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Table 1 Key metals used by strategic emerging industries
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Table 2 Key metals supply risk assessment system
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Figure 1 Availability scores of key metals, 2011-2020
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Figure 2 Dependence scores of key metals, 2011-2020
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Figure 3 Affordability scores of key metals, 2011-2020
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Table 3 The impact of key metals on strategic emerging industries in 2020
AR P [80, 10014% [60, 80)4

HRETE BTG AR B LR BRI

B —RUEBH A R BHUBR VR VBRI B B B

BREEE L A4 JE B BB VBRE LR NN R R NN AN R

120 i A T B VBCAE BRER VES Bl VB VEELVBRCVBE VLB R B VR R LA

AW B M8 VR i AT B

LGl =4 IR 3 RN RGN ]
o RafEE T

AR SCAE X Graedel 25" Fl Nassar 26U H )R
B P AT SR B — 20 B T SRR R AR A
KM R BE FIRERA PR S 4B AR P A8 br i B e
VR KGR AR BE 5550 3G, AR
B[R] R 25 A5, A5 B s b iR 25 A5 5k,
AR 2 AT AT AR RS2 PE 3 A 4E R iR 2545
B 20 A IR PR HORPE Az
YeRE ) FEMERRE 2 . SE TSP A 48 1 25 AL
P 22 SR, SR X H Ak A A 21 B ) S5 A
2o BB R AT AR RO R AZ M 3 AN YE R
) 1% 25 A8 40 5 LR MR o 22 AH 3f , THAAE Hh 4% OC Bt
BB IR PRIEZE .

FE bR E s Ab BR A LR b, T SRR R IS AR
L, M E 25 S AT Pk o ABOE AT AR AR
T2 R 2 0 B 24 Bl A BE 28534, 95% B A
DX [H] , 38 221 5000 Yk A5 45 SR 00 A2 AL Y L

P17 4 2020 455 BE I 7 M BT 5 ¥4 73 G B 452 TR
I EM T8 R oW 88 ik eE .
BEEE R AT ARAS TR A B 0 AN B MR TR P
AR SZ PEYE R, P — &5 R A0 R R, il sk A5
A FE AR PR A S 2 ok I BOA 2 BN AR BUR
BLAE A ) i 4, 7E 48 A2 At o8 iy s # v, 30 o0 4
FRESHE A 56 5 (19 %5 JE B, TR R 32 P 4 i
(A BSCHE A 5 A 22 T 10 SO P, AT S AR o ity v T
o HREE T OCHE A TR AN A AT A R Rt
5P OGS a8 1Y AN E PR A = T B I
RV RE ARSI — = EN . R
SRR IS B BB, B RE RS AT LAY,
TEZ I8 T BRI R IE K BE R B A — AU TR L, A
SR R BT 2 Ml O B 4 T XU T A ) 4

E7 20208 E&R AKERE B 5 RIEN
BB A8 7E 1 53 76 B
Figure 7 Supply risk uncertainty distribution
of REE, PGE, Li, Co, and Ni in 2020

5 Zit5HREW
5.1 £5ip

AR S I 1 g XU PF A HE 22 %60 i 2011—
2020 4F S5 4 Ja B A XU B4 T 0FA , 430 TR TR
A5 W B 2% 7 ol B L 7 i B 2 4 2 R ) G 4 R
(1R 52 Wi A, DA B AS ) ) ) vl [l 1) S i LA
W

(1) KA 4 Jm AE B 3 24k b — E A F
B, A 2011—2020 A A XURS: 420 e XU 1) 7K
- QAR AR R VEE VEEEIX 10 A R XU R
R 4 ) LA A AR RS 5 B
B IGEEN FEAR KR AR R4y S 4 R Nk
W5 2 7 M P A0 T R, R RURS: s B AT
WAL i FRTE 2011—2014 4F AL 07 XU A X B4, 78
2015—2020 4k i XURS Fp 22 5 5 HAh OG5 4 T 7
I 247l TP A T SR S G A, 7E 10 4F v
A XU S22 30 N BBl 0 SRR AE

hitp://www.resci.cn



2134 %O R A

W46 11

(2) KA AP T VG IR () 5
I o0 R A5 L X e ] G T 2 M e 4 e
M 2 5 R o 3 B ) R0 O A 4 R 11 2 A 7 [ B
F BTG R, B WA 2 7 Ml ol e L 1 % 1Y)
BN E R, EEAE T, d TR B A A
], m Al IR () % 2 B B 4 T 1y pE 1 XU 5
M R 551 v, SRR AR 2P M | L G DU s i) 10 22 i oG
AT . FREE R E v WCH R S
ST 10 ZFPOCHES Jm AN, OF H S hE A e 4
K F AR B AR X I

(3)2011—2020 4F- 6 2 R W PR 7 24 77 Ml 22 4
TG A R RS DG A Jm AL 1 Y 52 AR
Forp ErpA R B RR IR | R ke A il BT — 10 E R
FEAR 4 TS 2477l 327 K 4 i AL 7 5 i
KR AR AR ARG A B ES  FEL AZS AR
W& BT i g SR A R B B A A
LB o LA, — B RS AN ) S 4
S35 /D B i v R RS W AR X A ) s 2l
TINS5 X2 S =i} A 20 NI A D0 KN~ R s R A 1)
CATE NI | DOP Ry [ e = A A K N O Ra
YIBE 2 HS AR DGRBS RS IR AR AR
5.2 BUIREIN

K E SR R AN T Q4 TR i it
NS5 AR L F L Ry TR R AU
WhZ g ST A 4 ) A L AR AL, A0 Ak AH SCE s 1Y
VA ST, [ i s Ak A Fs HIL ] 5 Pl 5 | sl 3
il R 2E 5 R R B E BT 5T o X — R G0 itk
Shy H ] DG 4 AL N R R B 2 M 1 ke
HEsRA 7SR SRR

(1) {4 G 42 TR Wt A5 5 ML, Ak AH G
B AA g . WERIR b W R & R
B8 Eh R B VL AL R 4R S 10 Rl T BRI
Qb T v A 07 JRUIS: I X % W T 2 7l K R 5 T K
1) S e 4 TR S AT T2 P 2T SR A 4t R s AT I
R0 R S A7 50 MY G s A (NP S
4 R SCAT AR LD A R B . A, 3 N 3 i
ZHAE ARSI 0, BEAUR B 4 X S i 4 Ja 1 0t
AR 55 B I AS [ 7=l 1 R I DL AT I A ST
BUE RS, M T O 4 TR 1Y T A L

(2) 7 FN 58 35 S B 4 B AR ML, #4541
T JCHEA JE LT B0 52 M 1R 7 JRURS: Y E

hitp://www.resci.net

2N VIR E ST NI AN NSRS
WIS (<) BRI 5 A 58 0 v [l S < s 3 17 52
Wi 5 H 04 FE 2K 00 H AR OCE L BUR L 51 5 BUR A
B, SR AT RE S A i KUBS: o [R]ARE, DA
B B A R A ST O 4 SRR 5 S I
AR & R G0, 4 I BE B BE KRS B F 15, iR
BIR FEEZETT 5T 2 28R A MG 1 Pk

(3) 5 AL FE Al Bk~ S b HRL 2 (9 BB AT 5T, 5
BETT R MR A RS . ™l R
2 JE B R RS B2 G 4 T A M AR R, DRIk
FREEMESE " B 2207 1, F5 il A B B T S5
A B9 VA T8 AR G, ISR BT BOR SR, FRI S A4
J& AR TS S 55 O ) EAT R, AT LA H A [ 52
R F T3 ) BB

(4) finsi = A T & 5 B AMBE R PR R ) B . G B
<G J S AN AL FE AR B BT B R KRS R A O B <
J& , —ZN R B RBEA st B 77 B8, 76 w] I & 5%
PET BEARTF R A A& THO™ 1L 7 R 5 — A0 A G
<5 J IS B 3 o A S A B8 T AL A
A [T WA Bl BB SR A A Bl S B 4 1 T AT B4 5
= EER Sl — B R R I PR
A 25 O 5 IR I Rk T [ PR BECA 4R
THep S TEBCRIA BEAE ST

5 % X ik (References):

[1] F2il, £EE. FHbrshd R & IE R EE R 20 PRS
7 X SREWE (1. v A 2 B B T, 2023, 38(1): 72-80. [Wang A J,
Wang C H. Challenges of international turmoil situation to China’ s
energy resource security and coping strategies|J]. Bulletin of Chi-
nese Academy of Sciences, 2023, 38(1): 72-80.]

[2] RIGHA, AR, e MgV Es ™ SRt 4 & &M LR
A5 B R[] BB, 2020, 42(8): 1439-1451. [Wu Q' S, Zhou
N, Cheng J H. A review and prospects of the supply security of stra-
tegic key minerals[J]. Resources Science, 2019, 42(8): 1439-1451.]

[3] FEZgd, mEas. T ERES EEY ™ RIEE SRR B
BR2EBEBE T, 2020, 35(3): 338-344. [Wang A J, Gao X R. China’s
energy and important mineral resources demand perspective[J]. Bul-
letin of the Chinese Academy of Sciences, 2019, 35(3): 338-344.]

[4] TEA. The Role of Critical Minerals in Clean Energy Transitions[R/
OL]. (2021-05) [2024-05-07]. https://www. iea. org/reports/the—
role—of—critical-minerals—in—clean—energy—transitions.

[5] IEA. World Energy Outlook 2021[R/OL]. (2021-10-11) [2024~
05-07]. https://iea.blob. core. windows. net/assets/4ed140c1-c3f3-



20244 11 H

[6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

PN TS RO T 2 S < TR A N XU A

2135

4fd9-acae—789a4e14a23¢/WorldEnergyOutlook2021.pdf

k. R EDCHE 7 AR B 3 ) BT RESE R ] A RiE
1%, 2022, (15): 90-95. [Wang Y Z. New trends and potential im-
pacts of the game of key mineral resources in resource countries
[J]. People’s Tribune, 2022, (15): 90-95.]

Christoph H, Dieuwertje S, Alessandra H. Selecting and prioritiz-
ing material resources by criticality assessments|[J]. One Earth,
2021, 4(3): 339-345.

Li J S, Peng K, Wang P, et al. Critical rare—earth elements mis-
match global wind—power ambitions[J]. One Earth, 2020, 3(1):
116-125.

WA, TS, Bh Al Bn . SO XURR” H AR 89 5 1 2 J 13t 1 6
SO FE XTSI b E A2 B BT, 2022, 37(11): 1577-1585.
[Chen W Q, Wang P, Zong W Q. Challenges and security strategies
of Chinas critical metals supply for carbon neutrality pledge[J]. Bul-
letin of Chinese Academy of Sciences, 2022, 37(11): 1577-1585.]
R, TEMG, FI, 5 G OGS 7 B AR AR AE KU R[],
B4 47, 2022, 40(8): 91-103. [Zhao S, Wang P, Wang L, et al.
Evolution of the US strategy for critical minerals strategy and the im-
plications|J]. Science and Technology Review, 2022, 40(8): 91-103.]
R 3, XK, E AN . 58 R LR IR R B H s SR A
HE5 A )R A3 Ar)). o E R, 2021, (S1): 36-45. [Xie M X, Liu
D H, Wang C J. Analysis of U.S. rare earth resources demand and
strategic layout[J]. China Soft Science, 2021, (S1): 36-45.]

G AL, AR O A B R 4 B e R S T U
[J]. B9 50k, 2022, 24(1): 8-14. [An H Z, Li H J. Theory and
research advances in whole industrial chain of strategic mineral re-
sources|J]. Resources & Industries, 2022, 24(1): 8-14.]

National Research Council. Minerals, Critical Minerals, and the U.S.
Economy[R]. Washington, DC: The National Academies Press, 2008.
European Commission. Critical Raw Materials for the EU[R/OL].
(2010-07-30) [2024-05-07]. http://ec. europa. eu/enterprise/poli-
cies/raw—materials/documents/index_en.htm.

Rosenau=Tornow D, Buchholz P, Riemann A, et al. Assessing the
long—term supply risks for mineral raw materials: A combined
evaluation of past and future trends[J]. Resources Policy, 2009, 34
(4): 161-175.

Graedel T E, Barr R, Chandler C, et al. Methodology of metal criti-
cality determination[J]. Environmental Science & Technology,
2012, 46(2): 1063-1070.

Nassar N T, Brainard J, Gulley A, et al. Evaluating the mineral
commodity supply risk of the US manufacturing sector[J]. Science
Advances, 2020, DOI: 10.1126/sciadv.aay8647.

Srivastava N. Trade in critical minerals: Revisiting the legal re-
gime in times of energy transition[J]. Resources Policy, 2023, DOI:
10.1016/j.resourpol.2023.103491.

Liu S, Liu W, Tan Q Y, et al. The impact of China’s import ban on
global copper scrap flow network and the domestic copper sustain-

ability[J]. Resources, Conservation and Recycling, 2021, DOI:

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(30]

(31]

(321

10.1016/j.resconrec.2021.105525.

Ryter J, Fu X K, Bhuwalka K, et al. Emission impacts of China’ s
solid waste import ban and COVID-19 in the copper supply chain[J].
Nature Communications, 2021, DOI: 10.1038/s41467-021 23874~-7.

Carvalho V' M, Nirei M, Saito Y, et al. Supply chain disruptions:
Evidence from the great east Japan earthquake[J]. Quarterly Jour-
nal of Economics, 2021, DOI: 10.1093/qje/qjaa044.

Cheng S X, Shu C, Jin M L, et al. Balancing resources and sustain-
ability: Analyzing the impact of mineral resources utilization on
green growth[J]. Resources Policy, 2023, DOIL: 10.1016/j. resour-
pol.2023.104143.

Daly A, Humphreys D, Raffo J D, et al. Global Challenges for Inno-
vation in Mining Industries[M]. Cambridge: Cambridge University
Press, 2022.

Marscheider—Weidemann F, Langkau S, Eberling E, et al. Raw
Materials for Emerging Technologies 2021[M]. Berlin: DERA
Rohstoffinformationen, 2021.

Christmann P, Lefebvre G. Trends in global mineral and metal
criticality: The need for technological foresight[J]. Mineral Eco-
nomics, 2022, DOI: 10.1007/s13563-022-00323-5.

Yan W Y, Wang Z L, Cao H B, et al. Criticality assessment of metal
resources in ChinalJ]. IScience, 2021, DOI: 10.1016/j.is¢i.2021.102524.

B e, SRIRGE, WM, 55 . FR [ SO PR T E
DU SR AT T E AT, 2022, 31(9): 1-11. [Ju J H,
Zhang Z 7, Pan 7 S, et al. Determination of mineral resources in
China’s strategic emerging industries and demand analysis of the
14th Five—Year Plan[J]. China Mining Industry, 2022, 31(9): 1-11.]
HLARAE, Gy, RIGA BRI SRER PR R R i
A B AT B h BT - SR S PR, 2021, 31(9): 135-
142. [Cheng J H, Yi J H, Wu Q S. Carbon neutrality, strategic
emerging industry development and critical mineral management
[J]. China Population, Resources and Environment, 2021, 31(9):
135-142.]

Fraser Institute. Fraser Institute Annual Survey of Mining Companies
2020[R/OL]. (2021-02-23) [2024-05-07]. https://www.fraserinsti-
tute. org/sites/default/files/annual-survey—of-mining—companies—
2020.pdf.

B A, 2R 7 BT R XU BIF 5 1k e R 1], B U5
B 2£, 2023, 45(9): 1723-1745. [Han S T,LI H J. Research prog-
ress and frontiers of mineral resources supply risk[J]. Resources
Science, 2023, 45(9): 1723-1745.]

ST, AR, LD, S L SR T SCRR T B IR 3t
PERFFE R J]. ¥ IEAL2E, 2024, 46(4): 671-686. [Zhang Y Q, Li
H J, An H Z, et al. Progress and frontiers of critical mineral re-
source availability research based on the perspective of industry
chain[J]. Resources Science, 2024, 46(4): 671-686.]

Yu S W, Duan H R, Cheng J H. An evaluation of the supply risk
for China’ s strategic metallic mineral resources[J]. Resources

Policy, 2021, DOI: 10.1016/j.resourpol.2020.101891.

hitp://www.resci.cn



2136 W R
W46 11

Assessment of key metals supply risk in China’s
strategic emerging industries
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(1. School of Economics and Management, China University of Geosciences (Wuhan), Wuhan 430074, China;2. Research

Center of Resources and Environmental Economics, China University of Geosciences (Wuhan), Wuhan 430074, China)

Abstract: [Objective] The increasingly complex and volatile international environment aggravates
the instability of the global key metal supply chain. Assessing the key metal supply risks of strate-
gic emerging industries provides an important reference for national resource security, the stable de-
velopment of emerging industries and the prevention and control of exogenous risks. [Methods]
This study took six major strategic emerging industries in China and 29 key metal minerals re-
quired as the research object, constructed a key metal supply risk assessment system for strategic
emerging industries from three dimensions of availability, dependence, and affordability, and ana-
lyzed the supply risks of different key metals and their impact by major countries during 2011-
2020, as well as the extent to which major products of strategic emerging industries are affected.
[Results] (1) From 2011 to 2020, the supply risk of platinum group metals, hafnium and niobium is
particularly prominent, and the supply risk of key metals such as nickel, cobalt, zirconium and lithi-
um changes with the change of hot industries, and gradually increases in the later period; (2) Rus-
sia, Australia, the United States, Canada, Brazil affect the supply risk of more than 10 key metals in
China, while South Africa, Chile and the Democratic Republic of the Congo (DRC) affect the num-
ber of key metals is relatively small, but the impact is particularly high; (3) New materials, new en-
ergy, high-end equipment manufacturing, new generation of information technology four categories
of strategic emerging industries are relatively vulnerable, especially catalysts, permanent magnets,
lithium-ion batteries, aerospace equipment, electronic products are vulnerable to platinum group
metals, hafhium, germanium, cobalt and other key metals. (4) Gallium, lead, rubidium, thallium
and other key metals with small overall impact will have a greater impact on a few products, which
is worth paying attention to. [Conclusion] With the increasing instability of the global supply chain
of key metals, strengthening import and export control, refining data statistics, improving risk con-
trol mechanisms, building early warning platforms, strengthening technological innovation, and in-
novating resource utilization systems have enlightening significance and practical value for prevent-
ing and resolving exogenous risks and ensuring resource security and industrial security.

Key words: key metals; supply risk; risk assessment; strategic emerging industries; industrial safety
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