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Abstract: This paper is the result of mineral exploration engineering.

[Objective] The global energy transition and the rapid development of emerging industries have heighten the importance of
securing a stable supply of critical minerals, which are essential for economic and technological transformation. This issue has
garnered significant attention from governments and multinational enterprises, becoming a focal point in earth sciences research.
[Methods] Through a systematic analysis, this paper examines the latest trend of global supply of critical minerals, identifies
emerging research hotspots, and offers insights into future development. These findings provide valuable guidance for China's
strategic planning in critical minerals and resource security. [Results] This study reveals that the stability of global critical minerals
supplies has received a great deal of attention from the world's major economies and important manufacturing companies. The
leading role of governments in shaping the supply chain of key minerals and the industrial chain is becoming increasingly evident.
The methodology for determining critical list is evolving, the number of mineral species is expanding, but the overlapping mineral
species are becoming more and more aggregated. With deeper research into mineralization processes and the occurrence of critical
minerals, new deposit types are emerging. Manufacturing enterprises and mining enterprises are interfacing more closely, with a
clear trend towards upward and downward integration, and investment institutions are increasing their support for investment in key
minerals and research and development of new technologies. [Conclusions] As energy transition efforts intensify, the importance of
critical minerals will continue to grow in the energy transition, driving increased demand, investment, and resource discovery.
Notably, smaller critical minerals, such as lithium, may gain significance and emerge as major resources. Resource—rich nations like
Australia and Canada are strengthening their supply advantages, while lost regions such as Central Asia and Europe are reasserting
their roles in the market, marine mineral resources exploration and development on the agenda. The global supply landscape is likely
to become more diversified. Advances in technology, innovations in alternative processes, and the iteration of recycling technology

will open new avenues for the securing critical mineral supplies.

Key words: critical minerals; energy transition; battery metals; stabilization of supply; mineral exploration engineering; mining
situation

Highlights: This paper systematically reviews emerging global trends in the stability of critical mineral supplies, identifies new
research hotspots, predicts future developments in the critical minerals sector, and offers relevant recommendations.
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Bifi 5 25 ] O 55 7 i A [ SC B 7= 41k hiy 4%
Fag, H OE SR (ECA) AT & 4 Rl AILAA (DFI)
SR RGERILRA X SR 7 R 2 7y OV B R
Bk, KA VE ORI, KR T 2023 4R
3l 20 fCERIT I R S 4, o Bl A RN AL E R T
Z 4, RO 7R IF R LN T A Gl A R
PEALTY 4, HRETIEAE iR S 4 TR AR E ]
B¢ 4, AARBESCHED r= Bk 2h o C B VR
RIS (ATF) . Tk gl R4 (IETF) | B K%L
4 % 5 % K 4 (NSSIF) | o [ 35 Al 3% it 48 17
(UKIB) DA ke e [t 11 il 5% (UKEF) 25 8 SC B 7™
Ak Bt R B A S RE, PR A G
e KEBR L T AT RE 7 0 & R (TR A, 2023) .
TN KA e w7 Bl it 2 4, S ikaiR
40 {235 0 T8 7= 4k 1y B i S 4 H AL A
WA . 2020 4F 12 H, K FI W Ironbark 23 7]
Fon, EEYEH TARTT IEAE % BN HAEAS IR 2= 5 1)
Citronen £FYI H HIE 6.57 {¢3ETTRITR . 2022 4F
2 H, KR CEEA™ 7 Fil 5 LI ( Critical Minerals
Facility ) [n] P 28 I8 KR WA R R T 55— 2B 083K .
56, 45 EcoGraf A ®I#&{L T 3500 J7 30y BEak s
B A KAEVG AT Z 4 0 —25 9h 40 R Tl
DX T 2 1 KA I i £ A AR B I A 7 3k A

el . EHIK, %45 Renascor Resources 2~ 7 #2145
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ik 1.85 AZETTIIBEER, SCHRFIAE B IR FIE I & 25
AR T . 2023 4F 10 A, IRKH B
I AR ST 7 i B R K 20 123 TT, LR
PO AR 7™ B B0, %9 4 Sl ek R Y
SR/ F (EFA) #2438t
2.5 ESG fRETXBY FEERF L THMHEERES
AR AE AL T CO, Wi HEE 155 F, LU
]y PR BE G e | B AT A 23 AR AL SR AN T
IRHELRE 1 M D AR EE | At 2 F A FA HL(ESG,
Environmental, Social and Governance) Fl /& 1 Wi Ji%,
Joat o 0% kR I (/N 2024 7 R A,
2024) o KREED AT T RAE BRI HER 2T
Z—, WIS 55 T AR IX R, 5 B AL, T
N AR B ) ESG BUE (MR, 2024) o 7E AR KL
A ML A TR IIHESE T, S 7504 ESG WAL
PHUHE Z0 720 7 1A A 2 0 b Aol T RE S % R B A i
A, J2 5 0 40 Ml Al 5 9 R SR ) B R (R
45, 2023) . ESG {5 B3 88 vl AE ol Al i T
YR w, fe % 3 TH 4l 1% 3% 4 58 J1 A4 Mk AN (B
( Giannarakis et al., 2014; £ F}il %5, 2017; 7 2 OOF,
2019) . AHLEBTIEFNfE B VE, ESG 2900 SCHE ™
FERFEME R SCERIER, HZRRE e i o8 & 4%
A, T AR BT AR P R He AT LA A R
—EKFENAZE, G104 ESG Y H B, A 24—
A3 EL R BB AE () Y IRAR MERE A A St . L
1, Simon %Xt 4k 308 A~ AIF K AT H Y 12 4~
S TIPAL 546, 4R 2280 b3t 5 AT & 1
PR F 2247 51 ESG KU 9521 (Jowitt et al., 2020) .
P22 AT AR ML 4 R 2 T A PR A
R, ESG 443kl -+ KX 2 (Els, 2023) .

3 SCHERT P RUE BN ST I BT
[n] 5 X 3l 53 A

3.1 XBW FEEA EFE N, BRMFREEER
5IEEM
SRBRAT 7 R R W PR B 7 AR A R Y T
o AN AR PHA SR 7 B E T 1% ] 7
HETE B BN SRR EERR (K 2).
TEE AT, YRR FRA R A L S 7
Jrtke REIEZEBIEZR BT 2008 45—k 5| A

CORSHEERLRE” 7k, DA RS 0 i 55 1 R A A
Fay s B AL DAY 4 B AN 7 Y S, 2 R A E)
) vz Hi W A (National Research Council, 2008; F 4
S5F,2014,2019) . [ 2010 452, 35 EAREHS(U.S.
DoE, 2010, 2023 ) 25 Yk 2R H — £ [ DA Rz XU A
X RE V5 A B P PR AR B R I L B T RE R A
o SRR T PR, PR R A & 8 [A]
A FE N BT 7= AT AR AR . BB 2010 4R, R
4 B PR AT T 5 %8 QS I b RL T
T2 LA T THE S0 B R A AR A, X T Il iR A
DL Bff 4R A5 04 B 222 1 30 Bods 2 AR R T Ak,
ANV e B T A, RF 3G IR 5 (European
Commission, 2010, 2023) . J&[& R FIAH 5 80 &
T 2021 AFSHED P B, T 2023 AR AN ik E
17 TH A RIS . W ESG 7 a0 AL RS
TR, 2 ERIG EEE (WG . AJE K JRiEEL
(WDI) F1 35 5% G2 48 % (EPD) ¢ 47 JL AT - #4115 2]
ESG #8#5 (Josso et al., 2023) . % A BRIZ IR K
7 R R BT PR LR A2, 2R I A (2023) ZE AR AL
B T IR I ARG G R IX — 84, Ak A [ 500
T ] AT AT 7 B R O T 1 T E U R B, LA
B IE 2 BRIA TR AL

2R A ey SR 2 e R OGS AT FE S W
Sea Y, G40, e RS OGBS [ Hh 2tk AR AR
XFE AL AR, BRI et NP [ o7 B Nl AR
AR a3 8] S B A B 2 X A% G S B 2 B 1) B3
Bifi & X 2 58 09 EE LR S W 42 &, Greadel et
al.(2012) . Yan et al.(2021) 7 4 5 F P B S Al
LRI EREE S, T TR P R A 5 2 (] = 4,
IR AR R N T A A AT A S A e
BRI o B OCHEE RSN, H ASHT el Mk AR
LRI R EEERR A HORZ 2y L EHD
JoT R A Jm SE A ST R T OB MR B V4 . 2009
A, HABREIR ™ B AR ZE G I E LA (NEDO) 2k
M52 12 8 R RAE 3T o3 1%, o 8 s 22 pk e ™
( Hatayama and Tahara, 2015b; 5 5% 9§ A1 2= 7 ot
2017) . 2016 4F, FH EZR2=HORZE i 2 F HIiE
IE RS | 7 R R AT 2l A8 = AR bRiE AT L]
SRR B SRR B, X S e ] i R T P
A, T ERTE T 7" (Nassar et al., 2016) . 7EH 3
fithh £, 56 [ 5 30 A Jmy >R AR R v T XU, | i 3l
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Xif FEAMEKH . 2 BFMESS T = N EFRIE T 2018 4F
B SR 7= 3 PR 2021 AF X JBLE 7 R4 T T RO,
KA TR, FERSeEERe Sk, fma L
U AT O A R PP, X R R A R T A
BB AT 2P T VA, AR O AT LA TN B
A7 E P PEAS (Nassar and Fortier, 2021), 5 24 i€
T 2022 4 50 FhOCHER IE L
32 XEUTEENEREARAERN, LB K

N

KHER e F AR, 2 5 EWR TR A
B, LA B 2[R 2 Al AN I A T
TR, BAF . 40, B REE, s ER S
KT N2 P A PR R 2 VAR O, i 214
R NS Vi ESNEINUS S 1NN A= 0%
Wiz - A, AL T oS m A P R AE &
BRI A Cl AR AR, 2019) o AR, SCHEW ™
B AR BIRA, JEI T — RIHHAIA, A
Sy R b ) B R S LT R
#2 (Hou et al., 2015), 1 #5¢ B9 & 43 5 46 i 5
LCT(Li~Cs—Ta) BUA% i s SR80 L B 4 4.
He. B ICR (RAEICEE, 2017), Fobe iR A S IR A Bl
PEAE B 2 Al NYF(Nb—Y-F) AU & 5 ) & & 48 .
BH B R 5% 90K (Mccauley et al., 2014; Dostal
and Shellnutt, 2015; London, 2018; Siegel et al.,
2018) . BATUHZ K4 Se, Te, Re, Cd., T1 %:#fi
W4 JE A PGE., Co M it & MMM W & 4E. WA
A DL Ga, Ge WU H & AR 1 Mt & B E
£ BEYCE R B3 W AR 1, LR TR E R £ (R
ISR, 2024) .

if &, A EREET 32 R K BRI S A kK
U 5 DL ER T i 2K A A S AR S DAAE B A
FHUON L AR, TEAUOR R O £ BT AL
B2 RE RN MR B K AE R TR S R (AL,
2019) o b EAERG HAG S0 A )T R R YRR A
(Benson et al., 2017), {5 H fif b A KA & F) H
(RN, 2020) o # ~ B RVERAFEVLVY | 3 Fd 55 H
U FE AR 28 M, eleZs T T AL B AR S, B
TREW A, PR | SR M /N RE R, R
Hp ] SRR R Y SRR (AT, 2019) . B HAT
Gt piAKARL B RURIZE £ R = Fh SR AR S Bk
9T H 2 R 64%. 26% FT 10%( X1 &5 4,

2024) . A ERENHT E B AR UUEUA W )2 45 A
Cu—Co " I . 21+ Ni—Co " JK . ‘& ity
Cu—Ni—Co " IR, LA S RN K Ll i K G 2 4 @ i
PR A5 H At ) R 2R B, 43 331 o i B 1Y 41%. 36%.
15% F11 8%(USGS, 2017) o & %l ™ IR i R 4 LR
K, H A P AE R A2 8 (Cailteux et al., 20055
Selley et al., 2005) 5 J5 1] & /il ( Mcgowan et al.,
2003; El et al., 2009; Muchez et al., 2010) Z 4+, Bk T
EUCIR . PR US| BTV L2 AR Ak
FALY R TR IR, B A R S
A KRR %A, 2019) . Bl 75 3% H Ni-Cu—Co
B LT I A FE AL LA R 4T £ 7 Ni—Co B R 7 3
B AR BB (M4, 2013), 21+ A Ni—Co #7 R
HIEE AL TT 5 A Ni—Cu—Zn—Co ™ PR 613 B AW -1k,
(Putzolu et al., 2018; Teitler et al., 2019) . HA4b, ¥
SOAR RSB P & BT ST AR TR, X T B R
B BT KRBT 58 RN TT e B B2 A S (R A
85,2024) o MR VE IR L AL AL, T2k
Oy SERRAE, B A AR H A E O X AR A | O
T A RN fh AR B 4 Fb SR XA R
FEAAR JT Y | 5 R TR K R Il B SR B S
KR 2 AT AL, 7 28 AR R R K S T 2 7R
A1 SR LIRS R A o B ik €5, 2022) 3T
R, BEE B AT . SR A 55 DL R A R
Y1 U-Pb MAFH AR (1) & R, B3 ™ AL 5 X%
T AN IR b (B 305, 2023)
3.3 REXEREHRRE 5, B4 KB P-4

s
3.3.1 KA B

IR A4 5 & 1 O = W0, B s
4, PR BTN AL, A1 | BRI, SR OC D i
FERTA, JetH S A ST P A e RN O
E, BA kR SCHEA 7 7 Ml 4 R R B ) S8 R AL
P MK F] AR B B 2429x10% t( 4 BR S
2547%. HEA S 1 00) . BRAg i 1288%10% t( 48k
b 12.62%. HEA 5 2 47) | B i 5.39x10% t( 4Bk
di L 27.16%., HEA S 2 ) | At i 65%10% t( 4Bk
17 Lt 6.89%. HE£4 5 3 1) . HlfiE i 501x10* t( 4Bk
A7 b 12.39%. HEAZ S 3 A7) (v [ M o 18 5 )y 42 Bk
W= IR B 5 ey, 2024) o AR 77 AN e Bk4R
PRI 49% . T G AERE T R 12%. #i 4

http://geochina.cgs.gov.cn FE M1 5T, 2025, 52(2)


http://geochina.cgs.gov.cn

522

JE B oRAE: RRROCHED R NI SUR S B R S AR 471

i 2Bk Y 8% (TR 4L, 2023)

PRI R 32 B A BE VR LI, | 58 4% Al kAt 5%
Jite AN 4 AR B, b T S R R, R A ER
T SRS, VTSR, R
HCEED =17k, Sefe th & THRE— R
TR R R B R G S FE i, HAR PR IE B2 A AR
BET R N ZS, o TR 2023 AF 7 BE R R < G
B, SuRe, 5€E . BE AE, EEEL
ARk E G R e BTz R SR A A,
WA ZHEHNAEFE . WA AR A ST
P, X RBREFE AW EW S| 7, 7 & g I B
K, FEAERSCAHET PN A A G — IR (R E A
4 @R, 2024) .
332 mE Kk

IR S 7= BRI Fh 5 4, i i
oy LGSR 7 7 M B R R A )Ry . R
Pefi it 149x10* t( 4Bk (5 b 7.13%. HEAEE 2 00) .
BEfif R 0.84x10* t(£BR &7 HE 4.23% ., HEZ S 4 17) |
B 4.7%10% ((2BR (T L 11.91%. HEA S 4 67) .
BRI 294 t(4ER & 7.28%. HER SRS 5 7)) | FATE
G EbEE 163 t(2BR G 0.21%. HEZ A 5 060) . 4
il 23x10* t(4BR 5 1 2.44%. HERSE 7 00) | P f%
i 399x10* t(42BR (5 1 4.19% ., HEA 55 8 1) . Btk
17 535%10% t( 2Bk 5 F 5.25%. HEZ S 8 fi1) (P [E
i A R AT ER BT IR S B AT R, 2024) .
TR T S T6 BREE 5, 43R ML 45k 2y 45% I
N2 AR &K BT, ST {E 2035 %] 5000 4312 n
JG, W HA RTINS R G 7 T e iz 7™ il
EPREAE

AT AR i K UG Bl v S BT P AT, R K
s Ak A SC T IR N B R A B, XTI 5 T R
B T R R SR KR S e, IR s T
AT G T SRR X AN A A R A
PRI e Z2 R UK 407 HLAS A N A A A,
DIRIBOCEED 7™ K R Ir s s 4 iS5 HoR. T
SRR AE 2023 4F £ K R b R 25 3 ] &
A3, KT 3.6 A2 N IT F T HE S ™ 7= 40 4k 11
AHICHESY . TF & S 3 J 55 T AR (A (%8N, 2023) .
TN KA BERT B 5 3] 25 4F By I [A] Sk T & 90, A
I 30 42 & TC O 7 B 1 — 43, IR OE
FER A TR Y, RS Yt XA VE RS
iX— H#n»(Goldman Sachs, 2023)

333 £ M

A S — A Hh DX (BT AR AE | B R 2 S AN ) —
FE] B4 [X 38 ) 6 0 i /K AR T 5, R BRI
FIAR IR, PEGeiT, X PN E TR R SRR )
19 />, AT H 1.62x10* km?, #5 K 25 M50 H .
Hrp gl Fi 2V 5 0 2 £ (Salar de Uyuni) . % 1] Bi]
B R 3 ER 1 (Salar de Atacama) 1B 2 42 55 7 5 2
Y R¥EER W (Salar de Hombre Muerto ) 3 A tH 5L 483
RASER W < K B R o AR 4 [ b o ) A R
2024 4B G ([ T A S 4 R 7= B U
i W AFF 5T 0, 2024), H AT, 4 BRAR & 9 UR B
56345x10% t( A iR £ Y &, T [W), Hor BT AR 42
12634x10* (423K 5 1t 22.42% ., HEA 55 1 40) . 3 A)
HEF 9643x10* t(4BR A7tk 17.11%. HEA S 2 47) .
FF] 6489x10* t( 4= BR 4 Eb 11.52%, HEZ 2 4 60) .
BRALA A1, 12 DX | 0 R S5 AR = B R AR
Fw . BRI R 20995%10* t(4 3K 5 1L 25.90%.
HEZ S 100 ; BRI 4E 7 Bh g it 31x10% e(2Bk 5 1
14.04%. HEA S 2 1) | B 342x10% t( 3K 7 Lb
8.47%. HEA S 4 1) . B 1.5%10% (3K L
3.83%. HEA4 5 5 A7) (v [ b A A Jmy 4 Bk
TSR 5E s, 2024) ¢

B S — A b AR S BRER W 7= b H b L 52 i)
1, BRAT BT IR A ARk Y T 50%, H AEREE T
J B R = M X R AP AR AE . BATAR
HE | BRI AR AR A = E AR 2011 AR P S 2
[ = L e e E A 1 N O 7o MO (E N s it
FE L W BOR & Bs SR AR AR, 4
PEVGRIBARIE AL BRI B . w95 “ B =" A 2 0H
T IEAT 3 R T, D R R A G R R )
B BTARGEXTAMNGE BUR R hy Sa ki, BRGEIRTT A X5
Hhgt RS, EE L REL O mER. fir 22 WAHW
TRE L HAS, e E A E A R R M X B TR
B, BTARAE O A AR IBOH AR AR AR
TR 55 7= it 2.5%~5% FE 1 H 11 IR BLBOR (9 5L
545, 2024) o BEAILET T 2014 4F 5 A 20 H A
55 535 S4B TR ik —(535 50
W 5iR4 ), ¥ 1997 48 3 A 17 HE 1777 564
B AT T R I R, AR e T R R
XPA MY GE IR A A o A Kol gk ) [ R =
AL SIS 1 5 AR AT 7 i R A B A R
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PRI o £5 BRI, B SEUNTE ARG R {1t
o7 R ELAT SRR, SR AN BB S —
3.4 KEMX A EAFER HR, & EFIRCMN A E

BN ARRN
341 %%

KA LAK, v S0 b Xt 4 RV 17k R YR A A G
7200 R R A — 3R, R R G BRI A A
LI, AR A GBI e XA
B R AR SR S S L, B SR A, U A%
PRSI, SCHEST ™ SHIRBON F 5 o g e T
AR DRR, BURST I —R &R A& E—5&
B FHRE R IER LA R E A E M L&
B34 L R LA R R 2K B XA 5 A
B, HE EHARSCHE )™ (ESCINAE, 2019) (1B D)o
W FE 5 AR W A S SRR )™ it e 22 S AR, HA 42 Bk

38.6% HIARA ik 30.07% BT ik . 8.7% Y%k
W, 5.3% HIEAE G 5.3% R g E . BT
A XS SR R Tz I SRR IR R . I
P 5% 5 30T R e M X O R 7 R o Y
K, Bty 22 FhOCHE 7 A 16 FPUEAT K4 T
W7o 2500 v B aE = v W b X OGRS AR R
[, 353 Se A A, 2R Wi B R, BA
TR 1 (Vakulehuk and Overland, 2021)
2023 4F 9 H, W% v i B A FE R RIS AE 1) 4
& R VRE I 2R, TF WA A + 480 RV 1%
E—ERREAES . W e IR A & )E . W
+ BHACE Y TR oy R R T, C A&
30 SRR . AE 2023 4 6 H 28T UM BRI LIS IR
I, WA % 5 #H Creada 2 ] A7 ] HMS Bergbau
NFURBL G FIT & — A &m0 H sl — 2 F

; L . 0

.‘ A‘"
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2@, T e km

© 7 1-REE
@ %iCo ® iBi
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Fig.1 Distribution of major critical minerals in Central Asia and neighboring regions (modified from Li Wenyuan et al., 2019; Hong
et al., 2024)
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TEWS = SO I AR IR . FFR AN T2 2 A 4
B Ao ZIW RIS 2123650, Ak, MR
HrHAIRK Y T 2022 4F 11 A% T EM R, B
AT P A 8 TR T B R Ak ARk 56 R P (i Ak A,
2024) . 2024 4F 4 F, BRA 5 525 50 5 20 25 8
fif 5 TSR, T B OCHE AR RIS AR AR R . itk fE
K Z WM T T AR AT Rr S (B8 7 T T R B4,
DLARE i (AL % B, DA% | G R A Sk
MR E AL . U7 3RoR, Bk — 2D R A E OB
MRS A A, IF e AT AT AT B BE L A . TR
BF, XU 4 Ry DGR A 7 A G T H 25 4E B 4, B )
FEREA 7= I & () SR 38, 4 B VT i S dk
WSS FIE R AHTSE TAE(EEAS, 2024) .
3.4.2 B

I ) B 7™ B2 R AR T AN 5, (0 S
77 ) F) R — B E AE AR (CE AL,
2019) . MHELFIEE . B A A e 4 32 2 Tolk [ 48
HIA JR SR 7= F I B, BRI Ik 5 ek
W P= L% A ME S5 PE AR I, 3l J L 4F e —
— A EJE R R TR R . AR, A A
PR SRR 7= (DL B M T FE AN R, T 4R T A G
B 777l A J& (Vineent, 2022) o e B B 2022 4E
RATHE o (O DGR 7= R m ), B AR gy o 5L
PE | T 22 4 (1) SRR 7 3 Ry e . — S A Y P
B = IR, IR BRI A&, i R K
L il S SRR 7 i ISR R 45 T4, AR
S5 INTJ7 TE R RE T, 0 E DS 6
22U, PRI N OCEE AT N s TR I ) Rl
WRGH N2 3 56 &, sk E bR &4E, #EE R0 4)
FER A, $E TR AN AR = IR s v, — R4 R
briii &, 6 ekl i b rh Bk & 5 32 e, 3R
T+ ESG Sk, 4 = 4 BR 1 37 1 is VR R A& W B2,
Bl BIPRS00, SCRME SO Bk s k™
SR Z#(GOV. UK, 2023)

2024 4% 5 H, KRB R = AN Z 3 IR | %
] A= KA H FTFE A & €K 2847 1Y EIT Jb Ak 0
2 b, HEH VAR 25 [CRROGHY S P A 3 4, LU
TG R 4 T RN o X BB BE A oA | R AN 1
TGRS CHR I DR SR R i TR R S5 H 4t
P Hop, fEEN e HR e A I & R R
10 AZBKTT, %344 Fh B R8T KFW A3

] BSR4 ) 2 R QS ™ A 4R 1 5 AZRROT, [RIRT
ZIE FAE Al Rovia Capital Partners 18 3% 18 1< A
SR 4E 15 4RI B RFIBUN B #Esr 10 12
R T Y S A 7= 35 4, PR AR [ SR 7= B Rt iy
BERRE , [A]  IK FA N 48 0 3 A FEBE4E 1012
KKTT
3.5 FRANEESERIE, HEBRXET =4

EFERME T TR

B 7 A 0 B A R AR Ak AT AR IR AR Sk
BB 1L 0 T s S R R BT, TRk A
BAEFEROR R O IE AU R BO 2k 0B
AR AB1#r (Goldman Sachs, 2023) . i, BifE 4o i 42
PR AN, ISR B T — e R R
KIS UEMEARAR | AR YRR | bR T R,
REE, M sh T S IR M IT &, R R
W& ) (x5 BRI B R, 2024) o 1 R 4R X
(DLE) /& —Ff 1E 78 ARSI 0 A B A, xR
AR KA FR B IR [1], B AT A, B e, — 4k
T H HATIEFE R b o SR B AR A4 R B AR
TR B T Y E R, AR 2 5700 25T
Jty AAAT LACGEARE R, 1 EL AT DA 3 4 b Fn 7K 9 5
i FH B9 W] 25227 (Goldman Sachs, 2023) . X4 J5 b+
R A R 22 i O s e L R P S 4R AL T AT fg
Mo ST N BLIEAE T & FER B A A R R0 R
T ICERH R B S B R (Li et al., 2021; Ma et al.,
2023; Wang et al., 2024), D4 K it A4 v 19 TG A
PR 20 i b 25 5 R (Wang et al., 2023) . [aicd R
R SR AL TR A R A, A B T AR
Yy T RS RN, % i O B R RE T 3K (ALl et al.,
2017; Fishman and Graedel, 2019) , J5EH 7= A4k
FIFH 2 BT M 2 B EE . A KR
R . N, e BRE  BRAEILEL 4 R A A
Bt T 4 JE 1 [RDOR T3R8 R o HAZ D AR R
BRI 4 A TR FH R AR . Be Ak, o 2R
WAFAE X I 25 5, BRUA 24 50% FY LRl 4 Ja 7T 3 i 7
A= R FBE R i SR A DX 3 — EE AR 18%
(4}, 2022)
3.6 £KKEBYH TSZL, EMEENEET =FIR

ERFE S

T B4R, B DG HRAT T SR A AN T DA e i
BRI A R IEFE, MR BB R R T ],
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AR oA G TR, SE R R th R PEBE
& o | fEEMH ARSI 2 ERCSIRTIZH
SHERIESY, It M HbERPIBE | HuERfLA A2
IrEFRFEE WIS IR, #E 20224 12 H, B
Frif G B R (ISA) B [l A SEFIFAE SR Al A &
T 31 i I 7 B IR IR G W] (Vysetti, 2023) o
TR 2 O K e, o & R R A s ™,
WER A% IR UIRERAL Y . R 257 . & &+
JG 2 19 ¥ AH U 2K F I AH 85 9 (Hein et al., 2013;
Balaram, 2019; Heffernan, 2019) . H.Av, E4545720
SHERTT & AR AN WA 1E, 4% B S AE IO TSR IR
B TR GRUZ %4, 2019), ik 2 H AT, ©5¢
E A HARAL S, W1 T 8 A4 5 T IR T & Al
CEE RN TAE, I8 T & 84 7e TR RS T
FVT . 1 RAE T RE IR DL & A g 5o n] deia b
W TAE(EHESE, 2019) 6
4 REREH
41 KB HEERERPPHERRTER, EiR

TGk

IKCA 130 24> [ F L X 57 i E 4
OB P T H AR, fEX — HARIR SN T, 2EkEE
JR RS ST AL . (AR T EE 2 Tehk b & e 2 K34
Jv o (X5, 20215 JF SCIR AF, 2023; 5K BT 4%,
2023). ABUREREOELRL, SCHED 7= 51T, B 2Bk
A REIREL AR T K ) & KR . KB AEY
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TsL/e 37T
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o014 0.19  0.08 0.36
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R BEREAFIE TR RE IR B, (R AR | B2 . AR 5 O¢
S LSRR, Tk AR A UK. &lRE
VSR —Fh BB R AR Y PR & 8, S B0 L 5 AN
W4 T 1) 5 SR AR (CEARAE, 2021) . Bl 42
BREEVRFE B m PN, SCHED 7 2 R TR 4%
o i R R E A, A IR e (I N A S il
RELER R A RILEEF T (IEA, 2024) .

42 KRBUFEHAT FEIERFLS, 1§59
—RERT WS

2022 4, EERCHET PRI IR I K 20%, H
e R BB R AR B U 43 ) B K 88%. 46%,
A S R B 9% TR 400 K 21% A 2% (AT AF,
2024) . 2023 4, EREL, B BRAESCHED ) AT
BAFFEET, Horp, - A A 8.30 /4357T
(A 3K 77%), b R BBEA R 7%, B
KT & R R 56 = R AR S A 0 Fh; B0 2
AR 732423670, B IR 19%; &5 2 8 A
H 07410370, REEREH K (REPSE, 2024)
(F2), HFS5TRaTsAHL, iy =mH
it A B, L B ET 1L & A IGEE AT K
(AR 2R o T 1 B 0Bl D™ 7= B U 40 A L A e il =
SRR T OB 7 ) R B)) (Kapil et al., 2023) .
A 1S AFH L Al L BRI A 4 BB R AN
{8 1.7 JT42 04 % (Desai, 2021) . HABBFFE A
A = Ir s B B R 1000 /23€5T (3] 2030 4F)
(James, 2021), £ A4E 7 Frfg #& 5 Wity 210 12385
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Fig.2 Global investment budgets for copper, lithium, cobalt and nickel over the last decade (data from Standard & Poor's, 2024)
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(5] 2025 4F) o CHED 7= B 0T BB O FAR R —
B E IR E S |, WY N R R bR
PERHIE
4.3 FEBEY FERGHEIEK, @FETIM M

S E KRR RIKIT

B2 BT A = b g e, Bk Tl ik &
PR IE A AR (R AR, 2024) o LAHTREIR L Bt
BhL T —F B AR R ke A il A R
BT RS R oy A MU AR
fit B 07 FH S P L SR S R R A E ), (i G m 7
B E PR A I F DAY B A . 2016 4ELK, 42
BRIk gk SRR SRR T T e
R, AL, A A SRR IR Sk IR A G Y
AR =B 200 (IR T HT4F, 2022) . SRS
TR 7= B FNHE I U X b, B R AR
A B I /NS 7 G ) A FH i R AS W 39 5
TR, A BN E T A S KR
FEo 2023 4, R DT TR SRR S K, A
ToRIER T 30%, MiXHEE . &, A S8 TR M
ToRBHER T 8%~15%. &I BEIR N FHEL Bk 251
KD TR R K A R IR SN Sy . LSRG
TN S Al 4 T A B A, FF R ARSI
THARER | B AA BTSRRI (IEA, 2024) . 1R
P TEA T, 75 SRR HE RS o, B H sl iR %
1R X i i HL b 3 S IR i, 21 2040 4R, BT
SRR 50%, MiER ., 4 AT 1 o0 2 T ROk Bl —
e, A BT R IGI DUAE . AE T SCEED 7, A
TR K e g, B 2040 4F 8 59 K A% (TEA,
2024) . MBURT R | GEUR A& BT HURL N
AT, “/NET A BB KRR
4.4 B AR BFERAXBY FHEARNEE

—In

SRR A 7 [T IR i KRR b AE K SR Y
T8 %) A= A TR 9, a0 5 SR ARCHS RN 9 R 9%, £ i
AT HESE K JR (R T4, 2024) o BEE CHER ™
HETE T IE 2 1, & RGN 255 Y iiat & 3840, 17
W AT T 2B 25 32 0, MR & e . £
VE R At 20 B T B A T RE IR 42 8 2 —, el A
WF o0 HA 32 S CE AT 45, 20215 B )1 45,
2024) o P IHA S H it ) [T R BR T BL RG99
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2019) . HEAhF, 2] 2040 4, B R 3h 7545
BT SR 50% LA b RS 5 5K 19 92% 1T >k [ 11k
(Goldman Sachs, 2023) .
5 4 ik
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SRk £, (H 28 ST B () Ok 8 v AR HL 3R
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BIIRAE o KR M 4 8 A XU 42 R I 75 SR AT
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