernyeckoe u Je(pUIUTHOE MUHEPAJbHOE ChIpbe.
X COOTHOLIEHUS U 3apy0eKHbIE AHAJIOTH

Cmpamezuueckum sipnsercss MC, KoTOpoe OTpaxaeT TeONnoIUTUHYECKUE NHTEPECHI
CTpaHbl, UMEET 0C000€ 3HaYEHUE /1JI1 00ECICUCHUSI €€ IKOHOMUYECKOTO Pa3BUTHS,
o0OpoHbI W  0Oe3omacHOCTU. IlepedyeHb Takoro ChIpbSI MW MaTepUalioB
yCTaHABJIMBACTCS MPABUTEIHLCTBOM M MOXKET MEHSITHCS B 3aBUCUMOCTH OT

* BOCHHO-TIOJIMTUYECKUX 1 SKOHOMHUYECKHX IPUOPUTETOB
rocyaapcTna,

* CTPYKTYpPhl MaT€pHAILHOTO IIPOM3BOACTBA U IMPOTHO3UPYEMOM
00CTaHOBKH,

* KOHBIOHKTYPHI MUPOBOTO PBIHKA,

* COCTOSTHHSI BHEIIHEAKOHOMHYECKHUX CBS3EH M APYTHUX

00CTOSTENBCTB.



AHanormyHo (HO  HECKONbKO  YyXe) ornpegensercs
9KBMBAJIEHTHbIN 3apyDeXHbIN TEPMUH

«Strategic mineral — A mineral that is associated
almost exclusively with national security and military
needs or requirements during national
emergencies...».

(MuHepan, cBsi3aHHbIM MCKIIOYUTENBHO C HauMOHanbHOMU
be3onacHocTbio U 3anpocamu BIIK, nnu notpedbHocTaMMU
CTpaHbl B Ype3BblHaNHbIX CUTYyaLMUAX ...).



[TlepeyeHb OCHOBHbIX BUOOB cmpameau4ecko2o MC,

yTBepXOEeHHbIN pacnopsaxeHuem [NpaButenscrtea PO
oT 16.01.1996 r. No 50-p,
BKNOYaeT 29 HaMMeHOBaHUM:

He(pTb, NnpupoaHbIn ras, U, Mn, Cr, Ti, 6okcutbl (Al),
Cu, Ni, Pb, Mo, W, Sn, Zr, Ta, Nb, Co, Sc, Be, Sb, Li,
Ge, Re, REEY, Au, Ag, PGE, anma3bl (C), ocobo
yncTtoe KBapueBoe cbipbe (SiO2)



CtpaTternyeckue mecrtopoxageHuma PP

K yyacmkam Hedp PedepasibHO20 3Ha4Y€HUSI OMHOCSIMCSI MeCMOPOXKOEHUs,
codepixxawue pecypchbl U 3anachbl ypaHa, asima3oe, ocobo yucmoezo
Keapueeo20 cbipbsi, HUKesIsl, Kobanbma, 6epunnusi, maHmasna, Jumusi,
Huobusi, pedkux 3emMesib ummpueeou 2pynnbl, Memarsisioe rniaamuHoeou
epynnbl. K cmpameau4yecKkuM makxe OmMHeCeHbl y4aCmKuU Mecmopo)xoeHull
KOpeHHO020 30/10ma — ¢ 3anacamu om 50 m u medu — om 500 mbic.m.

TN y4yacTKkn OyayT npeaocTtaBnATbCsA B NOfIb30BaHUE Yepes ayKUMOHbI (KOHKYPChI),
obbaBnsemMble npaBnTensCcTBOM P®. B HUX cMoryT nNpuHATL y4acTtue m
MHOCTPAaHHbIE KOMMaHUW, HO pa3peLUnTb AOCTYM K y4aCTKy LOJTKHO
NpaBUTESIbCTBO.

B cnucok eowsiu KpynHbie MecmopOXXOeHUs1 ajliMa308, PacrioJI0)KeHHbIe 8
ApxaHzenbckoll obnacmu, Hanpumep «Tpybka um. B. puba» Ha
BepxomuHckou nnowadu. K MecmOpO)ngHUHM ¢ghedepasibHO20 3HaYEHUs
OMHeCEeHbI y4acmKu niaamuHbl u naamuHoudoe MypmaHckol obnacmu,
makue kak MoHyemyHOpoeas nnouw,adb, MoH4Ye20pcKull pyOHbIU paluoH
Bypy4alieeHu. [lepeyeHb y4yacmkoe Hedp cmpameau4yecKo20 3Ha4YeHUus
mak)xe codep)xum MmecmopoxoeHus ypaHa e Kanmsbikuu, Kapenuu,
JleHuHepadckou obnacmu, Pecnybnuku Komu, MypmaHckol obriacmu,
YnbsiHoeckolu obsnnacmu, Kapayaeeso-Yepkecuu.

[MepeyeHb y4acTKoOB Heap TBepAblX None3HbIX nckonaemsix — Mpun. 2.



Cnucok
cTpaTernyecKnx BUOOB NoJsie3HbIX NCKOMaeMbIX,
cBefeHUs O KOTOPbIX — rocyaapCcTBeHHaAa TauHa

Iose3Hoe HucKkoOmaeMoe CBeneHusi, COCTABJISIIOLIUE IOCYIAPCTBEHHYI0 TAMHY
Hedr1o CBe/IeHUSI 0 0AJIAHCOBBIX 3amacax B HeJapax
PacrBopennbiil B HedTH ra3 CBe/IeHUSI 0 0AJIAHCOBBIX 3amacax B HeJapax
Hukeanb CBe/IeHUSI 0 0AJIAHCOBBIX 3amacax B HeJapax
KobauabT CBe/IeHUSI 0 0AJIAHCOBBIX 3amacax B HeJapax
TanTana CBe/IeHUsI 0 0AJIAHCOBBIX 3amacax B HeJpax, 100b14e, 00

00beMax MpPou3BOJACTBA B HATYPAJIbHOM BbIPa'KEHUU

HuoOnii CBe/IeHUsI 0 0aJIAHCOBBIX 3amacax B HeJpax, 100b14e, 00
00beMax NMPOU3BOACTBA B HATYPAJIbHOM BbIPaKEHUU

bepuiaiui CBe/IeHUsI 0 0aJIAHCOBBIX 3amacax B HeJpax, 100b14e, 00
00beMax NMPOU3BOACTBA B HATYPAJIbHOM BbIPaKEHUU

JinTun CBe/IeHUsI 0 0aJIAHCOBBIX 3amacax B HeJpax, 100b14e, 00
00beMax NMPOU3BOACTBA B HATYPAJIbHOM BbIPaKEHUU

Peaxue 3emuim urrpueBou CBe/IeHUsI 0 0AJIAHCOBBIX 3amacax B HeJpax, 100b14e, 00
rpynnbl 00beMax MpPoM3BOJACTBA B HATYPAJIbHOM BbIPa:KeHUH
Oco000 yncTOC KBapuEeBOE CBeJeHMS 0 0AJIAHCOBBIX 3aMAaCaX B HeApPax U J100bI4e

CbIpbe




[Tonstue nepunurHoe MC B OTEUECTBEHHOHU JIUTEPATYPE UMEECT
BeChMa IIUPOKOE (ITOPOM HEOAHO3HAYHOE) TOJIKOBAHUE,
BKJIFOYAIOIIIEE B PA3JIMYHBIX CIyYasiX:

* BOCTpEOOBAHHOCTD 15 Pa3IMUHBIX IMPOU3BOJICTB;

* HCOOXOAUMOCTH/BO3MOKHOCTDh MCIOJIL30BAaHUSA 3aMCHUTCIICH,

* OTPAHUYCHUS WM PUCKU B CHAOXKEHUHU I OTACIBHOIO
OpEANPUITHS, OTPACIIU B LICJIOM HJIM €€ MOoApa3cIICHMS,
IIPOU3BOJCTBEHHOI'O KOMILJIEKCA CTPaHbl B KPAaTKOCPOUHOM

NJIN OTI[&HGHHOﬁ IICPCIICKTHUBC,

* HECOOXOAUMOCTh UMIIOPTA ATOIO ChIPbS U AP.



Jnss  toro wim wHoro Bujga MC peuuuT MOXKET OBITh CBSI3aH Kak C
OOBEKTUBHOW  MPUPOJHOM  OrpaHMYEHHOCTBIO €ro  pecypcoB  (dakrTop
«ecmecmeeHHo20 Oepuyuma), Tak U ¢ CIa0OCTHIO (HEBBHICOKUM Kauye€CTBOM,
HECOBEPIIIEHCTBOM) ero HamuoHaiabHo MCB (dakrop «ynpasiaemozo

oepuuumay).

Ilepeoviit  co3maeT TPEANOCBUIKH JJIS MPOTHBOCTOSHUS MEXKIY CTpaHaMH
(bmokamMu cTpaH) B OopbOe 3a KOHTPOJb Haja ucTouHukamMu MC

(MECTOPOXICHUSMU, PYAHBIMU palioHaMu, OacCeHaMM U Jp.).

Bmopou  —  npepomnpenenser — HEOOXOAUMOCTH CO3JaHus 158104
COBEPILICHCTBOBaHMS (KaueCTBEHHOTO/KOJINYECTBEHHOTO0) cytiecTBytomeii MCh B

CTpaHe.



B 3apybexHon nutepaTtype noHsaTuio degpuyumHoe MC no
CBOEMY coAepXaHuto Hanbonee 6MM3KO COOTBETCTBYET Tak
Ha3biBaemoe «Kputudyeckoe MC».

«Critical mineral - Minerals that are both essential in use and
are subject to considerable supply risk». (MuHeparnbl, KOTOpPbIE
CYLLECTBEHHbl KaK B WCMOSIb30BaHUWN, TakK U 4ABNSAOWKUECH
CyOBEKTOM 3HAUYUTENBHOIO PUCKa CBOUX MNOCTaBOK).

«A mineral can be regarded as critical only if it performs as
essetial function for which few or no satisfactory substitutes
existy». (MnHepan MOXeT paccMaTpmBaTbCs KaK KPUTUYECKUN,
€CfIN  OH BbLIMOJIHAET CYLECTBEHHYIO QYHKUNIO U  KOTOPOMY
NPaKTUYECKN HET SKBMBASIEHTHbLIX 3aMEHNTENEN)



CoOTHOIIIEHUE MEXKY IIOHATHUSIMHM CTparermdeckoe (strategic) W
nepuIUTHOE (critical) MC: O0OBIYHO OHU SBIISIFOTCS
B3aMMOJIOIIOJHAIOIIUMU, HO HE BCSIKOE CTPATErHYE€CKOE MHHEPATBHOE
ChIpb€ SBIISICTCA JACPUUUTHBIM M HAOO0OPOT. [l KakIoW CTpaHbI
nepeuyeHb UHIAUBUAYaAIbHBIX BUJ0B MC B ATHX KaT€ropusx pa3jInycH.

Hanpumep, miiss P B HacTosinee BpemMsi:

* U, Mn, Cr - u cTpareruuyeckoe, u aepurutaoe MC;

* N1iu Cu - cTparerndeckoe, HO He aedurutaoe MC;

* baput BaSO, u ¢moopur CaF, — octpo nepuuntHoe, HO He cTparerndeckoe MC.

Jlns skonomuku Kazaxcrana Bce 3ti 7 BugoB MC (U, Mn, Cr, Ni, Cu, BaSO, u
CaF,) He aBusAroTCA Ae(UIUTHBIMU; 0OJIee TOro, IO pecypcamM/3aracaM HEKOTOPBIX
U3 HUX CTpaHa BXOAUT B YHUCJIO MUPOBBIX JINJIEPOB.



[TlepeyeHb OCHOBHbIX BUOOB cmpameau4eckoz2o MC,
yTBEpPXOEeHHbIN pacrnopsaxeHueMm [Npasutensctea PP ot
16.01.1996 r. No 50-p, BkntovaeT 29 HanmMeHOBaHUM:

He(Tb, npupoaHsbIn ras, U, Mn, Cr, Ti, 6okcutbl (Al), Cu,
Ni, Pb, Mo, W, Sn, Zr, Ta, Nb, Co, Sc, Be, Sb, Li, Ge, Re,
REEY, Au, Ag, PGE, anma3sbl (C),
0cob60 Ynucrtoe KBapueBoe cbipbe (Si02).

N3 3Toro nepeyns:

e no0bI4a HedTH, raza, Cu, Au, PGE, N1, Mo u aaMa3oB (paBHO KaK U HE
BXOJISIIUX B 3TOT IepeueHb ynien, Fe-pyn, Na- u K-coneu, Zn, V, B-pyn,
MarHe3ura, Xp1u30TUII-acOecTa) ROTHOCHbIO 0Oecneuuarom X TEKyllee
BHYympeHHee nompedieHue U JOCTUTHYThIM yPOBEHb YKCIIOPTA.



e depuuyumnvimu siusrorcas U, Mn- u Cr-pyasr, Pb, Sn, ocobo
4ucToe KBapueBoe cbipbe (S10,) M HE BXOASIIME B YKa3aHHBIU
IepeYcHb OapuT, KAOJMH, OCHTOHMUT, KPHUCTAJUNIMYECKHM TIpadwur,
(aropuT, POCHOPHUTHI; UX AOOBIYA JIMIIb YACMUUHO 0Decnedusaem
BHympeHHee nompeodnieHue, BO MHOTOM 3aBHCSINEEC OT UMIIOPTA;
OHAa BEACTCA B HEAOCTATOYHBIX O00bEMaxX MNpH  HAIUYHUHU
3HAYUTEIBHBIX 3alacoB, OOJAJAIOIIMX OTHOCUTEIBHO HHU3KUM
Ka4€CTBOM.

* Haubo1ee depuyumnvimMu B yKa3aHHOM IiepeuHe sBiisitoTcs Ti, Ta,
Nb, Zr, Ookcutel (Al): HX OTEYECTBEHHOE IOTPEOJICHUE
oOecreunBaeTCd  MAaBHBIM ~ 00pa3oM  3a  CUET  HMIIOpTa
(OpeuMyYIECTBEHHO B H3JEIUIX) IIpH BeChbMa OIPAaHUYCHHOM
n00bpde  (HECMOTps HA  KPYIHBIE  3amacbl  OTHOCHTEIILHO
HHU3KOKA4YE€CTBEHHBIX PY/I).



Crparernueckoe u aepuuuranoe MC Poccniickoii @eaepanuu
HA MHPOBBIX CHIPbEBbIX PbIHKAX

IKCIOPT:

 Jloctarouno ocBoeHHble MCD ® pa3BuTbiE NPOMU3BOICTBEHHBIE
(moObIBaroIIME U MepepadaThIBalOIME) MOITHOCTH HedTH, raza, ymis, Fe-pyn,
Cu, Ni, Au, PGE, anmazop (C), anmatutoB (P), K-coneit, xpuzorui-acoecra
OPEIONPENCTAIOT KPYMHOMACIITAOHBIA IKCHOpPM IMUX BBICOKOIUKBUIHBIX,
oonvuwen wacmoro cmpamezuieckux sujoB MC.

e [Ipy HEmOCTAaTOYHO OCBOCHHBIX (MJU MPAKTUUYECKHM HEOCBOCHHBIX)
MCB, HO pa3BUTBHIX MNPOU3BOJCTBEHHBIX MOIIHOCTAX IEpepabOTKU ChIPhS
akcnopmupyrwmca crtparerudeckue Al m Ti, a Takxke Pb, peakue u
pacCessHHbIE JIEMEHTHI (cmpamezuueckue), Zn, u Ipyrue oepuyummvle BUIbI
ChIpbS C HEIOCTAaTOYHO OCBOCHHOW ChIPHEBOM 0a30ii MW OTHOCHUTEJIBHO
HEPa3BUTHIMH  MPOU3BOJACTBEHHBIMU MOIIHOCTSIMH.



HNmmnopr:

e BaxxnenmmmuMm umnopmupyemoim MC aBisitorcs Mn,
Cr, OOKCHUTHI (cmpamecuuecKue), BBICOKOKAY€CTBEHHBIN KaOJIWH
1 OCHTOHMT (Odegpuuummnsie): NIOTPEOHOCTh B HUX OTCYSCTBEHHOMN
SKOHOMHUKH B 0003pHUMOM OyAyIIEM HE MOXKET ObITh 0OccrIEeUeHa
3a cdyer cobOctBeHHoM MCB (mpeoOnamaromnii  ghakmop
«ecmecmeeHHo2o0 oedpuyumay).

* Hegocrarounass 0CBOCHHOCTh OT€UECTBEHHOU ChIPHLEBOU
0azer U, Pb, Ti, Zr, pedkux W pacCESHHBIX JJIEMEHTOB, psjaa
apyrux BujoB MC aukTyeT HEOOXOAMMOCTh HX HMMIIOPTa JJIs
MOKPBITUSL CYIISCTBYIOILIETO JAcduiuTa B ONMKAWIIME TOAbI
(mpeoOmagarIui ghakmop «ynpaeinaemozo oepuuumay).



UTo TaKkoe «KpuTuyeckKoe
MUuHepanbHoe cbipbe — KMC»?

Brigemsiemoe B CIIIA, EC u ap. npOMBIILICHHO-
pa3BuThix crpaHax KMC 10 cBoeMy COJEpKAHUIO
HanOoJiee OJIU3KO HaIlleMy NOHSTHUIO depuuumuoe MC:

«Critical mineral — Minerals that are both essential in
use and are subject to considerable supply risk»

(«...MHHEpaJIbl, KOTOpPbIE€  CYIIECTBEHHBI KaK B
MCMHOJIb30BAaHUHU, TaK W  SBJAIOIMECS CYOBEKTOM
3HAYUTEILHOI'O PUCKA CBOUX IMOCTABOKY).



Jpyroe onpeaenenne KMC kak

«Minerals essential to the national defense, the procurement of
which in war, while difficult, is less serious than those of strategic
minerals ... and for which some degree of conservation and

distribution control is necessary»

(«MuHepanpl, CYIIECTBEHHBIC 11 HAllMOHAJIbHOW O€30MacHOCTH,
oOecredeHue KOTOPBIMHA BO BpEMsI BOMHBI MEHEE IIPpOOJIEMAaTHYHO
YeM CTpaTeTMYEeCKMMH MMHEpallaMHM, ... HO HMX HaJIU4YdE W
pacnpencieHue B M3BECTHOHM MEpEe HEOOXOAWMO KOHTPOJHUPOBATH)

conmmxaeT ero co cmpamezuueckum MC.

B CIIA yrons, He()Th, TOPIOYHM a3 U APYTUE BUABI OPTraHUYECKOTO
TOC k KMC ne otHocsarca; nepedeHb KMC ¢ TedyeHueM BpeMEHHU

N3MCHACTCAL.



[Mloyemy «... B 3koHOMukax CLUA u EC» ?

[ mobanusauyma mmpoBon 3KOHOMUKKU (B T.4. MCB) n Hay4HO-
TEXHNYECKNN nporpecc B nocrnegHne  AOecATuneTus
NHTEeHCcudnunpoBanm NCcrnonb3oBaHme MC-maTepunanoB —
Heobxoanmowu OCHOBbI ans Npoun3BOACTBa KaK
BbICOKOTEXHOJTIOIMMYHOM npoayKumn OBOWHOrO Ha3Ha4YeHUs
(KOMMblOTEPLI, aBTOMOOUNM, camMoneTbl U Op.), Tak U TOBapoOB
CTPEMUTENBHO pacTyllero nOoBCEAHEBHOrNO Ccrnpoca, Takux Kak
MOODOUNbHbIE TENEMOHLI, IMTUEBLIE NOHHbIE DaTapenkn, BONOKOHHO-
ONTUYECKUN Kabenb, CUHTETUYECKOE roptovee u ap.
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The dynamics of two decades of computer chip technology development and its mineral and

element impacts. In the 1980s, computer chips were made with a palette of twelve minerals

or their elemental components. A decade later, 16 elements were employed. Today, as many

as 60 different minerals (or their constituent elements) may be used in fabricating the high-
speed, high-capacity integrated circuits that are crucial to this technology.

SOURCE: Used with permission from Intel Corporation.



m [losBieHHME HOBEMINIMX TEXHOJOTUU (emerging
technologies) v CBsI3aHHOE€ C HHMM HCIIOJb30BaHUE
HOBBIX MC-MaTepuaaoB 00IbIIEH YaCThIO IIPOUCXOIUT B
CIOA wu crpanax EC — nuaepax HaAy4YHO-TEXHUYECKOIO
nporpecca, B TO K€ BpeMs OCTPO HYXKIAIOIIUXCSI B
neaoM psange MC-poayKToB, T.€. KpUMUYECKUX Ui

3KOHOMMK 3THX CTPaH.



MC-00ecnieuenne/3aBHCUMOCTD DKOHOMHUK
CHHIA u EC

m B 2010 romy CIIA wnaxomumuce B 100% 3aBucumocTu OT
3apyOexHbIX TocTaBoK mo 18 Buamam MC u Oosee yuem B 50%
3aBucuMocTH eme 1mo 43 Buapam MC; UMIIOPT OCYIIECTBISIICA W3
bpasumuu, Kananwsl, Kwurtasa, Opanumu, [epmanuun, Anonuwu,

Mekcuku, Poccuu u Benecyasl.



Ponb Heropro4yero MMHepanbLHOro cbipbsa B 3koHoMmuke CLUA
(oueHo4Hble Nnoka3aTenu 3a 2019 ron)

NET EXPORTS OF MINERAL
RAW MATERIALS

GOLD, SODA ASH, ZINC
CONCENTRATES, ETC.

Exports: $9.3 billion
Imports: $5.6 billion
Net exports: $3.7 billion
I

DOMESTIC MINERAL RAW
MATERIALS FROM MINING

COPPER ORES, IRON ORE,
SAND AND GRAVEL,
STONE, ETC.

Value: $86.3 billion

METALS AND MINERAL
PRODUCTS RECYCLED
DOMESTICALLY

ALUMINUM, GLASS, STEEL,
ETC.

Value of old scrap: $36.1 billion

NET EXPORTS OF OLD
SCRAP

GOLD, STEEL, ETC.

Exports: $15.8 billion
Net exports: $9.7 billion
I

THE ROLE OF NONFUEL MINERALS

IN THE U.S. ECONOMY
(ESTIMATED VALUES IN 2019)

MINERAL MATERIALS
PROCESSED
DOMESTICALLY

ALUMINUM, BRICK, CEMENT,
COPPER, FERTILIZERS,
STEEL, ETC.

Value of shipments:
$770 billion

NET IMPORTS OF
PROCESSED MINERAL
MATERIALS

METALS, CHEMICALS, ETC.
Imports: $139 billion

Exports:_$86 billion
Net imports: $53 billion

Sources: U.S. Geological Survey and the U.S. Department of Commerce.

U.S. ECONOMY

Gross Domestic Product:
$21,429 billion

IMajor consuming industries of processed mineral materials are construction, durable goods manufacturers, and some
nondurable goods manufacturers. The value of shipments for processed mineral materials cannot be directly related to
gross domestic product.

MuHepanbHoe
Cbipbe
ocTaeTcs
¢yHaameH-
TanbHbIM B
3KOHOMMKeE
CLUA Ha
HEeCKOJIbKNX
YPOBHSIX,
BKIoYas
ero
Aoo6bIvy, ne-
pepaboTKy

W
I-|1pov|3|301:|.-
CTBO KOHeu-
HOW npo-
AYKUMN.



CtoumocTtb (Mnpa. $ CLUA) Heroproyero MMHepanbHOro CbipbA,
npousBeaeHHOro otaesibHbIMuU Wwtatamm B 2018 roay

VALUE OF NONFUEL MINERALS PRODUCED IN 2019, BY STATE

N
{

USS. total: $86.3 billion

8
7
3
] . D EXPLANATION P
B Value, in billion dollars ;
§4 <1
; 102
® >2t04
23 >4t09
2
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*Partial total; excludes values that must be withheld to avoid disclosing company proprietary data, which are included with "Undistriouted” in table 3.

Ha kpyrosow auarpamme: cneBa — npo4yee HemeTannuyeckoe cbipbe ($ 31mnpa.); cnpaBa — metannsbi ($ 25,9 mnpa.);
BHU3Y — NPUPOAHLIA Necok u rpaeun ($ 25,3 mnpa.).

LtaTbl (N0 HUCXOAALWEN Ha Anarpamme BHU3Y): HeBapa, Apu3oHa, Texac, KanucdopHus, MuHHecorTa.....



MaBHenwWwMne NCTOYHUKN MMNOPTA TEX BUAOB HEroproyYero MMHepasnbHOro Chipbs
(MC) B CLUA, nonsa nmnopTta Kaxxaoro U3 Kotopbix obina 6onee 50% ot
MCMNONIb30BaHHOrO NMPOMBbILSIEHHOCTbIO cTpaHbl B 2019 roay

MAJOR IMPORT SOURCES OF NONFUEL MINERAL COMMODITIES
FOR WHICH THE UNITED STATES WAS GREATER THAN 50% NET IMPORT RELIANT IN 2019

| EXPLANATION
Number of commodities, 2019
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<= [l 318’
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In 2019, no countries qualified for the "13 to 18 commodities" category.

Source: U.S. Geological Survey

Kutan n Kanapa — nuaepbl no Yyncrny BUAOB MUHEParibHOro Cbipbs, NnoctaBrieHHbIX B CLUA
B 2019 roay. (y4TeHbl BUAbl MUHEPASIbHOIO CbipbA, UMNOPT KOTOPbIX cocTaBun 6onee 50%
OT UCNONIb30BAHHOIO NPOMBbILSIEHHOCTbLIO CTPaHbl B Te4eHUe roaa).



2010 U.S. NET IMPORT RELIANCE FOR SELECTED NONFUEL
MINERAL MATERIALS

Commodity Percent Major Import Sources (2006-09)"
ARSENIC (trioxide) 100 Morocco, China, Belgium

ASBESTOS 100 Canada

BAUXITE and ALUMINA 100 Jamaica, Brazil, Guinea, Australia
CESIUM 100 Canada

FLUORSPAR 100 Mexico, China, South Africa, Mongolia
GRAPHITE (natural) 100 China, Mexico, Canada, Brazil

INDIUM 100 China, Canada, Japan, Belgium
MANGANESE 100 South Africa, Gabon, China, Australia
MICA, sheet (natural) 100 China, Brazil, Belgium, India

NIOBIUM (columbium) 100 Brazil, Canada, Germany, Estonia
QUARTZ CRYSTAL (industrial) 100 China, Japan, Russia

RARE EARTHS 100 China, France, Japan, Austria
RUBIDIUM 100 Canada

STRONTIUM 100 Mexico, Germany

TANTALUM 100 Australia, China, Kazakhstan, Germany
THALLIUM 100 Russia, Germany, Netherlands
THORIUM 100 United Kingdom, France, India, Canada
YTTRIUM 100 China, Japan, France

GALLIUM 99 Germany, Canada, China, Ukraine
GEMSTONES 99 Israel, India, Belgium, South Africa
BISMUTH 94 Belgium, China, United Kingdom, Mexico
PLATINUM 94 South Africa, Germany, United Kingdom, Canada
ANTIMONY 93 China, Mexico, Belgium

GERMANIUM 90 Belgium, China, Russia, Germany
IODINE 88 Chile, Japan

RHENIUM 86 Chile, Netherlands

DIAMOND (dust, grit and powder) 85 China, Ireland, Russia, Republic of Korea
STONE (dimension) 85 Brazil, China, Italy, Turkey

POTASH 83 Canada, Belarus, Russia

COBALT 81 Norway, Russia, China, Canada
TITANIUM MINERAL CONCENTRATES 81 South Africa, Australia, Canada, Mozambique

Mineral commodities for which the U. S. imports at least 81% of its annual
consumption. For example, 100% of U. S. rare earth consumption is imported and
92% of this comes from China.



2019 U.S. NET IMPORT RELIANCE'

Commodity

ARSENIC (3l forms)
ASBESTOS

CESIUM

FLUORSPAR

GALLIUM

GRAPHITE (natural)

INDIUM

MANGANESE

MICA, sheet (nardl)
NEPHELINE SYENITE
NIOBIUM (columbium)

RARE EARTHS’ (compounds and metal)
RUBIDIUM

SCANDIUM

STRONTIUM

TANTALUM

YTTRIUM

GEMSTONES

BISMUTH

TELLURIUM

VANADIUM

TITANIUM MINERAL CONCENTRATES
POTASH

DIAMOND (Incustrial stonss)
BARITE

ZINC (refned)

TITANIUM (sponge)
ANTIMONY (metal and oxide)
RHENIUM

STONE (dimension)

COBALT

TIN (refined)

ABRASIVES, fusad Al oxdoe (cruoe)
BAUXITE

CHROMIUM

PEAT

SILVER

GARNET (Indus¥ial)
PLATINUM

ALUMINA

MAGNESIUM COMPOUNDS
ABRASIVES, slicon caride (crude)
GERMANIUM

ICOINE

IRON OXIDE PIGMENTS (natural and synthetic)
TUNGSTEN

DIAMOND (Incustrial dust, grit, and powder)
CADMIUM

MAGNESIUM METAL

NICKEL

SILICON (metal and ferroslicon)
MICA, scrap and fiake (natural)
COPPER (refned)

PALLADIUM

LEAD (refined)

SALT

PERLITE

LITHIUM

BROMINE

SELENIUM

ALUMINUM

IRON and STEEL

China, Estonla, Repudic of Korea, Japan
India, lsrael, Beiglum, Soum Africa

China, Baigum, Mexico, Republic of Korea
Canada, China, Germany

Austria, Canada, Russia, Rapubiic of Koraa
South Africa, Australla, Canada, Mozambique
India, South Afiica, Botswana, Australa
Ching, India, Moroceo, Mexico

Canada, Mexico, Australla, Peru

Japan, Kazakhstan, Ukraine, China, Russla
|China, Thaland, Beigum, Inda

|Chile, Gammany, Kazakhstan, Canada
[China, Brazs, naly, Turkey

|Norway, Japan, China, Canada

|Indonesia, Malaysla, Peru, Ballvia

|China, Hong Kong, France, Canada
|Jamalca, Brazl, Gunea, Guyana

South Africa, Kazakhstan, Russla

|Canada

Mexico, Canada, Peru, Poland

|Australla, India, Soum Africa, China

|South Amica, Germany, taly, Russla
|Brazi, Australla, Jamalca, Canada

|China, Canada, Ausiralla, Hong Kong
|China, South Africa, Netherands, Hong Kong
China, BEgum, Gamany, Russa

[Cnte, Japan

|China, Germany, Brazl, Canada

|China, Boia, Germany, Spain

[China, Ireland, Repubiic of Korea, Russia
|China, Australla, Canada, Peru

|Isra2!, Canada, Mexico, United Kingdom
|Canada, Norway, Australla, Finlang

| Russia, Braz, Canada

Canada, China, India, Finland

Chile, Canada, Mexico

South Africa, Russia, Gemmany, faly

Canada, Mexico, Repudic of Korea, Indla

Chile, Canada, Mexico, Eqypt

Graece, China, Mexico

Argentna, Chile, China

Isra2l, Jordan, China

China, Phillppines, Mexico, Germany

Canada, Russia, United Arab Emirates, China

Canada, Brazi, Repubic of Korea

“Not all mineral commoditias coverad In this publicazion e lisiad hare. Those not shown Inciude mineral commodizes for which the United States Is 3 nat exporter
(abrasives, metalic; boron; ¢ays; diatomite; golct Nellum Iron and steel scrap; iron ore; kyanie: molyodenum concantrates; sand and gravel, Industrial; soda ash; stankum
dlodde pigment; woilastonhs; 2eailtes; and Zirconium mineral concentrates) or 1ess than 21% Impor railant (penyiium; cement, feldspar, gypsum; Iron and steel slag; Ims;
nitrogen (Mxed-ammonia; phosphate rock; PUMICE; Sand and grave!, construction; stone, Crushad; S, 13k and pyrophylits; and vermicults.). For some mineral
commodiies (hatium; mercury, quanz crystal, industrial; thallum; and orum), not encugh Information is avallabie 10 calculate e exact percantage of Import raliance.

*In dascanding order of Import share.
3Data Include lanthanides.

OCHOBbI YUCTOro UMNopTa

CLIA B 2019 roay

N3 46 BWOoB HeEropro4vero
MUHeparnbHoro cbipbsi (MC),
NCNOSIb30BaHHOIO
npomblwneHHocTbo CLUA B
2019 rogy n 6onee
NOSIOBUHbI KaXXaoro u3
KOTOpPbIX 6bI1S10
nMmnopTuposaHo, ana 17
BNaoB (Bkntovasa 14 Bnaos —
Kputuyeckoro MC) nmnopt
coctasun 100% rogoBoro
noTpebnenus, a ans
ocTaBLMxca 29 BnaoB
(Bkntovaa 17 BngoB —
Kputudeckoro MC) nmnopt
cocTtaBun 6onee 50%
rogoBoro noTpebneHus
NPOMBbILLIIEHHOCTbBIO CTPaHbI



OKoOH4aTesIbHbIN CMUCOK KPUTUYECKOro MUHepasribHOro
Cbipbfl, onyonukoBaHHbIN B ®eaepanbHom Perucrpe
18 maa 2018 roga (83 FR 23295) u Bknrovarowmmn
35 BUOOB MMHEPanbHOro ChipbA
(USGS, Mineral Commodity Summaries — 2020)

The final list of critical minerals was published in the Federal
Register on May 18, 2018 (83 FR 23295), which included 35 minerals
or mineral material groups. These were: aluminum (bauxite),
antimony, arsenic, barite, beryllium, bismuth, cesium, chromium,
cobalt, fluorspar, gallium, germanium, graphite (natural), hafnium,
helium, indium, lithium, magnesium, manganese, niobium, platinum-
group metals, potash, the rare-earth-eleens group, rhenium,
rubidium, scandium, strontium, tantalum, tellurium, tin, titanium,
tungsten, uranium, vanadium, and zirconium.

Al (bokcuT), Sh, As, BaSO, (6apuT), Be, Bi, Cs, Cr, Co, CaF,
(cpbrioopuT), Ga, Ge, C (rpadut npupoaHsin), Hf, He, In, Li, Mg, Mn, Nb,
PGM, KOH (notaw), REE, Re, Rb, Sc, Sr, Ta, Te, Sn, Ti, W, U, V, Zr.



m /lenaprament sHepreTuku CIIIA yka3biBaeT Ha 9
CKPUTHUYECKUX» PEIKO3EMEIIbHBIX DJIEMEHTOB — Y, La,
Ce, Pr, Nd, Sm, Eu, Tb u Dy, a takxe In, Ga, Te, Co u
L1; mpu 5ToM «HanoOoJjee Kputuueckumn» (high-priority
critical materials) B KpaTKOCPOYHOM IEPCIICKTUBE

paccMmartpuBarorca Dy, Nd, Tb, Eu, Y u In.



m K uyncny «Kputnyecknux» anemMeHToB B
SHepreTuke (energy critical elements) OBLLECTBO
maTepuanoBeneHust CLLUA nobasnset Ge, Se,
Ag, Gd, He, PGE u In.

m [IporHo3upyeTcs, 4To NoTpebneHmne muorux
BuaoB MC-matepunarnoB B 0003pnmMon
nepcnekTmee bygeT pe3ko Bo3pacTaTb, oTpaxas
HE TOJIBKO OYPHbIN POCT pa3BMBatOLLNXCS
9KOHOMWUK (Kutan, ngua v gp.), Ho U NoABeHne
HOBEWULLNX TEXHOMNOINWN (emerging technologies).



Global demand of the emerging technologies analysed for raw materials in 2006 and 2030

Demand from | Demand from

Raw material Production emergin_g emergin_g Indicator Indicator
2006 (t) technologies | technologies 2006 2030
2006 (t) 2030 (t)
Gallium 152 28 603 0.18 3.97
Indium 581 234 1.911 0.40 3.29
Germanium 100 28 220 0.28 2.20
Neodymium 16.800 4.000 27.900 0.23 1.66
(rare earth)
P('Sté”“‘jl';" 255 Very small 345 0 135
Tantalum 1.384 551 1.410 0.40 1.02
Silver 19.051 5.342 15.823 0.28 0.83
Cobalt 62.279 12.820 26.860 0.21 0.43
P?ggdl\iﬂ“)m 267 23 77 0.09 0.29
Titanium 7.211.0002 15.397 58.148 0.08 0.29

Copper 15.093.000 1.410.000 3.696.070 0.09 0.24



B mae 2011 r Ha paccmoTpeHune CeHaTta CLUA
BHECEH AKT MOSNMMTUKN KPUTUYECKOTO
Hegpononb3oBaHuaA (Critical Minerals Policy Act),
nmeroLnin uenoto obecneuntb ctpaHy KMC,
YMEHbLLUNUTb 3@aBUCUMOCTb OT MHOCTPaHHbIX
NOCTaBLUMKOB, NogaepxaTb
KOHKYPEHTOCMOCOOHOCTb aMepPUKaHCKNX
0o6bIBaOLLMX KOMNAHUN, 3almilaTb aMepPUKaHCKYHO
9KOHOMWKY N COOENCTBOBATb CO34aHMNI0 pabdbo4nx
MECT.



m B AkTe comepkuTcs TpeOOBaHUE K
amepukaHckou I'eonornueckon Ciryxoe
(USGS) co31aTh «CTPOTYyH0 METOA0JI0T M0
onpeaeieHUus, KaKHe MoJjie3Hble

NCKONMACMBbIC AB/JIAIOTCH KPUTHYCCKUMHM, A

3aTEM HCII0JIb30BaJa 3Ty METOA0J0I'NI0 1AJIH

onpeaeJeHud MepeyHs KpUTHUYECKUX BU/I0B

MHUHCEPAIBHOT'O CbIPbI».



m B 2010 rony eBponenckas KOMUCCUA B
cBOoeM HucciieaoBanuu 41 Buaa He0OXO IMMBIX
CBIPBEBBIX MAaTEPHAIOB (METAILIOB 1
MMHEPAJIOB) BBIJICINIIA U3 HUX KaK
«xkputnaeckue» 14: Sb, Be, Co, CaF2, Ga, Ge,
C (rpadwurt), In, Mg, Nb, PGE, REE, Tau W.

IIpexpaleHue ux UMIoOpTa, 111 EBPONEUCKUX
IpeANpUSTUIA 03HA4Yaa0 Obl OCTAHOBKY
IIPOMBIIIJIEHHOTO TIPOXU3BOJCTBA B
EC.Komuccus onpeaeiuiia OCHOBHbIE CTPAHbI-
SKCIIOPTEPHI ATUX BBIACICHHBIX 14 BUIOB
KMC-toBapoB a1t 3koHOMUK cTpaH EC.



bonee 30 mnH paboynx mMecT B EBpocor3e M MHOIMME Knro4eBble
CEeKTOpPbl 3KOHOMMUKN (aBTOMOBUNECTPOEHME, adpPOKOCMMYECKass OTpacrib,
aTOMHas n BO306OHOBNAeMas dHepreTuka n Op.) 3aBUCAT OT YCTOWNYMBOIO
CHabXeHna npenmyuecTBeHHO umnopTupyemoimm MC maTtepunanamm.

B 2010 roay EK B cBoeM uccnegoBsaHum 41 Buaga Heobxoaumbix Ons
9KOHOMWKM CbIPbEBLIX MaTepunanos, UCMOSb3ys ONU3KUIA YKa3aHHOMY BblLLE
«MATPUKC KPUTUYHOCTW», Bblaenuna wu3 3TUX MaTepuarnos Kak
«Kputnvyeckue»14: Sb, Be, Co, CaF2 (dntooput), Ga, Ge, C (rpadgpur), In,
Mg, Nb, PGE, REE, Ta n W. lNpekpalieHne nx nmnopTa, 41 eBponencKmx
npeanpuaTnm o3Hadano Obl OCTAHOBKY MPOMbILLUIIEHHONO NPOW3BOACTBA B
EC.

B pamkax nporpammbl OOH no okpyxariwen cpepe (United Nations
Environment Programme - UNEP) npoBogdarca  uccrnegnosaHug
dyHOaMeHTarnbHbIX TEeXHOMNorMn Oyayliero, TakMx Kak BO306OHOBrsiemas
9HepreTuka n aHeprocbepexeHue, KoTopble NOoTpPebyoT ncnonbL3osaHus In,
Ge, Ta, Ru, Pt, Pd, Te, Co, Li, Ga n REE. OH1 nmeHyoTCS KaK «3ereHble
Marnble MeTannbl», SBNAACb 6asncoM  MHHOBAUMOHHBIX — «YUCTBIX»
TEXHOJSIOMMIM N nognexaT PEeUNKITNHTY.



Supply Risk

The EU critical minerals matrix (2010)

(EC: MaTpuKC «KpPUTUYHOCTU» MUHEPANBLHOIO CbIpbsl)

1 :;; Fl
e s—
3 | 87 (KD I
| Rare IE&[=] [Flx e e
) | Earths e 23 -
(B (V) |zfw o
| - : =
| o Su|BaLe o) Higre #
4 | | & [ [ ST g
7 ) ] s '
| ——
| : .PGM 'l-z\.»‘ J:L !d-
' = =1~ |
3 |
|
| @ Germanium
| @ @ Magnesium
i | Antimony ® Gallium
|
|
2+ | @Indium
|
@Beryllium
1 | Cobalt. @Tantalum
—p——-—l—————————‘-.—————_ ————— — e ——————— — = et 2 == -
‘l | Lithium /®Rhenium agnesite@ G a(éhl:';m.ium
I
Borate Limestone ; Molybdenum
= Qat?énite Perlite Gypsum BentcmiteSI .Tell.u:lum "o Zink.M;r;g:;\'e.se
® @ ; ilica ron " >
Tk o Feidary @i PP — Aluminumg _Bauicd®®
0 1 — 1 — T T T T
3 4 5 6 7 8 9 10

Economic Importance



Production concentration of critical raw mineral materials
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Metoaosaorus Boiaeaenusas KMC.
«MaTpuKC KPpUTHYHOCTI)

m MeTom0J10rus BBIJCICHUS TaK HA3bIBAEMOTO «KpUTHYECKOTOo» MC
(critical minerals) n3 001 MacChI OJIC3HBIX NCKOMAEMBIX H
IPOAYKTOB UX MEPBUYHOM MepepadoTKu, pazpadoranHas B CIIIA
(National Research Council, 2008), ocHoBaHa Ha OLIEHKE A)
3HAYUMOCTH (BOCTPEOOBAHHOCTH) €0 UCIIOJb30BaHUS B IPOU3BOJICTBE
(importance in use) n 0) crenieHu (BEpOSITHOCTH) IMTOTECHIIUAIBLHOTO
pHCKa B OTPAaHUYEHUM €r0 ITOCTABOK (JJOCTYIMTHOCTH) ITOTPEOUTENIO

(likelithood of a supply restriction).



m KpurepusiMmu «KpUTHYHOCTI ABUJIUCH:

v BO3MOKHOCTbH (MJIH HEBO3MOKHOCTH) 3aMEIEHUS APYTUM BUIOM CBHIPBS;

v (QyHKIMOHAJILHAS HE3aMEHNUMOCTE;

v ITOTCHIOHUAJIBHBIC PUCKH ITIOCTABOK.

[TogquepkuBaeTcs, 4To nociieaHee 00yCI0BICHO IIaBHBIM 00pa3oM TeM,
YTO 3HAYUTEIIBHAA OIS pACHPOCTPAHEHHOIO ChIPhS MIPUXOIUTCS HA
eauHuYHbIC cTpaHbl-3KkcriopTepsl (Hanpumep, REE — KHP, PGE — PO u
FOAP, Co — /1P Konro).



Impact of Supply Restriction

High

Medium

Low

«MaTpuKC KPUTHIHOCTH

Low Medium High

>

Supply Risk

Marpukc KpPUTUYHOCTH»  IO3BOJISIET
OIICHUTh  CTENEHb  «KPUTUYHOCTH
JTAHHOTO MUHEpPaIa/MUHEPAIHHOTO
CBIPBSI.

OueHka 3TOH  «KPUTHYHOCTH
TAeTCs KaK :
v'110 BAXKHOCTH (HEOOXOIUMOCTH,
3HQUUMOCTH, BOCTPEOOBAHHOCTH) €TI0
WCIOIB30BaHus (importance in use) —
ocb Y (y-axis of the matrix), Tak u
vIIO  BO3MOXKHOCTH  (HOCTYITHOCTH,
BEPOSITHOCTH, OTPAHUYECHUIO, PUCKY) €ro
MOJTy4eHUs/00eCTIeUeHUsI (potential
supply restriction) — ocb X (x-axis of the
matrix).

Ha rpaduke creneHp (ypoBEHb) «KPUTHYHOCTH» BO3PACTAET OT JIEBOTO
HWDKHETO yIla K MpPaBOMY BEpXHEMY: MHHeEpan A  sBIsSIeTCs Ooliee

CKPUTHYCCKUM», YCM MHHCPAJI B.



Munepan X (npumep)

Application Group  Proportion of Total U.S.  Impact of Supply Weighted Score
(End Uses) for Market for Mineral X Restriction (product of

Mineral X in Application (values of 110 4) columns 2 and 3)
Aerospace 0.27 4 1.08

propulsion

Pigments 0.65 4 2.60

Biomedical devices  0.08 2 0.1

Overall importance  1.00 NA 3.84¢

In use




Impact of Supply Restriction

Ioso:keHHNEe MUHEpaJia X HA Juarpamme

4 (high)
3.84

B e o

1 (low)

Supply Risk

Ocb Y: (0,27 x4) + (0,65 x 4) + (0,08 x
2) =3,84 (cm. Tabi.)

Ocb X: oT «1» («HM3Kas CTeleHb
pyICcKa») 110 «4» («BBICOKas CTEIIeHb
pVICKa») OLleHMBaeTCA Ka KIbIVI 113
[TV OTPaHMYMBAIOIINX PAKTOPOB
pUCKa JOCTYITHOCTY (HaJe)KHOCTU
II0JTyYeHW): TeOJIOTMYeCKIVA,
TEXHOJIOTUYECKW, IIOJINTUYECKN,
SKOJIOTMYECKUM M COIIMaIbHBI,
5KOHOMMYECKIIL; 13 HUX BbIOMpaeTcs
CaMBbIV «BbICOKMII»; B JAHHOM CJIy4dae
3TO — TeXHOJIOTVYECKUIT (PaKTOP
(4upesBbIUalHas TPYIHOCTb JOOBIUN U
1lepepabOTKM PyObl, OLIEHKA «4»).

BbIBO1: MuHEpan X SIBIAETCA «KPUTUYECCKUM)




./- N

Hesmspnennsie
pecypceu

7T ——
Texnonornueckas
JIOCTYTTHOCTH

/ (BO3MOXKHOCTS)
(éuswem@

/ [Ilonchcxa:

AOCTIIHOCTH

Buanncmmc (BO3MOKHOCTS)

pecypenl

HCT d

3xonomecxan H
CONHANBLHAN
AOCTYTTHOCTH
(BO3MOXKHOCTS)
—
3anacm

@ @

%onoumccm

HCT
( ) AOCTYTTHOCTS
\ (BN3MOKHOCTS)

JocTymHocTh
MHUHEPAJIbHbIX
pecypcoB Kak
IOCJIe0BaTeJIbHAA UX
OLICHKA

NATHIO
OrPAHUYMBAKOIIUMHA
pakropamu

Pecypcsl (resources)
CTAHOBSITCH 3aMacaMu
(reserves), eciau
JTO0KA3aHO, YTO UX
n00bIYa U epepadoTKa
IKOHOMHYECKH

3¢ (PeKTUBHBI
(economically

profitable).



Policy Potential Index

Manitoba
Alb=ra
Havada

\Ha
South Australla
Hew B ik

L

zuesns land

Tasmania

saskatchewan
U

= = Taxk HazpIBacMbIU

e — CHMHJICKC

Miowa
Westarn Australia
ontario
Arzona

Zpaln
Hﬂd.-'LabraEgl:-r

i IHOJIUTNYCCKOI'O

I
south Da
Alas

e— IMOTEHITHAIAY

= (Policy Potential
Index- PPI)

Washington
Burkina Faso
Wilsoonsin

CaAiformia

Inckoniesia

DRC Congo)
RLs3la

Karakhstan

Papua Mew Guinea
Pmllpplnelrs

a

Balivia
Venezugla
Arrkabwee

T
a jx] 20 30 40 50 &0 F0 B0 o0 100



KpUTHYHOCTH MUHEPAJIbHO-CHIPHEBON MPOAYKIIUU
CIHA n EC

FIGURE 3.1 Distribution of porphyry copper deposits (red), PGM deposits (black squares), and magmatic RE deposits (Hack
stars); RE deposits are only those reported to have greater than 1 x 10% metric tons of contained RE oxides. Deposit locations
after Singer et al. (2005), Sutphin and Page (1986), and Jackson and Christiansen (1993). Numerous other types of sedi-
ment-hosted copper and placer-RE deposits also exist globally but are not plotted on this map. SOURCE: hifp://veimages.

gsfc.nasa.gov/2433/land_shallow_topo_2048.jpg.
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Menn B CIIIA

Proportion of Impact of Supply ~ Weighted
Application Group Total U.S. Market  Restriction Score
Building and construction ~ 0.55 3 1.85
Energy provisioning 0.15 4 0.60
Transportation 0.15 2 0.30
Machinery and equipment  0.10 2 0.20
Telacommunications 0.05 l 0.05
Overall importance in use 2.80




Menn B CIIIA

Ocp Y: cM. Ta01. BblLLE

4 (high : o
A (high) | @ : Ochb X: KaXKJIBIN U3 IIATH
M T | paHee YKa3aHHBIX
gl s i | (hakTOpOB pUCKa
=| oSO . - . JOCTYIHOCTH
S - : |
2l . | @@ | | (HaJAC)KHOCTH
g : | | MIOJTYYECHUS)
= R e TR @ Building
: § Foverprocucrion OILICHUBACTCI Kak «1»
Tow) | @SS @ Yocive cqupment (CHHBKHID).
E .. Composite copf)er criticality
1 (low) 2 3 4 (high)

>

Supply Risk
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OOCTYIIHOCTh (B Hactosiiee  BpeMs!) oHa  HE
PacCMaTPHUBACTCA KaK «KPUTHYECKOE» CHIPhE.




Pepkue semnum (REs) B CLLA

End Use Percentage
Automotive catalytic converters 32
Metallurgical additives and alloys 21
Glass polishing and ceramics 14
Phosphors (television, monitors, radar, lighting) 10
Petroleum refining catalyss 8
Permanent magnets 2

Other 13




Impact of Supply Restriction
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baaropoausiin MeTajbl (Pt, Pd, Rh)

B CILIA (uMmopT)
2006 Supply (%)
Region Platinum Pallodium Rhodium
South Africa 78 34 89
Russian Federation 13 5] 7
North America 11 2
Others 4 2




baaropoansie merayuibl (Pt, Pd, Rh) B CIITIA

Ocb Y: Pt—-3,25; Pd -
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JIpyrue Buabl MUHEPAJIbLHOI'O
(Ga, In, Li, Mn, Nb, Ta, Ti, V) ceipbs B CHIA
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Supply Risk
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Impactof Supply Restriction
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ITostoxxeHVe MeIyt OTpakaeT ee BBICOKYIO BOCTpeOOBaHHOCTD 1 He3aMeHVIMOCTb
BO MHOI'MX OTpaciisax mpombiiuieHHoOcT CIITA 1 TOT (pakT, YTO CTpaHa ABNAETCS

oAHMM U3 MUPOBLIX NMNOEepoB B €€ Npon3BoacTtBe U MacLiTabe PEeUUKInHra.
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B 2010 rony eBporierckas KOMUCCHUS B CBOEM
nuccienoBaHuu 41 Bu1a HEOOXOAUMBIX CHIPBEBBIX
MarepruaaoB (METAII0B 1 MUHEPAIOB) BhIACINIA U3

HUX Kak «kputrnueckue»14: Sb, Be, Co, CaF2, Ga,
Ge, C (rpadur), In, Mg, Nb, PGE, REE, Tau W.




Production concentration of critical raw mineral materials
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EBpomneiickas komuccus B 2010 rogy onpegenuna
OCHOBHble CTPaHbI-3KCMOPTEPLI 3TUX BblAeNIEHHbIX 14
Buaos KMC-toBapoB ansa akoHoMuk ctpaH EC.



C 2011 r. bpuTaHcKas reonormyeckas crnyxoa cocTaBnsieT T.H. «CMUCOK
pucka» (Risk List), B KOTOpOM paHXuUpoBaHbl MO CTENEHW pUCKa NOCTABOK
(«<MHOEeKC pucKa») OKOHOMMYECKN 3HAYMMbIE XUMUYECKUE INIEMEHTHI,
HeObXoANUMbIE MPOMbILLSIEHHOCTU U B MNOBCEOHEBHOM XM3HW. [lonoxeHwue
KaXKOoro afieMeHTa B 9TOM Cnucke onpeaensaeTtca pagomM pakTopoB, KOTOpbIe
MOIYT BNUATb Ha YCTOMYMBOCTb/HAOEXHOCTb WX MNocTaBoK. OHW BKIOYaloT
pacnpocTpaHeHHOCTb 3nemeHToB B 3K, nmokanusauur Mo CTpaHam uX
3anacoB 1 TeKywen npoaykumm (Oobbida u nepepaboTka), a Takxe
NOJSIMTUYECKYH CTabunbHOCTb B 3TUX cTpaHax; ¢ 2012 roga gobaBunucb
eule ABa: cteneHb 3aMeHUMOCTHU (substitutability) v ypoBeHb peLUKIIUHra
(recycling) aTUX 3NEeMEHTOB.

B cnucke-2012 - 41 XMMMYECKMM INEMEeHT, [MoJfiydeHne KOTopbIX
COCPefoTOYEHO B €AUHUYHLIX CTpaHax; AOf9 KaXOoro U3 HUX YyKasaHbl:
HauMeHOBaHMe N CUMBOJI, MHAOEKC pUCKa B UMJPOBOM Buae, Beayllas
CTpaHa-npousBoAuTesb, MaBHbIM 0bragarternbs (cTpaHa) 3anacos.

B cnuncke «BbICBEYMBAKTCA» IKOHOMUYECKU BaXKHble MeTasfbl C BbICOKUM
puckom npekpawieHmna noctasok: REE, MIIT, Nb n W; oH Takke nokasbiBaeT
NUCKIIOYNUTENBHYIO  3HaYMMocTb Kutasa  kak  rfaBHOro - MUPOBOro

npomn3BoanTena MHOrMx MetTasiyioB U MMHEPAaros.



Element or Element Groups Supply Risk | Top Producer | Top Reserve Holder
Index

REE China China
W China China
Sb 9.0 China China
B 9.0 China China
Mo 8.6 China China
Sr 86 China China
Hg 8.6 China Mexico
Ba 8.1 China China

| C (graphite) 8.1 China China
Be 8.1 USA Unknown
Ge 8.1 China Unknown
Nb 76 Brazll Brazll
PGE 1.6 South Africa South Africa
Co 1.6 DRC DRC
Th 16 India USA
In 16 China Unknown
Ga 16 China Unknown
As 16 China Unknown
Mg ek China Russla
Ta ok Brazil Brazil
Se 7.1 lapan Russla
Cd 6.7 China India
u 6.7 Australia Chile
v 6.7 South Africa China
Sn 6.7 China China
F 6.7 China South Africa
Ag 6.2 Mexico Peru
Cr 6.2 South Africa Kazakhstan
NI 6.2 Russia Australia
Re 6.2 Chile Chile
Pb 6.2 China Australia
C (dlamond) 6.2 Russla DRC
Mn 5.7 China South Africa
Au 5.7 China Australia
U 5.7 Kazakhstan Australia
Zr 5.7 Australia Australia
Fe 52 China Australia
Titanlum (Rutile, llmenite, and Leucoxene) 48 Canada China
Al 4.8 Australia Guinea
In 43 China Australia
Cu 43 Chile Chile

Risk list-2012

Current supply risk—index for chemical
elements or element groups which are of

economic value
(British Geological Survey)

PaH)KVIPOBaHVIe AfieMeHTOB N0 OTHOCUTEJIbHOMY

WHAEKCY pUCKa NOCTaBOK.

LWkana pucka— ot 1 go 10 (6onee «ropsiume» OKpacku

yKasblBaloT Ha BO3pacTaHue pucka NocTaBok).

MHaekc pucka ans 41 aKOHOMUYECKN 3HAYMMbIX ANIEMEHTOB

o 0~ w

paccynTbIBancs no cymme 7 paBHOB3BELUEHHbIX
nokasatenen (MHANKaToOpPOB):

Scarcity. Crustal abundanes.
PacnpocTtpaHeHHOCTb B 3eMHOM Kope (knapk). //
1 — low; 2 — medium; 3 — high//

Production concentraton. KoHueHTpauus
npousBoacTBa/goobbiun. // 1 — low; 2 — medium; 3
— high//

Reserve distribution. PacnpeneneHune 3anacos. // 1
— low; 2 — medium; 3 — high//

Recycling rate (recyclability). YpoBeHb (cTeneHb)
peuunKnuHra. /} 1 —high; 2 — medium; 3 — low//
Substitutability. 3ameHsiemocTb, 3amecTMMOCTb. //
1 — low; 2 — medium; 3 — high//

Political stability (top reserve holder).
Monutuyeckaa ctabunbHOCTbL (CTpaHa €
Hanbonbwumm 3anacamm). // 1 —high; 2 — medium;
3 — low//

Political stability (top producing country).
Monutuyeckasa ctabunbHOCTL (rMaBHasA cTpaHa-
npousBoautens).// 1 —high; 2 — medium; 3 — low//



The calculation of supply risk index
(PacyeT HOEKca pucka nocraBok/nory4yeHus )

Category Rare Earth Element Score Copper Score

Value Score Value Score
Recycling rate (%) <10 3 >30 1
Substitutability H 3 L 1
Crustal abundance (ppm) 0.3 3 27 2
Reserve distribution (%) 50 2 28 1
Production concentration (%) 97 3 34 2
Political stability (top reserve holder) 24.1 3 67.5 1
Political stability (top producing country) 24.1 3 67.5 1
Total 20 9
Supply Risk Index (Total/2.1) 9.5 4.3

Table 2 - The calculation of a supply risk index.




USA, 1 DRC,1 _Canada,1 Where in the world do
’— the elements we need
= come from?

Mexico, 1
India, 1
Kazakhstan, 1

Japan, 1

Chile, 2

Brazil, 2

South Africa, 3

Australia, 3

Figure 1. Chart indicates the number of times a country is the leading global producer of an element
or element group of economic value. Source: BGS World Mineral Statisitics



Moo HayyHOW pepakumen 3kcnepTa bpuTtaHckoM reonornvyeckon Cryxobl
(BGS) I'. TaHHa (Gunn G) rpynnon Begywmx cneumanuctoB EC n CLUA
n3gaHa KHUra-pykoBoacTtBo no Kputunydecknm metannam (Critical Metals
Handbook, 2014): Sb, Be, Co, Ga, Ge, In, Li, Mg, PGMs, REEs, Re, Ta, Nb,
W. [naBbl KHUMW, MOCBAWEHHbLIE OTAENbHbIM MeTanaaMm Ku MxX rpynnam,
cocTaBrieHbl MO0 €aMHOMY MnaHy C nocrnegoBaTerlbHbIM PacCMOTPEHNEM UX
reonornn, MecTtopoXxaeHun, nepepaboTkn pyn U KOHUEHTpaToB, obnacteun
NpUMEHeHNs, NPobiemM 3KOIOrMm, MMPOBOTO PbIHKA.

3apybexHbil onbIT BblaeneHna kputndeckoro MC u3 obuiero MHOXecTBa
Nofes3HbIX UCKonaeMbix TpebyeT BHMMATENBHOIO N3y4YeHNs NPUMEHUTESIBHO K
YyCIrnoBUsAM Hallen cTpaHbl. icxooa v3 BeCcbMa 3HAYUTENbHOrO PecypcHOro
noteHuuana Poccunm Mo MHOMMM BMOAM KPUTUYECKOro AnA 3KOHOMUK
NPOMbILLSIEHHO-Pa3BnUTbIX cTpaH MC, HeobxooMmmo pes3koe yBeNM4eHune ux
nobbivm 1 nponssoacTea B PO kak 3a cHET OCBOEHUS HOBbIX MECTOPOXAEHUMN,
Tak N BHEOPEHMEM COBPEMEHHbIX TEXHOMOMMNn rnyboKon KOMMNEKCHOW
nepepaboTkn pya, OTBaANoB U OTXO40B FOPHOPYAHOro, MeTanypruieckoro u
XUMUYECKOro MNPOM3BOACTB. JTO MO3BOSINT CTpaHe cCcTaTb KPYMHbIM
aKcrnopTtepoM B Bbicwen crteneHn nukemgHoro MC wn obecneunTb UM
cobCTBEHHbIE NOTPEBHOCTN.



3aKkJdI0YeHHue

['moGanu3ainuss MHUPOBOM HSKOHOMUKM M HAyYHO-TEXHHUYECKHUM  IPOrpecc
WHTCHCU(DUIMPYIOT HCIoJib3oBaHue MC-MarepuaaoB — HEOOXOJWMON OCHOBBI
MIPOU3BO/ICTBA BEICOKOTEXHOJOTUYHOW MTPOTYKIIUH.

[lepenoBbie cTpanbl-nipon3BoauTenn 3Tord npoaykuuu (CHIA, EC u ap.) octpo
HYXKIAKTCA B pa3nnuHbix MC-Marepualnax, SBIASIONUXCA «KPUTUUYECKUMW IS
X SKOHOMUK.

['eomornyeckas Cnyx0a CIIIA nponomxaer pa3pabOTKy METOJI0J0TUU
ONpPEACICHUSI KPUTUYECKUX BUJIOB MUHEPAIBHOTO ChIpbA (critical minerals) nns
OKOHOMMUKHU CTpPaHbl, OCHOBAHHOM HAa MPUMEHEHUU TAaK HA3bIBAEMOI'0 «MaTpPUKCA
KPUTUYHOCTH», OTPAXKAIOIIET0 BAXHOCTh  (HE3aMEHUMOCTb, 3HAYMMOCTb,
BOCTPEOOBAHHOCTh) CBHIPbSI U €ro JOCTYNMHOCTHh (BO3MOKHOCTH TMOJYYECHUS)
MOTPEOUTENIO.

3apyOeKHBIH OIBIT ONPEJACIICHUS «KPUTHUYHOCTH» Pa3IuyHbIX BHJI0B MC
npeanojaraeT HaJlMuue psja CTaTUCTUYECKUX MOoKaszaTelieil B MaclITabde CTpaHHl,
oTpaciii. DTOT OIBIT TpeOyeT BHUMATEJIBHOI'O H3YYEHHUS HPHMEHHUTEIIBHO K
ycioBusM Poccuu;
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Potential in EU for production of critical minerals

Producing countries Potential, EU33 Potential, rest of Europe
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Gallium
Germanium
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Magnesium
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PGM

REE
Tantalum

Tungsten

Turkey

RussiA

Germany, Spain, UK

Germany

Belgium, Finland, Spain

Austria, Norway, Romania, Turkey

Belgium, Germany, Italy, Netherlands, Russia,
UK

Austria, Greece, Netherlands, Russia, Slovakia,
Spain, Turkey

Poland, Serbia

Russia

Austria, Portugal, Russia, Spain

Modified from R. Boyd, Norway Geological Survey, 2012

Austria, France, Serbia, Slovakia

Finland, France

Finland, Greece

Sweden

France, Hungary, Slovakia
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Finland

Finland
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Ukraine, Norway?, Russia?
Greenland?

Norway, Russia
Norway, Greenland

Russia, Norway

Russia, Greenland

Greenland

Norway

Greenland, Russia, Norway
Russia, Greenland
Greenland, Norway
Greenland, Russia

Greenland




MAIN MINERAL DEPOSITS
OF EUROPE

AND KEY METALLOGENIC PROVIN
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Ttanum
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Tungsten
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