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Fig. 1-1 Advanced projects and major countries with lithium reserves in the world (2020, reserves: metric tons of Li.COs3 equivalent)
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Table 1-1 Major countries with lithium (Li2CO3) reserves in the world (2020)

He4 = EE (7 EIR G
1 BH  Chile 5, 267 41. 06%
2 BRI Australia 1, 839' 14. 34%
3 FIARZE  Argentina 1, 693° 13. 20%
4 H1E  China 810 6. 31%
5 EHE  USA 570 4. 44%
6 #EX  Canada 369° 2. 88%
7 NI (&)  Congo(DRC) 363 2. 83%
8 AEAF Zimbabwe 243 1. 89%
9 EP5E Mexico 173 1. 35%
10 VUYL Spain 79° 0. 62%
11 HAth - Others 1,422 11. 09%

&1t Total 12, 828 100. 00%

e 1R E J7 AR 2020 4B 4% ft 2000 770, 2-3X S fif S Ad B 5 H B
YRR RO

(2) Whkz

#ZE 2020 K, AIREH TEEFK 3764, HH 110 M HF
BEHE, 2HE20NER. TELRET KIRE 34943 7ok, TE
A TEFAR 4T 31.98%. FIARZE 22.71%. X E 15.72%F0 A F| T
5.90%. &k, #w. EAEFEHAL,A, K 12, FEEY
WIRE 1914 7 vf, 4 xk 5.48%.
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Table 1-2 Major countries with lithium (Li2COs3) resources in the world (2020)

He4 BEx BEE (M) W
1 WA Bolivia 11,176 31. 98%
2 FTHR%E  Argentina 7,934 22. 71%
3 EE  USA 5, 492 15. 72%
4 AR Australia 2, 062 5. 90%
5 & China 1,914 5. 48%
6 NI (£)  Congo (DRC) 1,628 4. 66%
7 &K Canada 1, 462 4. 18%
8 £ Czech 656 1. 88%
9 FEIRYE.  Serbia 617 1. 77%
10 ZF|  Chile 580 1. 66%
11 HAt Others 1, 422 4. 07%

&1 Total 34, 943 100. 00%
8000
7000
g 6000
§§ |
= 5000+ n
= 1
# 4000
% 7 —_
2 30004 i
‘ﬁ\. -
h
w5 2000
1000
0- | Rl b Bl B B 5 I g TTT 1M
156791112 13 14151620

ERESRE (7)) (6. SeE, Ha. A

E: BT RERRT ARME, TFARIEFSULIRATY
3 e A L ) A A R A

B 1-2 ABERERAT M —p A AR Y K]

Fig. 1-2 Reserve tonnage vs. cost model of lithium mines in the world
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Fig. 1-3 Reserve tonnage vs. grade model of hard rock type lithium deposits in the world
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Fig. 2-1 Advanced projects and major countries with cobalt reserves in the world (2020, reserves: metric tons of cobalt metal)
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AR 1.95%. AR A A 467 R R £ BT XA, 5 E b th4 50.53%,
Rk AT AR S 40.02%, B RAET S 7.01%.
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Table 2-1 Major countries with cobalt reserves in the world (2020)

4 H X EE (JaH) AR5
1 WIS (&)  Congo (DRC) 297" 44. 46%
2 FIEJEPEE.  Tndonisia 107° 16. 02%
3 WA Australia 65’ 9. 73%
4 HE Cuba 25 3. 74%
5 nZ X Canada 19 2. 84%
6 We %  Cameroon 18 2. 69%
7 F1E China 13 1. 95%
8 HEHEZBT New Caledonia 12 1. 80%
9 JEf27%  The Philippines 10 1. 50%
10 ks Madagascar 10 1. 50%
11 HAl Others 92 13. 77%

A1t Total 668 100. 00%

T 12l R S A M G DT R kit R Bl e B 53 T, 2-5] HENEJEPE L
BT A 2019 R Gzt s 210 B0 R JE o4 020 AR 0 R Al B ik e
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(2) Hh=E

#ZE 2020 4, 2%k 1202 MEF4EH TE, HHf 2684 A H R
R, 24 & BBANE XK. G ET HIRE 2344 vk, {IR(4)
VIR E &% 35.24%. 1 £ R A T 17.70%. 8 AF| P 7.30%. 3% Ain 6.48%
fatng K 478%, HMEX D ELA, FIH&2-2. FESFREE 4
Fed, Ak 1.88%.

3. BEELFFHEENR
xtAaEk 20 ANEF TE fif & By AL AR FAT AT (hE A P4
WA LA, TE ), 2R 468 BRI 8] 78 2.52-148.18 £ i, /74 = |4
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*2-2 RN R E L E o ATE S (2020 )
Table 2-2 Major countries with cobalt resources in the world (2020)

He4 H X HIRE (T ARG
1 NI (£&)  Congo(DRC) 826 35. 24%
2 EVEEJEPEV  Indonisia 415' 17.70%
3 HAFIE Australia 171 7. 30%
4 i Tonga 152 6. 48%
5 %k Canada 112 4.78%
6 JEFEE  The Philippines 97 4. 14%
7 HEL Cuba 85 3. 63%
8 ELE Zambia 68 2. 90%
9 HriEEZ BT New Caledonia 49 2. 09%
10 EE I 48 2. 05%
11 HE  China 44 1. 88%
12 B Brazil 35 1. 49%
13 EL A Mg )L Papua New 33 1. 41%
14 AR L éa£e d’ Ivoire 29 1. 24%
15 HZEJE W Tanzania 23 0. 98%
16 LkPET.  Malaysia 19 0.81%
17 WP W Russia 17 0. 73%
18 |PAER Mexico 16 0. 68%
19 HoAt - Others 105 4. 48%

At Total 2, 344 100. 00%
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*3-1 PG R 2 A E S (2020 4F)
Table 3-1 Major countries with niekel reserves in the world (2020)

H XK fERE () ARG

1 ENEJEVEIE  Indonisia 2, 875" 31. 72%
2 WAFIW.  Australia 1, 265° 13. 96%
3 HF W Russia 770° 8. 50%
4 # L Cuba 647 7. 14%
5 P8 Brazil 567 6. 26%
6 &K Canada 542 5. 98%
7 eS¢ The Philippines 472 5.21%
8 FrxHZ BT New Caledonia 409 4.51%
9 H[E China 398 4. 39%
10 B South Africa 154 1. 70%
11 e &4 Guatemala 98 1. 08%
12 ZKJeh Dominica 93 1. 03%
13 A Madagascar 79 0. 87%
14 HAh  Others 694 7.66%
it Total 9, 063 100. 00%

T 1-HE VI E T AR 2019 SEEEEMEE DY 7199 J3mi; 2RI U5 A A 2020

FEREAEESE 830 i, 3P HE 7 2020 A AL i &2 800 Jfi,

RT.EEEFEEK 3-2). PESY FIFEE 410 7, b2k L57%.

3. (R BT B

Xt 39 AMEA T E FE M AL — R AR AT (R A A AR 1Lk
A, TE), mAKIEE 15-360 % /42 & (E3-2), AZHE 130
ETni. BRE, ENEL R AT RAZ I AREREKE, #E
HUAR KR L&A = R A P il B BN B i AR B3R R & A 7 Ak
RN TE A A, BIETE FH A3 T & A R

AR EE, ERMET &EFRATHEZR.

DI

WO B AR R A T AR B, KB T 150 R TR LT, KIF
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* 32 RN RIEE R EAE S (2020 )
Table 3-2 Major countries with niekel resources in the world (2020)

He 2 =P BIRE (7M) 2S5
1 ENEEJEPEE.  Indonisia 6,071' 23. 28%
2 WAL Australia 4, 702 18. 03%
3 W Russia 2, 567 9. 84%
4 IZK Canada 2, 309 8. 85%
5 P4 Brazil 1, 655 6. 35%
6 Bk L JEW. New Caledonia 1, 447 5. 55%
7 FE4ETE  The Philippines 1,432 5. 49%
8 A Cuba 1,388 5. 32%
9 #hn Tonga 979 3. 75%
10 BdF  South Africa 467 1. 79%
11 H1E China 410 1.57%
12 HZJEW Tanzania 366 1. 40%
13 Fr®B 18 Solomon Islands 329 1. 26%
14 EAGWH JLNIE  Papua New Guinea 260 1. 00%
15 Al Burundi 242 0. 93%
16 EMEEEIE - Columbia 219 0. 84%
17 i Greece 212 0.81%
18 fati L Hi  Guatemala 147 0. 56%
19 Fiidl  Sweden 126 0. 48%
20 B /KELfEV.  Albania 96 0. 37%
21 Lk mdrin  Madagascar 93 0. 36%
22 KLY Botswana 70 0. 27%
23 HAh Others 495 1. 90%

£t Total 26, 082 100. 00%

VE: I-EIREERVELE AR 2019 4F BE iZ E 4 % R 16693 J5 .,

e 2 %08\l B A PR RO, TE 150-300 £ /M (] . R E N A
HFERAANF e, EEA 1650-225 £ 0/ 8] L ZE N LB s A
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B RA W R KT EEAGHT R WOE KRG AR A 3 o
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G AXEEEPEFERARPER (BEWEREL. X
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2. FERFRE

(1) tk=

#ZE 2020 SF K, 2RGY TE AR 1324, A 27 A ELRK
¥, AAE ISNER (E 4-1)., IFHELHRGT 45 327 Ao, FE
it B0 E K A [E 23.24%. # % 7 13.15%. B 75 12.84%. # AF|
T 11.93%. BB T 10.40%F0 5 K F i 7.65% (ML 4-1).

(2) k=

#Z 2020 K, 2RGY TE EX 1324, H 2 MNHHRE
BAE, e IBNEX. W/EEKGH WEE 807 Avh, EELM
7E W E 41.88%. BLA|% T 10.16%. HE R T TE 9.29%, HihE K45

20



RUSSIA
0.4 million
=

MOROCCO
%l million :

- INDONESIA
R} O 0.3 million
et A V)

CONGO PERU

Q MALAYSIA

0.3 million
=2

BRAZIL

0.7 million
=

AUSTRALIA

0.4 million jy
= A7) ;

-

* Tin projects with reserves/resources

Kl 4-1 &P &R E L FEEZEE A (2020 4, f#E: HeEE, )
Fig. 4-1 Advanced projects and major countries with tin reserves in the world (2020, reserves: metric tons of tin metal)
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*A-1 GV EE T E A E S (2020 )
Table 4-1 Major countries with tin reserves in the world (2020)

He 44 B 2 fEE (Jim) AR H
1 H[E China 76 23. 24%
2 WP Russia 43' 13. 15%
3 ELp4  Brazil 42° 12. 84%
4 WKFE Australia 39" 11.93%
5 EI¥ VU - Indonisia 34 10. 40%
6 LoRPEIE Malaysia 25" 7. 65%
7 NS (4>  Congo (DRC) 14 4. 28%
8 A€ Peru 14 4. 28%
9 EEVREF  Morocco 6 1.83%
10 FHORE W Kyrgyzstan 2 0.61%
11 HAt  Others 32 9. 79%

&1t Total 327 100. 00%

T 1T B T7 2020 SRR MRS AR T it 520 002 159 J3mAT 20 s 2-5] 536
3 5 R 2= A AT K 2020 SR s -1l B S A e R SR B R A B R
B 24 JIW; A-BORAINE E 7 A4 2020 SEEEAE R 26 JI.

FRERD (%k4-2).
3. R EEFF B

XA IR 6 NG H T E %8 Bl — R AR AT (ol E 4 AT L A
A, TE), kAKEE 60-170 & /4, KZFHHE 100 Xm/4 (H
4-2), HA, HABERANGH L, HE & RARE 80 £ T/ HIL T,
G AT R TR E & AR, BAETE F A TR A
P AR

X 29 ANGA B B AL — 5 LA BEAT AT, S KA
0.1%-4.2%, K T EH B NTH BANT 1.0%, KEHHE
0.4% (B 4-3). IRANRIBUE LLSh, B R MNA MR By i (L 257 1.0%
UT. EF AENFEE 10 FHEE L7026, ARREE, o
MEMEEMNTEMNNGT HEREL, ZRAMN. AR LEE, TN
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Table 4-2 Major countries with tin resources in the world (2020)

He44 5SS BEE (M) £ 5H
1 E  China 338 41. 88%
2 PER4ET - Bolivia 82 10. 16%
3 ENEEJEPEF  Indonisia 75 9. 29%
4 HE B Russia 54 6. 69%
5 NGRS v B - Kazakhstan 49 6.07%
6 BRI Australia 37 4. 58%
7 7 Czech 28 3.47%
8 & Peru 23 2. 85%
9 MIE (4)  Congo (DRC) 22 2.73%
10 E Germany 22 2.73%
11 HAh  Others 77 9. 54%
&4t Total 807 100. 00%
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Fig. 4-2 Reserve tonnage Vvs. cost model of tin mines in the world
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2. FERFIRE

(1) =

#ZE 2020 4F K, A EIUE 35K 306 ), Ht 8N AHMEELK
W, A ISAER (F5-1), iFE2xkaHhisE 129124 (A1
WUE, TH), EEPAERKT I 38.16%. e KA 25.38%. H
%Z #7 10.03%. +F % i 7.61%, HMERDELA, # Wik 51
o E R g E 3.7 1L, ATk 2.46%.
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Table 5-1 Major countries with potash (KCI) reserves in the world (2020)

He4 H XK e (J7m) ERRGH
1 P W Russia 491, 459' 38. 16%
2 &K Canada 326, 910° 25. 38%
3 H#% W Belarus 129, 147 10. 03%
4 +FE S HIH  Turkmenistan 98, 062° 7.61%
5 iE China 31, 700 2. 46%
6 Zi  Laos 23, 736 1. 84%
7 P8 Brazil 22, 880 1. 78%
8 E Germany 20, 940 1.63%
9 FE  USA 8, 248 0. 64%
10 JeE UK 6, 462 0. 50%
11 HAh  Others 128, 395 9.97%

it Total 1, 287, 939 100. 00%

T 1z R h S A S R I SR TR AR A+BCL ZE L, JFRYAT,
(B S RIX LA L HEAH R A P 1L, ORI e BRI/ ol B e 200 A R il R AL, R
BN R AT 2020 47, (2 5 7% N RIDGH A1 A7 B8 2 CKCLO i B 733l A2 47. 23
CWEAT 13, 3442 5 212 Aif B A vh 2 A A oo 0 BT R A B B O S 24 R 15, 2844
3-Afl AR H 2005 00— B SR A, WK T RTIR A i BARVETH SR T
TFRE ABHCL M, ARINERAT L SEPRA = AR A0 2R 6k 5 o 3 R IRE CL it 2. 78
fCME AR SRR A EE N

3. R BT IR

ARk 5 NI TE 6B S i — R AR IAT AT, AKX 8] 1E
7-99 X u/E 8] (vEEE ), K EIH{E 60 % i E ([ 5-2). 4
hAHEA R, BAETRA YL MR AR AR, &
E, EENAEL S A AR 2 A KB A TR

Xt 50 AN B E AL — @ (LA R AT A, A ALK ]
10%-50%, A Z¥EAE 25%4 %4 (E 53), & AfEEAHEE 100 7
i E 100 £ AL 2 8 R A, BAR B AIRET A% B 1Y T34 & r Aol B
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Table 5-2 Major countries with potash (KCI) resources in the world (2020)

He4 Hx RIFEE M) R
1 P Russia 2,096, 691' 48. 79%
2 &k Canada 1, 494, 908 34. 78%
3 MEETHE  Kazakhstan 162, 920 3. 79%
4 RWIH (Fi) Republic of the Congo 134, 998 3. 14%
5 5 [F - Germany 82,915 1.93%
6 EE  UsA 67, 356 1.57%
7 F P Belarus 71,889 1. 67%
8 L Brazil 47,224 1. 10%
9 H[E  China 43, 660 1. 02%
10 ZEPL Angola 28, 256 0. 66%
11 HAt Others 66, 838 1. 56%

Mit Total 4, 2917, 655 100. 00%
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Preface

This is the first time that a Chinese research institute has
independently assessed and published the information on global
mineral reserves.

The global pattern of supply and demand for mineral resources
has changed significantly in the 21st century. The demand for
resources in developed Western countries tends to be saturated,
while the demand for resources in newly industrialized countries is
growing rapidly, and the focus of resource demand is shifting to the
East. As the fourth industrial revolution, represented by new forms
of flourishing businesses such as new energy, information industry
and low-carbon economy, it drives the rapid demand growth of
“dispersed elements” minerals and “key minerals”, and leads to
significant changes in the national distribution of global resource
demand and mineral product composition. To meet the growing and
changing demand for mineral resources, new areas and new
resources are being discovered, and the global distribution and
development pattern of mineral resources is undergoing new
changes. The mineral resources information is becoming more
abundant, complex, and variable.

In order to provide accurate, reliable and timely mineral
resources information to the public, the China Geological Survey
(CGS) deployed and launched the global mineral reserves
assessment in 2020. It plans to complete the dynamic assessment of
global reserves of 40 minerals in five years and release it to the
society.
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The first batch of five strategic minerals, i.e., lithium, cobalt,
nickel, tin, and potash, was piloted, and a global mineral resources
information survey and reserve assessment system was initially
established. 3,168 mining projects around the world were
comprehensively collected, of which 987 projects with identified
reserves and/or resources were systematically evaluated to obtain
new and reliable global mineral resources and reserves data. The
basis of the reserve assessment is a comprehensive and accurate data
collection of mining projects, with multiple channels of verification
and validation, to ensure, no large or medium-sized mining projects
are overlapped or omitted. The mineral information in this report is
mainly taken from annual reports and websites of mining companies,
assessment reports of associations, project exploration reports,
national mining departments, research reports and authoritative
commercial databases, while very few data are quoted from the
assessment results of other institutions. For the “missing” reserves
that have not been collected in theory, a reserve distribution model is
established to predict them, which are included in the “Other” of
reserve tables for each mineral.

This project was spearheaded by the Research Center for
Strategy of Global Mineral Resources of CGS, together with the
Nanjing Center of CGS, Chengdu Center of CGS, Tianjin Center of
CGS, Xi'an Center of CGS, Wuhan Center of CGS, Shenyang Center
of CGS, Development Research Center of CGS, and Beijing Institute
of Geology for Mineral Resources Co., Ltd. If you find that the report

has any shortcomings, please point out and correct them.
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Lithium (Li)

1. Types and distribution of lithium resources

The characterization of Lithium deposits around the world based on
their occurrence include: salt-lake brine type, pegmatite type (including
granite- and greisen-related types), clay type, lithium zeolite type, oil and
gas field brine type, and geothermal brine type, with the former two types
being the most important ones. The salt-lake brine type and the pegmatite
type are the most abundant types of lithium deposits in the world.

The world is rich in lithium resources; however, the distribution of
lithium resources is very uneven, especially in the Lithium Triangle of
South America (the adjacent areas of Argentina, Bolivia, and Chile),
Australia, China, the United States, Congo (DRC), and Canada. The
salt-lake brine type lithium deposits are mainly distributed in the Lithium
Triangle of South America, which is the most important lithium resource
base in the world, followed by the Qinghai-Tibet Plateau in China and the
West Coast of the United States. Pegmatite type lithium deposits are
widely  distributed - globally, predominantly in Western Australia,
surrounding area of Qinghai-Tibet Plateau of China, and Congo (DRC).
These types of deposits are closely related to orogenic belts. Clay type
lithium deposits are commonly distributed in the Cordillera region of
North America, including the western United States and Mexico.

Presently, the global lithium mining is mainly concentrated in Chile
and Argentina in the Lithium Triangle, Australia, Canada, China, the
United States, and a few other countries. Overall, the development of the
lithium mine is relatively high, with the salt-lake brine type lithium mines

37



mainly in Chile, Argentina, and China, while the hard rock type lithium

mines mainly in Australia and Canada.

2. Reservesand resources

(1) Reserves

By the end of 2020, 376 lithium mining projects were recorded
worldwide. Reserves data are included in 60 lithium mining projects,
which are distributed in 18 countries (Fig. 1-1). Estimated global lithium
reserves are 128.28 million tons (equivalent to lithium carbonate as
shown below), mainly distributed in Chile (41.06%), Australia (14.34%),
and Argentina (13.20%) (Table 1-1). 8.1 million tons of lithium reserves
are recorded in China, accounting for 6.31% of the world’s lithium
reserves.

(2) Resources

By the end of 2020, 376 lithium mining projects were recorded in
the world, of which 110 lithium projects distributed in 20 countries, were
reported resources data. The global lithium resources are estimated to be
349.43 million tons, mainly distributed in Bolivia (31.98%), Argentina
(22.71%), the United States (15.72%), and Australia (5.90%). There are
also distributions in Canada, Czech Republic, and Chile (Table 1-2). The
lithium resources are 19.14 million tons in China, accounting for 5.48%

of the world’s lithum resource.

3. Overview of reserve economy

The cost range is US$1600-7400/ton (equivalent to lithium
carbonate/ton, as shown below) based on analyzing the tonnage-cost of
the reserves of 20 lithium mining projects in the world, with the average
cost of roughly US$3650/ton (Fig. 1-2). The total production cost of hard

rock lithium varies greatly, and the cost range is between

38



. : CANADA

& 3.7 million
. . e - - ‘. -
SPAIN .
CAnllion. : = ‘-l UNITED STATES
oo® = . CH]NA * . > 5.7 million
* 8.1 million N -
- MEXICO e
1.7 million
° m
CONGO
3.6 million .
o
ZIMBABWE .o CHILE b %
2.4 million p o® o 52.7 million ¥ .
——————
' AUSTRALIA®
18.4 milli . °
_mI o ARGENTINA
16.9 million
ik

¢ Lithium projects with reserves/resources

Fig. 1-1 Advanced projects and major countries with lithium reserves in the world (2020, reserves: metric tons of Li2COs3 equivalent)
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Table 1-1 Major countries with lithium (Li2CO3) reserves in the world (2020)

No. Country Reserves (1,000 metric tons)  Percentage in the world
1 Chile 52,670 41. 06%
2 Australia 18, 390’ 14. 34%
3 Argentina 16, 930 13. 20%
4 China 8, 100 6. 31%
5 USA 5,700 4. 44%
6 Canada 3, 690° 2. 88%
7 Congo(DRC) 3,630 2. 83%
8 Zimbabwe 2,430 1. 89%
9 Mexico 1,730 1. 35%
10 Spain 790 0. 62%
11 Others 14, 220 11. 09%

Total 128, 280 100. 00%

Note: 1-Australia's official reserves for 2020 are 20 million tons; 2-These data include reserves

converted from advanced resources.

US$1600-7400/ton, with an approximate average value of US$3100/ton.
In general, mines with larger reserves have lower total production costs.
The total production cost of salt-lake type lithium mine is relatively stable
(at US$2900-4200/ton) with an average of US$3550/ton, except for one
mining project having high cost of US$5088/ton. The relationship
between the scale of salt-lake lithium reserves and the total production
cost Is not particularly clear. The scale of salt-lake lithium reserves is
relatively larger compared with the scale of hard rock lithium reserves.
The total production cost of the salt-lake lithium mines is between the
highest and the lowest value of the total production cost of hard rock
lithium; however, if the cost of other associated economic minerals, such
as potash, are apportioned, the cost of salt-lake lithium may be
significantly reduced. The total production cost of the above-mentioned

lithium mine is the total production cost of the project, which include the
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production cost of other associated economic minerals in the project.
Table 1-2 Major countries with lithium (Li2COz3) resources in the world (2020)

No. Country Resources (1,000 metric tons) Percentage in the world
1 Bolivia 111,760 31. 98%
2 Argentina 79, 340 22.71%
3 USA 54, 920 15.72%
4 Australia 20, 620 5..90%
5 China 19, 140 5. 48%
6 Congo (DRC) 16, 280 4. 66%
7 Canada 14, 620 4. 18%
8 Czech 6, 560 1. 88%
9 Serbia 6, 170 1.77%
10 Chile 5, 800 1. 66%
11 Others 14, 220 4. 07%

Total 349, 430 100. 00%
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Fig. 1-2 Reserve tonnage vs. cost model of lithium mines in the world

The average grade of the hard rock lithium mining projects in the

world is between 0.4% and 1.0% (lithium metal, as shown below) based
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on the analysis of tonnage-grade model of 34 lithium mining projects.
The scale of reserves is from 17.98 to 150 million tons (Fig. 1-3). There
are more lithium deposits distributed in North America and Oceania on a
regional perspective. The grades of hard rock lithium mining projects in
North America are mostly distributed between 0.4% and 1.0%, with
reserve scale ranging between 35,000 tons and 8.47 million tons. The
grades of hard rock lithium mining projects in Oceania range from 0.4%
to 0.8%, with the ore reserves ranging between 2.18 million tons and 150
million tons. There are few hard rock lithium projects in South America,
and the distribution of reserves and grades is uneven, with large-scale
projects having relatively lower grades, and vice versa.
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Fig. 1-3 Reserve tonnage vs. grade model of hard rock type lithium deposits in the world

The grades of salt-lake lithium projects range from 400 mg/L to
1200 mg/L (lithium metal, as shown below) (Fig. 1-4). Their ore reserves
(brine) range from 120 million to 1.1 billion cubic meters. The grade of
lithium ore for larger projects is relatively low in the overall trend, and

vice versa.

4. Lithium resource potential
The salt-lake brine type lithium deposits are mainly distributed in the
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Lithium Triangle of South America, the Qinghai-Tibet Plateau of China
and the western United States. Due to the harsh environment associated
with high mountains and deep basins in these regions, a large number of
salt-lake brine type lithium deposits have not been systematically

explored, and the potential for lithium resources is great.
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Fig. 1-4 Reserve tonnage vs. grade model of salt-lake type lithium deposits in the world

Pegmatite type lithium deposits are widely distributed in orogenic
belts of various geological periods in the world, so there is a huge
potential for prospecting. For example, the central region of
Nuristan-Pamirs in the central and western Afghanistan, is the world's
largest potential area for pegmatite type lithium resource. Due to its huge
resource potential, it has been nick-named as the "Arabian lithium"
according to the reports from the United States. In addition, the stable
cratons in Africa (such as the Congo Craton) and the Guyana Shield in
South America are also very important potential areas for pegmatite type
lithium deposits.

The resource potential of clay type lithium deposits in the western
United States is also great. There are thick lithium-bearing clay layers in

the Clayton Valley, Big Sandy, Burro Creek, and Thacker Pass, which
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have a total lithium resource potential of more than 10 million tons. The
borders between western Mexico and the United States are also potential
areas for clay type lithium deposits with promising prospecting.
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Cobalt (Co)

1. Types and distribution of cobalt resources

There are three main types of cobalt deposits in the world: (1)
Sedimentary Cu-Co deposit; (2) Laterite Ni-Co deposit; and (3)
Magmatic Ni-Cu(-Co-PGE) deposit. Other types of cobalt deposits
include (4) Black shale hosted Ni-Cu-Zn-Co deposit; (5) Skarn Fe-Cu-Co
deposit; (6) Iron oxide copper gold type (IOCG type) Cu-Au
(-Ag-U-REE-Co-Ni) deposit; (7) Metamorphic sedimentary hosted
Co-Cu-Au deposit; (8) Mississippi type Pb-Zn (-Co-Ni) deposit; (9)
Hydrothermal metasomatic vein type Co-rich polymetallic deposit; (10)
\olcanic massive sulfide type Cu-(Zn-Co-Ag-Au) deposit; and (11)
Co-rich Fe-Mn nodules and crusts on the seafloor.

The global cobalt resources are relatively scarce. Most of them occur
as associated element in the deposit. In terms of quantifying the total
resource, cobalt resources are mainly distributed in Congo (DRC),
Indonesia, Australia, Canada, Philippines, Zambia, and New Caledonia.
The distribution of cobalt resources in Congo (DRC) presents a highly
concentrated feature, as the country is the most important cobalt resource
distribution area in the world, and the Central African Copper-Cobalt Belt
to its south accounts for nearly half of the world's cobalt resources.

The mining of sedimentary cobalt deposits is mainly concentrated in
the Congo (DRC), followed by Zambia; whereas the mining of laterite
cobalt deposits is mainly concentrated in countries near the Equator,
where cobalt is developed as an associated element of nickel, typically in

Australia and Indonesia. The development of magmatic cobalt deposits is
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widely distributed around the world, classically in Australia, Canada, and
Russia, where cobalt is recovered as an associated element.

2. Reservesand resources

(1) Reserves

By the end of 2020, 1202 cobalt projects were recorded in the world,
of which 59 have reserves, and are distributed in 20 countries (Fig. 2-1).
The estimated global cobalt reserves are 6.68 million tons, which are
mainly distributed in Congo (DRC) (44.46%), followed by Indonesia
(16.02%), and Australia (9.73%) (Table 2-1). China's cobalt reserves are
130,000 tons, accounting for 1.95% of the world's total. The sedimentary
cobalt deposits are the most important type of cobalt deposits, with
reserves accounting for about 50.53%, followed by Ilaterite cobalt
deposits accounting for 40.02% and magmatic cobalt deposits accounting
for 7.01%.

Table 2-1 Major countries with cobalt reserves in the world (2020)

No. Country Reserves (1,000 metric tons) Percentage in the world
1 Congo (DRC) 2,970 44. 46%
2 Indonisia 1,070 16. 02%
3 Australia 650° 9. 73%
4 Cuba 250 3. 74%
5 Canada 190 2. 84%
6 Cameroon 180 2.69%
7 China 130 1..95%
8 New Caledonia 120 1. 80%
g e 100 1. 50%

Philippines
10 Madagascar 100 1. 50%
11 Others 920 13.77%
Total 6, 680 100. 00%

Note: 1- It contains 530,000 tons of cobalt reserve converted from advanced resources. 2-From the
data issued by Indonesian government in 2019 (Not all the data on the associated cobalt resources
of the laterite nickel projects in Indonesia were collected in this report, so the official data of
Indonesia are cited here); 3-Australia’s official cobalt reserves in 2020 are 560,000 tons.
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(2) Resources

By the end of 2020, 1202 cobalt projects were recorded in the world,
of which 268 have resources, and are distributed in 38 countries. The
global cobalt resources are estimated to be 23.44 million tons, with the
Congo (DRC) resources being the largest (35.24%), followed by
Indonesia (17.70%), Australia (7.30%), Tonga (6.48%) and Canada
(4.78%) (Table 2-2). China's cobalt resources are 440,000 tons,
accounting for 1.88% of the world’s cobalt resources.

Table 2-2 Major countries with cobalt resources in the world (2020)

No.  Country Resources (1,000 metric tons) Percentage in the world
1 Congo (DRC) 8, 260 35. 24%
2 Indonisia 4,150 17.70%
3 Australia 1,710 7.30%
4 Tonga 1, 520 6. 48%
5 Canada 1, 120 4. 78%
6 The Philippines 970 4. 14%
7 Cuba 850 3. 63%
8 Zambia 680 2.90%
9 New Caledonia 490 2. 09%
10 USA 480 2. 05%
11 China 440 1. 88%
12 - Brazil 350 1. 49%
13~ Papua New 330 1.41%
14 Cote d’ Ivoire 290 1.24%
15 Tanzania 230 0. 98%
16 Malaysia 190 0. 81%
17 Russia 170 0. 73%
18  Mexico 160 0. 68%
19  Others 1050 4. 48%

Total 23, 440 100. 00%

Note: 1-From the data issued by Indonesian government in 2019(Not all the data on the associated
cobalt resources of the laterite nickel projects in Indonesia were collected in this report, so the
official data of Indonesia are cited here).
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3. Overview of reserve economy

The apportioned cost of cobalt ranges from US$2.52 to 148.18/ton
based on analysis of tonnage-cost (cost of cobalt mine per ton of ore, as
shown below) of 20 cobalt projects with associated reserves in the world
(Fig. 2-2). In general, there is a reasonable correlation between the scale
of reserves and the costs. The costs of mines with larger reserves are

relatively low.
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Fig. 2-2 Reserve tonnage Vvs. cost of cobalt mines in the world

From a regional perspective, the apportioned production costs of
cobalt mines in various continents are also significantly different. The
cost in Europe, Asia and North America is the lowest, roughly between
US$1.94-37.30/ton, while the cost in Oceania is generally between
US$30-50/ton. The total production cost of cobalt mines in Africa is
clearly differentiated on three levels. The first level has relatively small
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cobalt reserves and the apportioned production cost is less than
US$30/ton, whereas the second level is valued at US$70-100/ton, and the
third level has relatively large cobalt reserves with a cost of about
US$150/ton. Considering the fact that just a few projects have the overall
reserves and cost data, the results of this analysis serve as a reference only.
Although the cost of European cobalt mines in the model is relatively low,
caution should be taken when using it due to the small number of
projects.

The average grade of most cobalt deposits in North America,
Oceania, Europe, and Asia is between 0.01% and 0.15%, and the ore
reserves varies greatly from 0.5 million to 300 million tons, based on the
analysis of the tonnage-grade model from 43 cobalt projects (Fig. 2-3).
The average grade of cobalt projects in Africa is relatively high, with the
average grade between 0.2% and 0.8%, and the ore reserves ranges
between 5 million and 180 million tons, indicating better cobalt resources
in Africa.
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Fig. 2-3 Reserve tonnage vs. grade model of cobalt deposits in the world

4. Cobalt resource potential

The western section of the Copper-Cobalt Belt in Central Africa is
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currently the most concentrated area for cobalt resources in the world.
The area has seen enormous investment and set-up of cobalt projects in
recent years. It is the most potential area for cobalt resources. Countries
near the equator, such as Western Australia and Indonesia, also have a
large number of laterite nickel-cobalt projects under construction in
recent years, which are also highly potential areas for cobalt resource. In
addition, the Fe-Mn-Co nodules and crusts on the seafloor are important
potential cobalt resources for future development.
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Nickel (Ni)

1. Types and distribution of nickel resources

There are mainly three types of nickel deposits in the world, i.e.
sulfide, laterite, and seafloor polymetallic nodules/ crusts. Currently,
sulfide and laterite nickel deposits are the main target for mining.

The global nickel resources are rich and widely distributed in
Indonesia, Australia, Russia, Cuba, Brazil, Philippines, New Caledonia,
Canada, and China. The laterite nickel deposits predominantly occur in
Indonesia, Australia, Philippines, Cuba, Brazil, New Caledonia, and
Papua New Guinea. The sulfide type nickel deposits are mainly
distributed in South Africa, Canada, Russia, Australia, and China. At
present, the global nickel deposits are mainly mined in the

above-mentioned countries.

2. Reservesand resources

(1) Reserves

By the end of 2020, 1153 nickel projects were recorded in the world,
of which 176 have reserves, and are distributed in 26 countries (Fig. 3-1).
The estimated global nickel reserves of 90.63 million tons (Table 3-1) are
mainly distributed in Indonesia, Australia, Russia, Cuba, Brazil, Canada,
and the Philippines. The laterite nickel reserves are 57.4 million tons,
accounting for 63% of the world's total reserves, while the sulfide type
nickel reserves are 33.18 million tons, accounting for 37% of the world's
total reserves. China’s nickel reserves are 3.98 million tons, accounting

for 4.39% of the world’s nickel reserves.
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Table 3-1 Major countries with nickel reserves in the world (2020)

No. Country Reserves (1,000 metric tons) Percentage in the world
1 Indonisia 28, 750" 31.72%

2 Australia 12, 650 13. 96%

3 Russia 7,700 8. 50%

4 Cuba 6, 470 7. 14%

5 Brazil 5,670 6. 26%

6 Canada 5,420 5. 98%

7 The Philippines 4,720 5.21%

8 New Caledonia 4, 090 4.51%

9 China 3,980 4. 39%

10 South Africa 1, 540 1. 70%
11 Guatemala 980 1. 08%
12 Dominica 930 1. 03%
13 Madagascar 790 0.87%
14 Others 6, 940 7. 66%
Total 90, 630 100. 00%

Note: 1-The nickel reserves issued by Indonesian government in 2019 are 71.99 million tons;
2-The nickel reserves reported by Australian government in 2020 are 8.3 million tons; 3-Russia’s
official nickel reserves in 2020 are 8 million tons.

(2) Resources

By the end of 2020, 391 out of 1153 nickel projects in the world
have resources, and are distributed in 37 countries. The global nickel
resources are estimated to be 261 million tons, which are mainly
concentrated in Indonesia, Australia, Russia, Canada, Brazil, New
Caledonia, and the Philippines (Table 3-2). China's nickel resources are

4.1 million tons, accounting for 1.57% of the world’s nickel resources.

3. Overview of reserve economy

Based on the tonnage-cost (cost of nickel mine per ton of ore, as
shown below) analysis of 39 nickel projects with reserves, the costs of
nickel projects range from US$15 to 360/ton (Fig. 3-2), with an
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Table 3-2 Major countries with nickel resources in the world (2020)

No. Country Resources (1,000 metric tons) Percentage in the world
1 Indonisia 60, 710’ 23. 28%
2 Australia 47,020 18. 03%
3 Russia 25,670 9. 84%
4 Canada 23,090 8. 85%
5 Brazil 16, 550 6. 35%
6 New Caledonia 14, 470 5. 55%
7 The Philippines 14, 320 5. 49%
8 Cuba 13, 880 5. 32%
9 Tonga 9, 790 3. 75%
10 South Africa 4,670 1. 79%
11 China 4,100 1.57%
12 Tanzania 3, 660 1.40%
13 Solomon Islands 3,290 1. 26%
14 Papua New Guinea 2, 600 1. 00%
15 Burundi 2, 420 0.93%
16  Columbia 2, 190 0. 84%
17 Greece 2,120 0. 81%
18 Guatemala 1,470 0. 56%
19 Sweden 1, 260 0. 48%
20 Albania 960 0. 37%
21 Madagascar 930 0. 36%
22 Botswana 700 0.27%
23~ Others 4, 950 1.90%

Total 260, 820 100. 00%

Note: 1-The nickel resources issued by Indonesian government in 2019 are 166.93 million

tons.

approximate average of US$130/ton. Overall, there is a strong correlation

between the scale of reserves and the total production cost. The total

production cost of projects with large reserves is lower than that with

small reserves. The total production cost of the above-mentioned nickel

55



projects also includes the production cost of other associated elements in

the projects.
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Fig. 3-2 Reserve tonnage vs. cost model of nickel mines in the world

From a regional perspective, there are significant differences in the
total production costs of nickel projects in different continents. The total
production cost of nickel mines is relatively low in Africa, Asia and
Europe, with the cost of most mines falling below US$150/ton, while the
total production cost of most nickel mines in Oceania is relatively high,
ranging from US$150-300/ton. The total production cost of nickel mines
in South America is medium, mainly between US$150-225/ton. In
contrast, the total production cost of nickel mines in North America is
very different, as the mines with large nickel reserves have the production
costs between US$50-150/ton, and the mines with small reserves have the
production costs between US$225-350/ton.

From the perspective of deposit types, the total production cost of
sulfide type nickel deposits related to stratified mafic-ultramafic
intrusions is relatively low, mostly below US$65/ton, whereas the total
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production cost of laterite nickel deposits spans a large range, mostly
from US$50 to 250/ton, with a few deposits nearly US$300/ton. The total
production cost of other sulfide type nickel deposits related to magmatic
rocks also has a large span, with some mines between US$100-150/ton,
and others between US$250-350/ton.
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Fig. 3-3 Reserve tonnage vs. grade model of nickel deposits in the world

According to the analysis of the model of tonnage-grade from 127
nickel projects, the range of grade is 0.2%-2.6%, mostly between
0.5%-2.0%, with an average of about 1.2%. The ore reserves of nickel
projects are between 3 million and 680 million tons (Fig. 3-3). Generally
speaking, there is no good correlation between tonnage and grade.

From a regional perspective, Asia has the largest amount of nickel
deposits. The average grade and reserve scale of Asian nickel projects are
relatively scattered, with the average grade between 0.5% and 3.0%, and
the reserves ranges between 0.45 million to 300 million tons. The projects
with an average grade of more than 2.0% are mainly concentrated in Asia,
with small number of projects and varying scales of reserves. The average

grade of nickel project in Oceania and Africa is between 0.5%-1.5%,
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generally with large scale of reserves, while the average grade of nickel
projects with different scale of reserves in Europe is between 0.25%-1.5%,
which is slightly lowver.

4. Potential of nickel ore resources

The southern Philippines and northeastern Indonesia (especially in
Sulawesi) are great potential zones for prospecting laterite nickel deposits.
South America and northeastern Africa are potential areas for exploring
copper-nickel sulfide deposits related to the Large Igneous Province. In
the orogenic belt, the post-collisional setting also has the potential to form
copper-nickel sulfide deposits (such as in the Central Asian Orogenic
Belt). The potential of nickel resources In oceanic polymetallic
noddles/crusts is huge, which is an important direction for nickel resource

exploration in the future.
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Tin (Sn)

1. Types and distribution of tin resources

Global tin deposits can be divided into six main types, i.e. porphyry
type, greisen type, skarn type, quartz vein type, cassiterite-sulfide type,
and alluvial type. The alluvial type tin deposits are formed after various
types of primary tin deposits are being weathered and transformed. Most
of them occur in Southeast Asia in the Cenozoic.

The tin deposits are widely distributed in the world. However, they
often occur as “cluster” or "belt". According to the characteristics of tin
deposits, three main tin belts can be recognized, including the giant tin
belt in Rim Pacific Ocean, the intracontinental tin belt in Eurasia, and the
tin belt in central-southern Africa. The tin reserves in the giant tin belt of
the Rim Pacific Ocean exceed 80% of the world's total reserves, and the
mineralization principally took place during Mesozoic and Cenozoic.

The development of tin mine is mainly concentrated in a few
countries, such as China and countries in Southeast Asian (including
Indonesia and Malaysia), Bolivia in South America, and some countries
in Central and Southern Africa.

2. Reservesand resources

(1) Reserves

By the end of 2020, 132 tin projects in the world were recorded, of
which 27 have reserves, and are distributed in 15 countries (Fig. 4-1). The
global tin reserves are estimated to be 3.27 million tons, and are
concentrated in China (23.24%), Russia (13.15%), Brazil (12.84%),
Australia (11.93%), Indonesia (10.40%), and Malaysia (7.65%) (see
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Table 4-1).

Table 4-1 Major countries with tin reserves in the world (2020)

No. Country Reserves (1,000 metric tons) Percentage in the world
1 China 760 23. 24%
2 Russia 430" 13. 15%
3 Brazil 420° 12. 84%
4 Australia 390™" 11.93%
5 Indonisia 340 10. 40%
6 Malaysia 250° 7.65%
7 Congo (DRC) 140 4. 28%
8 Peru 140 4. 28%
9 Morocco 60 1. 83%
10 Kyrgyzstan 20 0.61%
11 Others 320 9. 79%

Total 3,270 100. 00%

Note: 1-The tin ore reserves reported internally and externally by Russian government in 2020 are
1.59 million tons and 200,000 tons, respectively; 2- From Mineral Commodity Summaries 2021
by USGS; 3-1t contains 240,000 tons of reserves converted from advanced resources; 4-Australia’s
official reserves for 2020 are 260,000 tons.

(2) Resources

By the end of 2020, 52 out of 132 tin projects in the world have
resources, and are from 18 countries. The global tin resources are
estimated to be 8.07 million tons, mainly distributed in China (41.88%),
Bolivia (10.16%), and Indonesia (9.29%). Tin resources in other countries

are relatively small (Table 4-2).

3. Overview of reserve economy

According to the analysis of tonnage-cost model (cost of tin mine
per ton ore, as shown below) for 6 tin projects in the world, the cost
ranges from US$60 to 170/ton, with an average approximation of
US$100 /ton (Fig. 4-2). The large-scale tin mines have a total production
cost of less than US$80/ton. The total production cost of the tin mine also
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include the production costs of other associated elements in the mine.

Table 4-2 Major countries with tin resources in the world (2020)

No.  Country Resources (1,000 metric tons) Percentage in the world
1 China 3, 380 41. 88%
2 Bolivia 820 10. 16%
3 Indonisia 750 9. 29%
4 Russia 540" 6. 69%
5 Kazakhstan 490 6. 07%
6 Australia 370 4. 58%
7 Czech 280 3. 47%
8 Peru 230 2. 85%
9 Congo (DRC) 220 2.73%
10 Germany 220 2. 73%
11 Others 770 9. 54%

Total 8,070 100. 00%

1- The tin resources (C2) announced internally by Russian government in 2020 are 530,000 tons.

By analyzing the tonnage-grade model of 29 tin projects, the ore
grades range from 0.1% to 4.2%, mostly less than 1.0%, with an average
grade of about 0.4% (Fig. 4-3). Except for a few projects, the grades of
tin projects in South America and Asia are below 1.0%, with the reserves
between 100,000 and 170 million tons. Spatially, more tin projects are
distributed in South America and Asia, followed by Europe. In terms of
ore tonnage, the ore reserves of most tin projects in Asia are between
100,000 and 4.18 million tons, which are smaller than those in South
America with the ore reserves between 5.85 million and 150 million tons.
Although the number of tin projects in Europe is small and the ore grade
IS not high, the ore reserves are relatively large, ranging from 1.3 million
to 24 million tons. The Bisie tin mine in Africa has a high grade of 4.23%

Sn, with an ore reserve of 3.33 million tons.
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4, Tin resource potential

The formation of primary tin deposits is closely related to S-type
granites or highly-fractionated I-type granites. According to the
discovered tin deposits and the distribution of global granite, it is revealed

that the prospecting potential of global tin resources is still large, mainly
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in Southeast Asia, South America, central section of Tethys metallogenic
domain, and parts of Europe. In China, in addition to the major tin
concentration area in South China where still there is a large prospecting
potential; there have been new findings of large-sized tin deposits in the
south-central part of the Great Xing’an Range and southern Tibet in
recent years. It indicates that these areas have large tin prospecting
potential to supplement the reduction of tin reserves due to continuous

mining.
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Potash (K)

1. Types and distribution of potash resources

There are three types of potash deposits, including sedimentary type,
salt-lake type (Quaternary), and underground brine type. The sedimentary
potash deposits is further subdivided into three sub-types, i.e. chloride
type, sulfate type, and mixed type, according to their main mineral
composition.

The global potash resources are extremely abundant. However, the
distribution of potash resources is very uneven. The world-class potash
basins and super-large potash deposits that have been discovered around
the world are mainly in North America, Europe, South America and Asia,
among which Russia, Canada, and Belarus are the richest in potash
resources. The development of potash projects in the world is also mainly
concentrated in these countries.

2. Reservesand resources

(1) Reserves

By the end of 2020, 306 potash projects in the world were recorded,
of which 48 have reserves, and originate from 15 countries (Fig. 5-1).
The estimated global potash reserves of 12.9 billion tons (KClequivalent,
as shown below) are mainly in Russia (38.16%), Canada (25.38%),
Belarus (10.03%), and Turkmenistan (7.61%), and the rest in other
countries (Table 5-1). China's potash reserves are 317 million tons,
accounting for 2.46% of the world’s potash reserves.

(2) Resources

By the end of 2020, 51 out of 306 potash projects in the world have
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Table 5-1 Major countries with potash (KCI) reserves in the world (2020)

No. Country Resources (1,000 metrictons)  Percentage in the world
1 Russia 4,914,590 38. 16%
2 Canada 3,269, 100° 25. 38%
3 Belarus 1,291, 470 10. 03%
4 Turkmenistan 980, 620° 7.61%
5 China 317,000 2. 46%
6 Laos 237, 360 1. 84%
7 Brazil 228, 800 1. 78%
8 Germany 209, 400 1. 63%
9 USA 82, 480 0. 64%
10 UK 64, 620 0. 50%
11 Others 1, 283, 950 9.97%

Total 12, 879, 390 100. 00%

Note: 1-This reserve contains some potash projects with the sum of categories A+B+CL1 calculated
by using the Soviet reserves classification system, without subdividing them. However,
considering that these mines are mostly in production, these resources/reserves data are treated as
reserves, without deducting the mining losses and dilution. In 2020, the potash (KCI) reserves
reported internal and external by the Russian government were 4.723 billion tons and 1.334 billion
tons, respectively; 2-It contains 1.528 billion tons of KCI equivalent that converted from advanced
resources; 3-Cited from from a visiting report in 2005. It is also the the sum of categories
A+B+Cl1 calculated by using Soviet reserves classification system and mined by the underground
mining method, without deducting the potash reserves consumed by the actual production of the
mine. The category C1 of 278 million tons of KCI measured by underground dissolution method
are not included in this reserve data.

resources, and are from 17 countries. The global potash resources are
estimated to be 43 billion tons, which are mainly concentrated in Russia
(48.79%) and Canada (34.78%), with a small amount distributed in other
countries (Table 5-2). China's potash resources are 430 million tons,

accounting for 1.02% of the world’s poash resources.

3. Overview of reserve economy
The cost ranges from US$7/ton to US$99/ton (ton of ore) was
achieved by analyzing the tonnage-cost model of the 5 potash projects in

the world, with the average cost of nearly US$60/ton (Fig. 5-2). There are
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Table 5-2 Major countries with potash (KCI) resources in the world (2020)

No. Country Resources (1,000 metric tons) Percentage in the world
1 Russia 20, 966, 910" 48. 79%
2 Canada 14, 949, 080 34. 78%
3 Kazakhstan 1,629, 200 3. 79%
4 Republicof the 1, 349, 980 3. 14%
5 (:Jermany 829, 150 1. 93%
6 USA 673, 560 1.57%
7 Belarus 718, 890 1.67%
8 Brazil 472, 240 1. 10%
9 China 436, 600 1. 02%
10 Angola 282, 560 0. 66%
11 Others 668, 380 1. 56%

Total 42,976, 550 100. 00%

Note 1: In 2020, the potash (KCI) resources announced internally by the Russian government are

20.92 billion tons.

few associated components in potash deposits. So, the total production

cost is often the cost of potash production. Generally, the correlation

between the scale of reserves and total production costs is not strong.
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Fig. 5-2 Reserve tonnage vs. cost model of potash mines in the world
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Based on analyzing the tonnage-grade model of 50 potash projects,
the ore grade range of potash is 10%-50% KCI, with an average of about
25% KCI (Fig. 5-3). The potash ore reserves are between 1 million tons
and more than 10 billion tons. In general, the differences of average grade
and reserve scale between different potash projects are very large. The
number of potash projects that have reserves is relatively small in
Oceania, Africa, South America, and Asia, with the average grade of
potash mostly between 10% and 30%, and the ore reserve between 18

million and 2.8 billion tons.

4. Potash resource potential

The “Belt and Road” regions spanning the metallogenic domains of
Laurasia, Tethys, and the Circum-Pacific, are rich in potash resources
along the route, and have great potential for potash resources. The main
potash-forming basins include Karakum Basin, Pre-Caspian Basin,
Khorat-Sakon Nakhon Basin, Vientiane-Gammun Basin, Danajir Rift

Basin, Zeichstein Basin, Piripyat Basin, Pre-Ural depression, Qaidam
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Basin, and Lop Nur Basin. In addition, the potash deposits have been
discovered in the Cotier Basin (also known as the coastal basin) in the
west of the Republic of Congo and the Gabon Basin in Gabon, with the
former being estimated to have KCI equivalent resources of more than 10

billion tons.
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Appendix

1. Explanation of terms
Reserves: An economically recoverable part of the proven mineral resources. It
is used in this report as follows:

(1) Based on the CRIRSCO reserve classification, the collected
reserve data include proven reserve and probable reserve.

(2) Part of high-level resources in some mining projects will be
converted into reserves by adopting certain evaluation methods as
needed.

(3) China's mineral resource and reserve classification has not yet
completed the conversion from GB/T17766-1999 standard to GB/T
17766-2020 reserve classification. Therefore, this report evaluates the
latest resources and reserves data under the original standard according to
their availability.

Resources: A mineral resource is identified by certain engineering control. It is
used in this report as follows:

(1) Based on the CRIRSCO classification, the resource data
collected include measured, indicated and inferred resources, and exclude
potential resources such as predicted resources.

(2) The amount of resources in China is in accordance with the
amount of resources of (333) and above in the original standard.

(3) Reserves and resources in this report do not include each

other; thus, resources do not include reserves.

2. Data source

The resources and reserves data in this report were updated up to the end of 2020.
A total of 3,168 mining projects worldwide, including mines in production and

out of production, mining projects under exploration, pre-feasibility studies, or
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feasibility studies, for the above five minerals were collected from multiple sources,
such as company reports (including annual/reserve reports, exploration reports,
company websites/internal reports), commercial databases, government or official
websites, and literature, in an effort to ensure that no large or medium-sized mining
projects are missed out. The data collected are mainly from the company reports and
data published by the governments.

Of the 3,168 mining projects recorded, 987 have resources/reserves data, which
are verified by multiple parties to ensure its authenticity, timeliness, traceability, and
updatability. Theoretically, it is impossible to collect the reserve data of all the mining
projects in the world. Therefore, the mathematical statistical method is adopted to
establish a reserve distribution model and estimate the proportion of uncollected and

missing reserves.

3. Technical routes for evaluation and methods for processing

special data

(1) Technical routes for evaluation

Multi-channel data collection (to ensure that the data collection is comprehensive
and true) —screening and verification (remove abnormalities, inspect and verify data,
and ensure data reliability) —reserve/resource data standard transformation (data
standard transformation in different reserve classification systems) —part of resources
are converted to reserves—model analysis (inferring the proportion of uncollected
reserves through the mathematical model of reserves distribution)—statistical

summary (national distribution of reserves and cost-quality analysis, etc.).
(2) The principle of converting resources to reserves

For some mining projects that have actually been mined, but only published
resources data, an assessment was carried out by converting resources to reserves.
During conversion, different categories of resources are converted to the “reserves”
together, which are not subdivided into proved and probable reserves. Based on the
economic assessment of the actually mined resources, the reserve conversion is
carried out if the result is economically recoverable. Here is the conversion formula:

Reserve = (Measured + Indicated) resource * average recovery rate AERR

72



The average recovery rate AERR here refers to the average recovery rate of a
typical mine in the model.

Once the resources are converted to reserves, it cannot be double-counted in the
resource category, i.e. the resources that have been converted will be deducted from

the final resources.

(3) Methods for processing special data

Due to the lack of reserves data in some of the productive mines , the method of
converting resources to reserves introduced above was adopted to convert some or all
of the high-leveled resources into reserves, including 12 lithium projects, 5 cobalt
projects, 1 potash project and 1 tin project in this report.

With regards to the 7 potash projects, the collected resources and reserves data
are the sum of categories A+B+C1 based on the Soviet reserves classification system,
without subdividing them. However, considering that these mines are in production,
these resources/reserves data were treated as reserves, without deducting the mining
losses and dilution.

The Indonesian cobalt resources and reserves data are cited from the publication
by the Ministry of Energy and Mineral Resources of Indonesia, and not from the
mining projects in Indonesia.

The domestic reserves and resources data for these five minerals were obtained

by reassessment using data from the 2020 National Mineral Reserves Report.
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