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Abstract: Under the global energy transformation and geopolitical pattern reconstruction, supply of critical minerals is
emerging as a risk. This paper, viewing from perspective of whole industrial chain, establishes a framework composed
of upstream ( exploration & mining) , middle stream ( processing and transportation) , and downstream ( manufacturing
and application) , and recycling ( renewable use), and determines the contents of supply chain of critical minerals.
Based on the global references, five categories of risks have been identified as resources, markets, technologies,
geopolitics and society. This paper studies the evolutionary path of risk evaluation of minerals supply, including static
comprehensive method, multiple principles decision, dynamic and network and machine learning, with their model
construction and applied ranges compared. This paper provides references for risks evaluation and policies of critical

minerals supply from theoretical basis, factors and evaluation.
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Table 1  Key factors influencing mineral resource supply risk
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Table 2 Comparison of methods for evaluating mineral resource supply risk
T2 R AFE R Jr PR ST 1375

M LA (WA JETEERRRE  BIEISSHEINT. S8E0R JRkzmn pAefl, M BEREITN . ERE F
%, AHP, TOPSIS) LB BT fit, SRBEARETIE e HUk [ PR 7 22 4 o) LA
2N R B (I ZEEBIES YRR K B R WAL, A5 R BB KR M SRR R SR RO
MCDA. SMAA) FOAH E Tk Ffi B, $EPRECE AL
A ML (o R FERS R REZImXRS AR, & BdRSSEENRE . KR U 6 B S 85 R OO
ARIMA, RGEF 1%, wiMERRERE TS SIS S5MeT MR A gi Hefi A S P B A
W%, LCA, MFA)  RisidLl
BLg 2 ik (Ol JETHERMEM S5 RS E M S M 4Ed)  XIRURSUE SREAMBUR G T R, iR i
MRRIZE, SVM, IREE S, SEBUARZMEIR AEdE, BINTEREMR i, MRTEAR ST O Ak
22)) 5 B 25 T R AEGUN

SRR WU 1 DR G e AR AR e, SIS
T ARG LS 2R R

B ez P SRR DRy Sithiibur o VWY RS
O 114 1 3 i R o A AR G D 3 VL RE ) R A
Rito A JE S0 A R i 0 MR B 85 24 TR B
TEHRMATEAEHEDL, AT R RS E S REHITLR
B XLETFIEILEI R T KU T S8 A6 I ] R 45
LR E AT IR o

BLAR 27 2T FEAR LA B 22 A 0 T e e TR e 1
J1, ORI KT R T, EREME AR
Wl R XS A B Sl B, X3k
IR AR B = B, B A RS2 U 2R
FAES M o BT, e 2 WA R R AIL i ) Bk
i E AN o M 3 e rp, LR o T 0 A A B R
FRPE

T J SRS A N 2 T AN [R] 3 47 5 9 1 Rl
Mo il 85w SR 3h 305 15 HLAR o T 4L
A, iR Z IR P A RLE VI B, W
LA T B 5 35 1) SR R A ™ AR 1 XLt ) B AR
X FPLRE S PRI T AR REAS o AH S B il 2 $ AL T g
TRE SR

4 WTREE

R, SCEAT N XU T 5 B A BB HE R
TEVR AR R 5T RR R T UG BRI, (HAE RIS
TRAL . Tk B S B S T AN AFE A o R
8IS RTAEL JLAN D7 Tt — 24

1) fEMGEJR, WABRITHRI ., HORHH B
SFRREREMEEN, NZARRG S S EUR LT

SRR JOWER, AT LB R XU 7 4% )2 T Z 8] () A% 38
D7 A SGE MBI o 3K AP A B T 5 R 2 b i
A BRUL RV FEAS B AETE I 55 5o

2) TEWFEE ik b, BUAE RER 443 IH R
A FEPREERASAA, AT ST B T S A 2
JZMZE BT LR, DL b i R R . i
il 328 2 (BT 2% A B B 2 1) 1 RS A% 32 R AH BLAE
AR RGBS . IR AT Ko D1 - Do) 48 S R
HERKZH, MR BT BRI B, A E)
BUERR, RV =T SR % SR/ ReH
B, B A AR 5 R B B T K

3) HEECRSEARSS A7, 5 E AR R OR R
B 5 BRI -5 P bR oy T s HO A R, R
(122 5 BN LN 2 A I e B R, S et
el AL E O XS L, & = AT E bR A EPLH /G
FEGE AR GEIRAR P 32 SOF 8 s At 5 i B0 M, [l isp 45
SR BUR St BRI SR Z R ER B O &R, fFBIIX
Yeglh | FRETE A RN TR RESFHAR, v Xt =
BT SRS AR Y 4t RS Sl A W
5 R4

AR SC N A7 A A [ JE O B 7 AR iz RS 1)
FEM RGO, RS T AR B [l A
HE 4 NFRTT, XREE TR, W, R, s
DA KAt 25 5 8RS B R U8 DL S AL SHLBE, SCHEw =
A AU J 7 B ik 1) 22 00 S AR L, ASMEAZ B
TR 52T AR, 2B AR A4
F o BRI RE DL Sort 2 PR 5 A 2 Bl R By 3L [

SN o



20 TR L L

2026 4

MITERRAIE, RTINS 25
AN FEI, eI ZHEN P S R G
W51 Lok, AFRIPETERE TR . R E D)
FePE LS RERE T RISR B A A AL, R0
S BRSPS IORTTE, A AT SR A T AL O XU
W R GENES shas et

ASCR AP E 2R HESE, BT
SKAER™ 7L XU TS 1) R Bk, L %
ARG R T EISSERE . ARSI AT LAt — 240
Jeits RO A ARSI A 20 A, e T 7 30 28 P 5 7
P ERG BT TR ASZ I, D39 5 B OGS 7 {1t B
AR ESR BESCTEAR A 5 PSR T 5

S ik

Gk, FAdR, 2022, BB T AR 4 7 4k T i Ao B AT B
[J]. %k E =, 24(1): 8-14. (AN H Z, LI H J, 2022. Theory
and research advances in whole industrial chain of strategic mineral
resources| J | . Resources & Industries, 24(1) ; 8-14. )

EXA, B, RBF, F, 2022. REFT G R K5 HRARA T
RBABE[I]. 7R H A, 42(7): 1-6. (AN W J, YAO
W X, WU S J, etal., 2022. Study on low-cost mining technology of
ore body in west No. 2 mining area of Longshou mine[ J]. Mining
Research and Development,42(7) : 1-6. ]

HAE, 2025, RugAEH = R RIFLAN AR GRS EAT]. v ES
b, 34(2): 4-19, 1. [CHEN C X, 2025. Progress and prospects in
the development and utilization of strategic mineral resources [ ]J].
China Mining Magazine ,34(2) : 4-19,1. ]

RRAR, RAK, BIESL, &, 2022, Kkt A A A AR EN
FARARESZ[T]. F BRRF FR (A FR), 22
(4):3849. [CHENG J H, ZHU Y G, XU D Y, et al., 2022.
Research status and prospect of strategic critical minerals availability
evaluation methods[ J]. Journal of China University of Geosciences
(Social Sciences Edition) ,22(4) : 3849. ]

A, WhSE, REE, F, 2023, R4EH 8 KRS TR 2
ARRAFI]. FRASF, 45(9): 1778-1788. [CHENG J H,
SHUAI J, ZHAO Y ], et al., 2023. Risk assessment and prediction
of critical mineral resources supply for China: A case of copper [ J].
Resources Science,45(9) : 1778-1788. ]

RS, BISUR, AR, 4, 2025, % B H AL R X AEA TR AR
EEME L R A2 A VRABI[)]. TR RFFR
(B&AFH), 59(4): 611-623. (CHENG J H, ZHOU W X,
SHEN P C, et al., 2025. Evaluation and early-warning of critical
mineral resource supply security for China’s new energy sector: Cases
of copper, lithium, cobalt, and nickel[ J]. Journal of Central China
Normal University ( Natural Sciences) ,59(4) : 611-623. ]

FHAR, B, R, F, 2025, XEEF T FRBE SR Rt
B[] BERZ53F#(6): 90-108. (DOU S Q, XU D Y,

CHENG J H, et al., 2025. The resource politics of critical minerals
Origins, evolution and impacts [ J ]. International Economic Review
(6) : 90-108. )

HAE, W2k, RiE, F, 2025 AELRLEREELFT R T PR
g R RBFOREAMR[I]. PEF AL, 34(2): 5769,
1.[DULP, LIULT, DAIT, et al., 2025. Evolution of China-EU
strategic mineral resource policies amid climate and geopolitical
changes|[ J ]. China Mining Magazine, 34(2) ; 57-69,1. )

FoakAl, I, R, 2020, FF AL R R KA BB B R4
[J]. #mA3, 42(8): 1477-1488. [HUANG J B, SUN F, SONG
Y, 2020. Supply risk assessment of critical metals in clean energy
technology[ J ]. Resources Science,42(8) : 1477-1488. ]

2T, WA, XFRH, 2024 K& F KR L AEN T EFR
47 [1]. B Ak, 33(S1): 1620. (LANZ Y, XIEG L, LIU Z
Q, 2024. Analysis of safety assessment and supply risk of strategic
mineral resources| J]. China Mining Magazine 33 (S1) ; 1620. )

FaK, FRY, REM, F, 2023 PERGHEXES SR REL
[J]. ¥k %3k, 44(2): 261270. (LI ] W, LIT J, JIA H X, et
al., 2023. Determination of China’s strategic and critical minerals list
[J]. Acta Geoscientica Sinica, 44(2) : 261-270. )

FUTE, A Ade, 2023 ARFFRBER P RET FORBEFER
PEE[)]. S RERAS T LFA(4): 127-141, 164-165.
(LIX L, LIU Q R, 2023. Great power games of critical minerals in
the global clean energy transition and China’s response[ J]. Issues of
Contemporary World Socialism(4) ; 127-141, 164-165. )

X3l 2024, X4 K RAE R4 AP RALI]. PR
dk, 33(S1): 2124, 35. (LIU J S, 2024. Study on countermeasures
for ensuring the security of the supply chain of key mineral resources
[J]. China Mining Magazine, 33(S1) ; 21-24,35. )

A&, 2024, F B A A K BEE F 4B R EAN S TREH R
[D]. 7M. ;7 &sMEST K. (LIU Y Y, 2024. Risk evaluation
and early warning study on the supply of key mineral for China’s chip
industry [ D ]. Guangzhou: Guangdong University of Foreign
Studies. ]

2R, MFRE, WAEE, F,2019. x4t5 5 BiRs a5 SE[]].
FRHIR, 38(4) : 689-698. (MAO J W, YANG Z X, XIE G Q, et
al., 2019. Critical minerals: International trends and thinking[ J].
Mineral Deposits, 38(4) : 689-698. )

LRF, RWME, R, 2024a. 3% 8008 K3t B Btk 57 = 5
R EeHa MR R RA[T]. FRAF, 46(11):
2108-2123. [MA T Y, ZHAO P J, ZHANG M Z, 2024. A review of
research on the geopolitical risks and security of China’s critical
mineral supply[ J]. Resources Science, 46(11) ;: 2108-2123. )

LRF, RME, 2024b. HBHEZBERES PR FTRE4: %m5
B[ J]. B RE L, 43(6): 1623. (MATY, ZHAOPJ,
2024. Geopolitical risks in global shipping and China’s resource
security: Influences and Countermeasure [ J]. Areal Research and
Development, 43(6) : 16-23. )

REZ, R, R, F, 2022. K TIAAUE TOPSIS A2 A ¥ 4k 3
RAE R G 2 [T]. RS & Ak, 24(1): 26-36. (QU J Z,



% 3

R B, LA A T RS = RS R EF 0 E BN T kg 21

ZHANG Y S, ZHANG Y, et al., 2022. Supply security of China’s
titanium resource based on entropy TOPSIS model [ J ]. Resources &
Industries, 24 (1) ; 26-36. )

B, INEE, IR, 5, 2024, Bk RAEE T ARG F G
WEEHERB RGN [T]. FERR, 46(12): 58-67.
(SHENG Y J, SUN X L, JI Q, et al., 2024. Global rivalries over
strategic critical minerals: geopolitical competition and China’s
strategic hedging approaches [ J ]. Energy of China, 46 (12):
58-67. )

ik, REF, RAE, 2023 HARB T SR EEH S48 Y ey R E
FRG A AP [J]. e P IR R F FaR (AR FIR), 57(1):
13-23. [SUN H, MENG Z H, CHENG J H, 2023. Empirical study
on the impact of technological progress on the supply of key minerals ;
Taking nickel as a case [ J]. Journal of Central China Normal
University ( Natural Sciences) , 57(1): 13-23. )

ik, REE, RAeHE, 5, 2025, R GIAT R KA R T A Y
HEY G AN AETRAG[T]. PéhRXFPRELH
), 31(4); 113-127. (SUN H, CHEN L, CHENG J H, et al.,
2025. Simulation of dynamic impact of technological innovation on the
sustainable supply of key minerals; A case study of lithium [ J].
Journal of Central South University ( Social Science), 31 (4):
113-127. )

Brhdp, EAME, RABR, &, 2025 AR —H AR FE N
A AR PEEF[]]. PEF L, 34(5): 18. [TANG J R,
WANG C H, ZHANG F L, et al., 2025. Global competition for
critical minerals: Motivation, new trends and China’s response [ J].
China Mining Magazine, 34(5) ;: 1-8. )

Eg3k, %8S, 202 YRR ERS SRRGREZ[I]. TR
AT, 35(3): 338-344. (WANG A J, GAO X R, 2020.
China’s energy and important mineral resources demand perspective
[J]. Bulletin of Chinese Academy of Sciences, 35(3) : 338-344. )

I, RgF, MNEE, F, 2024, P ERGBXEST FHETFL
#REEH R e [J]. AHFR, 42(5): 725, [WANG
D H, DAL H Z, LIU S B, et al., 2024. Progress in strategic critical
minerals exploration and production and proposals for a new round of
prospecting in China[ J]. Science & Technology Review, 42 (5):
725.)

EME, 29, AW, 2023, AT LI BLATG 5 T REAFR
ik [J]. KBRAF, 45(4): 683-693. [WANG J J, WANG F,
LIU L, 2023. A review of mineral resource security research based on
bibliometric analysis[ J]. Resources Science, 45(4) ; 683-693. )

ERY, TE, RE, 2023 e RHEAFF T XS L P RS
Fa4[]]. B2 #(6): 147-176, 8. [WANG Y Z, WAN
J, CHEN Z, 2023. Geopolitical game and China’s supply security in
critical minerals amid energy restructuring [ J ]. International
Economic Review(6) ; 147-176,8. )

R A, B, RAeS, 2020, Bk X GG RS R AR 4
whEEP[]]. FRASE, 42(8): 1439-1451. (WU Q S, ZHOU
N, CHENG J H, 2020. A review and prospects of the supply security

of strategic key minerals [ J ]. Resources Science, 42 ( 8):

1439-1451. )

R, AR, R, F, 2023, AT b skse ST Sk AR
FEAE[]]. P o R FFRERSFFR), 29(3): 102-112.
(WU Q S, ZHOU N, CHENG J H, et al, 2023. Evolution of
lithium trade patterns in the entire supply chain for lithium products
and the status of China[ J]. Journal of Central South University
(Social Science) , 29(3) ; 102-112. )

HAES, KAk, 2020, s RFBA LR Y XEF S FRELSDRE R
#[J]. KRS Z, 22(4): 1-11. (XU D Y, ZHU Y G, 2020.
Review and outlook of key minerals security during energy
transformation[ J]. Resources & Industries, 22(4) ; 1-11.)

PR, ¥, PR, F,2016. AT PSREAGKBELY KR
G [1]. F A& Ak, 25(1): 4349. [YAN X, CHEN L F,
YAN L, et al., 2016. Evaluation of major mineral resources’ security
in China based on PSR mode[ J]. China Mining Magazine, 25(1) :
4349.)

BAHE, BRE, JEY, F, 2024, B BOE 5 Ws KR b E
M ARRAELT F AR AR FEAD - KR RS,
34(5): 19-33. ([YANG D H, GAO F P, LIU S Y, et al., 2024.
Geopolitics and critical resource industrial chain restructuring: A
study of rare earth minerals and materials [ J ]. China Population,
Resources and Environment, 34(5) : 19-33. )

MR, 2025, ekt X bk a F AR R AR TS T EEAS[]]. &
F WM (3) : 14-30. [YANG D H, 2025. Evolution of global supply
and demand pattern of strategic key minerals and China’s response
[J]. Economic Review Journal (3): 14-30. )

TER, 2025 REZHHFRFTTE2RELEX ZGRREBEL Y0
[J]. K-Fi#f53, 33(5): 6174, (YU H Y, 2025. In the belly of
power competition; Progress and implications of the U. S. -Australia
lithium parternership[ J]. Pacific Journal, 33(5) ; 61-74. )

&k, AR, Pk, 2023. A F PSR AU KB R H = KR
Nl RS &2, 15(3): 13-17, 31. [ZHAM L,
WANG Y Y, LU R C, 2023. Safety evaluation of fluorite mineral
resources in China based on PSR model [ J]. Energy Research and
Management, 15(3) ; 13-17,31. )

TR, WAL, 2025. £ E e KAEE S BCR ALY R[] BIFiE
¥, 27(3) : 20-37, 155-156. [ZHANG J, TAN Q F, 2025. U. S.
policy toward African critical minerals and its implications [ J].
International Forum, 27(3) ; 20-37,155-156. )

RICE, G, R#E, F, 2025, WL 805 R T4E KR T 5 R %
ke KT E LM Femiaw @[ J]. FRAS, 47
(7): 1517-1532. [ZHANG Y J, BAI'W B, SONG Y, et al., 2025.
Impact of geopolitical risks on resilience of lithium resource trade
network ; Based on complex network and panel regression analysis
[J]. Resources Science, 47(7); 1517-1532. )

T, B, kR, S, 2024, F U MALA T AT ERRT
BRAF R R[], KRRASE, 46(4): 671686. (ZHANG Y Q,
LIH J, AN H Z, et al., 2024. Progress and frontiers of critical
mineral resource availability research based on the perspective of

industrial chain[ J]. Resources Science, 46(4): 671-686. ]



22 TR L L

2026 4

SRAEE, 2023. R BT HAE A REAB AR EARL[D]. K.
F k3. (ZHANG Z T, 2023. Study on international trade pattern
evolution and influence factors of lithium [ D ]. Changsha; Central
South University. )

RATIR, FAE, 2025. G RABEH = a9 xPsb R BN Es B[], X
F# 5, 33(1): 54-68. [ZHAO X S, YUAN Z, 2025. Canada’s
international ~ strategy on critical minerals; Performance and
motivations[ J ] . Pacific Journal, 33 (1) : 54-68. ]

ST, WL, MEL, ¥, 2024, P EBEBEZFRLTAERT
[J]. &##F%, 32(2): 117-126. (ZHENG M G, LIU L Z, TAO S
M, et al., 2024. Economic security warning of lithium carbonate in
China[ J]. Journal of Salt Lake Research, 32(2) . 117-126. )

RAwera, AT, FEFE, 5, 2025, Wkt X4 F TR 5 M %
Wtk AR BOEREE B T A s []]. AT AR
w5 % #&. (202506-13) [ 2025-10-10 ]. https://link. cnki. net/
urlid/11.2267. n.20250611. 1839. 006. [ZHOU X Y, XU Y S, LI
7Y, et al., 2025. Strategic key minerals trade network resilience:
Whole industry chain based analysis under nature and politics
situation [ J]. Systems Engineering—Theory & Practice. (2025-06-
13)[2025 - 10 — 10 ]. https://link. cnki. net/urlid/11. 2267. n.
20250611. 1839.006. )

R, RBEE, S, 2024, AR R 5 A AR AL S A 5 AT
(J].+EABLHRZF, 37(7): 4-13, 28. [ZHU , ZHU H B,
Z0U X H, 2024. Analysis of global strategic mineral industry chain
and supply Chain [ J]. Natural Resource Economics of China, 37
(7). 4-13,28. )

RS, 2021. Skuebt X 4E 5 T B ¥ on B F & AR A AL AT R
[D]. XX:FPBE K KXF. (ZHU Y G, 2021. Influencing factors
and theoretical mechanism of strategic critical mineral resources
availability[ D]. Wuhan: China University of Geosciences. )

ACHZET B, HELBIG C, 2013. How to evaluate raw material supply
risks: An overview[ J]. Resources Policy, 38(4) ; 435-447.

BOWN C P, 2023. Industrial policy for electric vehicle supply chains and
the US-EU fight over the inflation reduction act: Peterson Institute for
International Economics Working Paper[ R ]. Washington: Peterson
Institute for International Economics.

FIGUEIRA J, GRECO S, EHRGOTT M, 2005. Multiple criteria decision
analysis: State of the art surveys[ M]. Berlin: Springer-Verlag.
FIKRU M G, KOPPERA S, 2024. Public perceptions of mineral criticality
and preferences for energy transition strategies in the United States

[J]. Communications Earth & Environment, 5(1): 1-11.

FLEXER V, BASPINEIRO C F, GALLI C I, 2018. Lithium recovery from
brines: A vital raw material for green energies with a potential
environmental impact in its mining and processing[ J]. Science of the
Total Environment, 639(1) : 1188-1204.

GRAEDEL T E, BARR R, CHANDLER C, et al., 2012. Methodology of
metal criticality determination [ J ]. Environmental Science &
Technology, 46(2) : 1063-1070.

GRAEDEL T E, HARPER E M, NASSAR N T, et al., 2015. Criticality

of metals and metalloids[ J]. Proceedings of the National Academy of

Sciences of the United States of America, 112(14) ; 4257-4262.
HACKENHAAR I C, MORAGA G, THOMASSEN G, et al., 2024. A
covering life cycle sustainability

comprehensive  framework

assessment, resource circularity and criticality [ J ]. Sustainable
Production and Consumption, 45; 509-524.

HOSSEINI S, IVANOV D, 2020. Bayesian networks for supply chain
risk, resilience and ripple effect analysis: A literature review [ J].
Expert Systems with Applications, 161; 113649.

HOU W Y, LIU H F, WANG H, et al., 2018. Structure and patterns of
the international rare earths trade; A complex network analysis[ J .
Resources Policy, 55: 133-142.

HWANG C L, YOON K, 1981. Multiple attribute decision making[ M ].
Berlin; Springer-Verlag.

JASINSKI D, CINELLI M, DIAS L C, et al., 2018. Assessing supply
risks for non-fossil mineral resources via multi-criteria decision
analysis[ J]. Resources Policy, 58 150-158.

LIM-CAMACHO L, PLAGANYI E E, CRIMP S, et al, 2017. Complex
resource supply chains display higher resilience to simulated climate
shocks[ J]. Global Environmental Change Part A ( Human & Policy
Dimensions) , 46 126-138.

SAATY R W, 1987. The analytic hierarchy process: What it is and how it
is used[ J]. Mathematical Modelling, 9(3/4/5) ; 161-176.

SCHRIJVERS D, HOOL A, BLENGINI G A, et al., 2020. A review of
methods and data to determine raw material criticality [ J ].
Resources, Conservation and Recycling, 155; 104617.

SHANNON C E, 1948. A mathematical theory of communication[ J]. The
Bell System Technical Journal, 27(4) : 623-656.

SHKOLA V, BAKIN M, 2024. The EU’s carbon border adjustment
mechanism: FEconomic and legal issues: Proceedings of the XV
international scientific-practical conference “legal science and state-
building in Ukraine in the context of integration processes” , Sumy,
Ukraine, May 24, 2024[ C]. Sumy: SF KhNUVS.

SONDEREGGER T, BERGER M, ALVARENGA R, et al., 2020.
Mineral resources in life cycle impact assessment: Part I: A critical
review of existing methods [ J ]. International Journal of Life Cycle
Assessment, 25(4) ; 784-797.

SUN X Q, 2022. Supply chain risks of critical metals: Sources,
propagation, and responses [ J ]. Frontiers in Energy Research,
10 957884.

TILTON J E, GUZMAN J I, 2016. Mineral economics and policy [ M.
London: Routledge.

WALTER C, BRAUN A, FOTOPOULOS G, 2020. High-resolution
unmanned aerial vehicle aeromagnetic surveys for mineral exploration
targets[ J]. Geophysical Prospecting, 68(1) ; 334-349.

WATARI T, NANSAI K, NAKAJIMA K, 2020. Review of critical metal
dynamics to 2050 for 48 elements[J]. Resources, Conservation and
Recycling, 155 104669.

ZHANG L G, CHEN Z Y, YANG C Y, et al., 2022. Global supply risk
assessment of the metals used in clean energy technologies [ J].

Journal of Cleaner Production, 331 129602.



