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Abstract

The import amount of rare metal in Korea is about 6,034 million USD, but the self-sufficiency of rare metals is about only
1%. In order to secure the stable supply of rare metals, it is necessary to operate an efficient stockpile system. In this study, we
established a system to assess the adequacy of stockpiles by quantifying the risk factors of tangible and intangible risks in order
to establish an efficient stockpile strategy. The model developed in this study aims to select the rare metals that need to be stock-
piled first and to suggest the direction of the stockpiling policy in accordance with technological change and market change from
the mid and long term viewpoint. The evaluation results derived from the model can quantitatively measure the security level
of each rare metal and enable relative comparison between the rare metals using criticality matrix. Therefore, it is expected that
more efficient stockpile policy will be possible if the proposed model is utilized in the future policy making.
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Table 1. Comparison of stockpiling between Public Procurement Service and Korea Resources Corporation

Public Procurement Service

Korea Resources Corporation

MOSE : Support for stockpiling of the Public Procurement

MOTIE : Stockpile using Energy Special

and Rare

Lithium, Tantalum, Strontium, Bismuth), Nonferrous Metal

Department Service by using the budget of the Ministry of Stragegy and Aaccounting
finance
Purpose Economic stockpiling for price stability and emergency Strategy reserves for emergencies
preparedness
15 minerals(18 items) : . . .
. Aluminium, Copper, Zinc, Lead, Tin, Nickel, Rare . 10 minerals(11 1t.em.s) ’ .
Stockpile Metal(Silicon, M N Cobalt. Vanadium. Indium Chromium, Molybdenum, Niobium, Antimony,
Minerals o con, hvanganese, Loball, vanadium, um, Tungsten, Titanium, Selenium, Rare Earth, Gallium

Rare, Zirconium

Purchase and
Release

— Purchase after annual demand survey
Sales according to market conditions
(small businesses & export company first sale)

Strategic stockpile planning, purchase according to
market situation,
Emergency (war, natural disaster, interruption of
supply, surge in price, etc.)
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rare unlikely possible likely certain
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,systemic risk’
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metals for stockpiling
!

[ Selection of candidate rare ]
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A . Economic
Supply risk Vulnerability Importance
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Import volume

: Supply rigidity + Domestic demand

« Import dependency

« Political stability L fluctuation
* Global demand * Avsllt?tl":hty of Importance of
fluctuation substitutes industry
L * J
[ Threshold Selection ]

Assessment of stockpile
adequacy using criticality matrix

Fig. 2. The framework for evaluation system for rare metals
stockpiling.

Price
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Fluctuation

Supply
Rigidity Production
Method

Availability of Substitutes

Supply RISK

Political Stability
Supply
disruption
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=
=

Import Dependency

Import volume
To select economically
important minerals with
high ripple effect in
domestic industry.

Domestic demand
fluctuation

Economic
Importance

Suitability of Demand
Industry

Fig. 3. Structure of the indicators for the evaluation system.

Criticality Matrix as defined by the NRC

high: 4

Vulnerability
(economic importance with
consideration of substitution potentials)
\Scale of damage due to supply disturbance’

low: 1 2 3 high: 4
Supply risk
in the context of the likelihood of supply disruptions

Fig. 1. Criticality matrix for security evaluation of mineral resources.
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Table 2. Evaluation indicator for supply risk

Indicator

Evaluation Index

Explanation

The share of the top three production country

Global Reserves &
Supply Concentration

The share of top 1 production country

Measure of market concentration

The share of the top three country in reserves

Political Stability

sy Ajddng

SWN I(Adjusted Shannon-Wiener Neumann
index)—Supplying country risk

Political instability of supplying countries

Global Demand
Fluctuation

The rate of global demand increase (%)
(2010~2015)

Possibility of supply imbalance due to
global demand expansion
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Table 3. Evaluation indicator for vulnerability

Indicator Evaluation Index Explanation
. . Comprehensive assessment of dependence on
Import — Presence of domestic supply companies . . .. L . .
. importing countries, instability of importing
Dependency — SWN I-Import country risk . .
countries, and domestic supply
E Production Method(from Concentrate,
5 Supply by-product) Assessing the possibility of Supply Interruption
& Rigidity caused by physical and economic exhaustion.
§ Recyclability(A)
the substitutability of the minerals Possibility of substitution with other minerals if
substitutability | * Reflects technical characteristics and demand | certain minerals have physical and economic supply
industrial characteristics problems
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Table 4. Production method of rare metals

Production Method of Rare Metals

Rare Metals

@ Concentrate

W, Ree, Ni, Cr, Mn, Sr, Sb, Zr, Li, B, Ba, Cs

@ By product of Copper & Zinc Smelting

Co, Ge, Re, Ga, Se, Te, Bi, In, Tl, Hf

O+@

Mo, V, Nb, Ta, PGM, Ti, Be
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Table 5. Substitutability index

Scale A<03 03 <A<05 05 <A<07 07 <A<09 09 <A
Five point 1 2 3 4 5
Bismuth Powder, Bismuth Ingot,
Ferro Vanadium, Ferrosilicon
Vanadium Pentoxide, Cobalt Ingot Germanium Oxide, . .
. - Indium Ingot, Lithium
Item Hafnium, Cobalt Powder |Ferrosilicon Manganese, Carbonate. Platinum
Tellurium, Strontium Carbonate Ferro Manganese T ’
. . Palladium
Crystalline Graphite,
Amorphous Graphite
Table 6. Evaluation indicator for economic importance
Indicator Evaluation Index Explanation
Amount of annual import (thousand dollar)
Import Volume Measuring market size
Annual import weight (tonne)
Domestic Demand .. . The extent to which the domestic market is
. Domestic import increase rate (%)
Fluctuation enlarged or reduced
Economic -
Importance — Type of enterprise
— Economic importance of the demand .. .
o - The economic impact of the industry type and
Suitability of industry . .. .
demand industry on the domestic industrial
Demand Industry
7= Z GDP; 100 structure
/ GDP
A5e BUE AVSET. Al ZFsAe B AT 8 ASelE S8 WEEe] dudow k) o)g 3
7‘01]/‘1 Al 7ks 3ol 7F A A &go] v B QoL Y FENE G AS Loz 9F
S Sl AR S ) R gel oAk ZReel ek ek & dgeldis olefe A4
SA5E Ve g WA AR WP AY A 542 ws) 98 FY EY S 2AL F
k- Fetel 9184 Bleldnt
3.2.3. AA¥ %22 (Economic Importance) 3232. =W 2 2 (Domestic Demand Fluctua-
AAZ AL g F=o] ) AAoA xR 5} tion)
t 3258 245k ARl AAE FaHe 7Y

U 2 #7X4(domestic
demand fluctuation), 4843|234 (suitability of
demand industry)S F3sl] APdSiCh ©l3 Table 6
< BAH F84E ske WrRE 2 We-S UE

k=

T+ E(import  volume),

3.2.3.1. FYFE(Import Volume)
54 2EY FYUHETE F4F Y FEo] A
A 2R ek 843 SUEnh a5 4,
I

7F @A)

A Foltt. AHF A&
7b FaEAY ﬂrﬂ&]“ i -g— 3 7}3) 3
E(compound annual growth rate)g S3 H7}Eth
A EECl =S AT T FEQ FF FAH

T84 7RIt

3233. 7849l A 3 (Suitability of demand
industry)
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Table 7. Rating scale for importance of industry

- Major Company Major Company Small Company Small Company Small Company
Criterion
A <70 70 < A A <50 50 <AZT70 70 < A
Five point scale 1 2 3 4 5
Table 8. Evaluation indicators and scales for selecting rare metal stockpiles
Five Point Scale
Indicator Evaluation Index
1 2 3 4 5
The share of the top three A<30 30<A<50| 50 <A<70 0<A<90 | 9 <A
production countries - =3 > =7 7 -
Global
Reserves and The share of top A <20 0 <A<d0| 40 <A<60 | 60<A<s0| 80 <A
» Supply production country - - - -
E_ Concentration The share of the top three A =30 0<A<50]50<A<70 |70<A<00]| 9 <A
= country in reserves - A= A= -
= Political SWN I-Supply Country 500 <A< 1000 < A < 1500 < A <
Stability Risk A <500 1000 1500 2000 2000 = A
Global Demand The rate of demand
. . 0 A<0 0<A<5 | 5<A<10 |[10<A<25| 25<A
Fluctuation increase (%)
Supply Production Method and | by-product + | concentrate concentrate by-product by-product
Rigidity Recyclability(A) concentrate 25< A A <25 25< A A <25
— Presence of dorpestlc Dome§t1c No domestic | No domestic No domestic No domestic
Import supply companies Supplier compan compan company compan
s Dependency — SWN I-Import country operating pany pany 1000 < A pany
& . A <2000 A < 1000 2000 < A
& risk A < 2000 < 2000
o
Z The substitutability
< of the minerals
. .. * Reflects technical
Substitutability characteristics and A<03 |[03<A<05/05<A<07[07<A<09| 09<A
demand industrial
characteristics
Amount of annual import < 1.000 1,000 < A <| 20,000 < A 100,000 < A 200,000
(thousand dollar) A=l 20,000 < 100,000 < 200,000 <A
Import Volume
Annual import volume < 100 100 < A< | 1,000 < A< 10,000 < A 50,000
& (tonne) A= 1,000 10,000 < 50,000 <A
Q
§ Domestic Domestic import increase
& Demand rate (%) A <-10 FO<A<0| 0<A<I10 |[I0<A<25| 25<A
g Fluctuation (2010~2015)
=
§ — Type of enterprise
8 Suitability of ;f]i;(;n(;?rfarlltllpiiﬁirsltce Major Major Small Small Small
Demand Ty Company Company Company Company Company
Industry GDP A <70 70 < A A <50 S0<A<T70| 70 <A
GDP

—
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UEeRATE, o TabledX A= AFE9] 8% (importance
of industry)S ERATE,

a2 4o 7R &, A 8w oigt a9
olt}. 4He] FaEE ofef ¥ ol AA A=Y
GDPHH] 2& i7} FY== 2199 GDP HIFS &3l
APgELE T oA FaES] KA e

Critical
Material

[Supplyrisk x Vulnerability

Ak, -
n
GDP;
Importance of Idustry(A) = —— x 100 1 , |
— GDP
i 1 2 3 4 5
I = Economic Importance
i@ 82, j 3%, GDP : AxY GDP, GDP : Fig. 4. Criticality matrix for critical material selection.
a2t el GDp
A3l 2 oA =olgh A} AR Wt 7IES
324. T AE F4 Rttt o}2 Table 834 o] 3llg H7HAAl= & 97N
Th: Table 8 34 =& HISHAY W7 AAE o] i A 7 Axe 58 A== P
Table 9. Results of supply risk assessment
Supply Concentration
. Global
The share of The share of | The share of the Pollt.u-:al Demand Ov?rall
Overall the top three top production | top three country | Stability Fluctuation Risk
production country country in reserves
Bismuth Powder 33 3 3 4 3 3 3.1
Bismuth Ingot 33 3 3 4 3 3 3.1
Cobalt Ingot 33 3 3 4 5 3 3.7
Cobalt Powder 33 3 3 4 5 3 3.7
Germanium Oxide 4.0 4 4 - 4 3 3.7
Platinum 4.7 5 4 5 4 1 34
Ferrosilicon 4.0 4 4 0 4 2 34
Ferro Vanadium 43 5 3 5 4 3 3.8
Vanadium Pentoxide 43 5 3 5 4 3 3.8
Hafhium 33 4 2 4 3 2 2.8
Indium Ingot 35 4 3 - 4 2 32
Lithium Carbonate 4.0 4 3 5 3 2 3.1
Ferrosilicon Manganese 2.7 3 2 3 3 3 29
Ferro Manganese 2.7 3 2 3 3 3 29
Palladium 3.7 4 2 5 3 2 3.0
Tellurium 2.0 - - 2 3 1 2.0
Crystalline Graphite 43 4 4 5 4 3 3.8
Amorphous Graphite 43 4 4 5 4 3 3.8
Strontium Carbonate 4.0 5 3 - 4 1 3.1

AAEe1EE A 27 A A 3 F, 2018
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Table 10. Results of vulnerability assessment

Supply Rigidity Import Dependency Substitutability Overall Risk
Bismuth Powder 5 1 2 2.7
Bismuth Ingot 5 2 2 3.0
Cobalt Ingot 4 5 3 4.0
Cobalt Powder 4 4 3 3.7
Germanium Oxide 5 4 4 43
Platinum 1 1 5 23
Ferrosilicon 3 2 5 33
Ferro Vanadium 1 4 2 23
Vanadium Pentoxide 1 5 2 2.7
Hafhnium 5 5 2 4.0
Indium Ingot 5 1 5 3.7
Lithium Carbonate 1 4 5 33
Ferrosilicon Manganese 2 2 4 2.7
Ferro Manganese 2 2 4 2.7
Palladium 1 1 5 2.3
Tellurium 5 1 2 2.7
Crystalline Graphite 1 5 2 2.7
Amorphous Graphite 1 5 2 2.7
Strontium Carbonate 3 4 3 33

J. of Korean Inst. Resources Recycling
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Table 11. Results of economic importance assessment

Import Volume Domestic Demand Importance .

Amount Weight Fluctuation of Industry Overall Risk
Bismuth Powder 2 2 3 3 2.5
Bismuth Ingot 1 1 1 3 1.5
Cobalt Ingot 2 2 4 4 3.0
Cobalt Powder 3 2 2 4 2.8
Germanium Oxide 2 1 2 3 2.0
Platinum 1 1 1 3 1.5
Ferrosilicon 3 2 3 2 2.5
Ferro Vanadium 3 4 4 5 4.0
Vanadium Pentoxide 3 5 3 1 3.0
Hafnium 2 3 1 1 1.8
Indium Ingot 5 1 2 4 3.0
Lithium Carbonate 4 1 3 4 3.0
Ferrosilicon Manganese 5 5 2 1 33
Ferro Manganese 1 1 2 3 1.8
Palladium 3 3 3 1 2.5
Tellurium 3 3 3 4 33
Crystalline Graphite 2 4 2 3 2.8
Amorphous Graphite 2 4 1 3 2.5
Strontium Carbonate 2 3 1 3 23
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Table 12. Results of overall

A

risk assessment

Supply risk (1) Vulnerability (2) (1) x(2) Economic Importance
Bismuth Powder 2.9 2.7 2.5 2.5
Bismuth Ingot 3.1 3.0 1.5 1.5
Cobalt Ingot 39 4.0 3.0 3.0
Cobalt Powder 3.7 3.7 2.8 2.8
Germanium Oxide 4.0 43 2.0 2.0
Platinum 34 2.3 1.5 1.5
Ferrosilicon 34 33 2.5 2.5
Ferro Vanadium 32 23 4.0 4.0
Vanadium Pentoxide 2.8 2.7 3.0 3.0
Hafnium 2.8 4.0 1.8 1.8
Indium Ingot 2.6 3.7 3.0 3.0
Lithium Carbonate 2.8 33 3.0 3.0
Ferrosilicon Manganese 34 2.7 33 33
Ferro Manganese 3.7 2.7 2.8 2.8
Palladium 23 23 1.8 1.8
Tellurium 3.0 2.7 2.5 2.5
Crystalline Graphite 32 2.7 33 33
Amorphous Graphite 32 2.7 2.5 2.5
Strontium Carbonate 32 33 2.3 2.3
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Critical
Rare Metals
§ Cobalt Powder
E 4 —] Germanium Oxwde.
E Strontium Carbonate —____ quobalt Ingot
Q | re
§ Hafnidm u Amorphos® aphltea’ IndiumIgot Ferrosilicon S
N « Crysotalfine Lithium Carbonate
% 3.0 7 Bismuth Ingot grapie Evanadium Pentoxide
2 . Ferro-Vanadium Ferro Silicon Manganese
2 ; wder L~ Platinum
] Ferro Manganese gt Nt palladium
3‘ w Tellurium
[
U 2
S Rxl>9
e
o
Low 1 |
1 2 3.0 4 5.0
Low High
| = Economic Importance
@ IndiumIngot N Crysotalline Graphite A Platinum @  Germanium Oxide
@ Cobalt Powder Amorphous Graphite == Tellurium @  Strontium Carbonate
> cobaltIngot L Palladium ¥ Ferrosilicon &  Ferro Manganese
¢ eismuthpowder M LithumCarbonate B2 Vanadium Pentoxide @ Ferro Sjicon
¢ Bismuth Ingot | Hafnium B  Ferro-Vanadium agRnes

Fig. 5. Results of critical rare metals assessment using criticality matrix.
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