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Progress of discussion on criticality index of metals

DOE matrix
(importance) 
x( supply risk)

Criticality has Different two concepts

Criticality for global 
sustainability

Criticality for supply chain
= supply chain risk 
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Line B
y = 0.0064x + 440

R2 = 0.4506

Line A
y = 0.056x

R
2
 = 0.9501

0

100

200

300

400

500

600

700

800

900

0 10000 20000 30000 40000 50000

1960

1970

1980

1990

2000

y = 9.01E-04x

y = -3.13E-05x + 6.74E+00

0

1

2

3

4

5

6

7

8

0 10000 20000 30000 40000 50000

y = 3.91E-05x

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

0 10000 20000 30000 40000 50000

y = 2.19E-03x

y = 0.0057x

0

50

100

150

200

250

0 10000 20000 30000 40000 50000

Fe Zn

Si R.E.

GDP per capita ($) 


m

e
ta

l c
o
n
s
u
m

p
tio

n
 p

e
r c

a
p
ita

(k
g
)

Fe-type: weakly de-coupled

Al, Ni, Mo, Ag, Sb
Zn-type: de-coupled

Cu, Sn, Pb, W, Cr, Mn, Au

Si-type: still coupling     Pt, Co R.E.-type: further coupling   Li, In, Ga

Four types of the two step line model of metal consumption v.s. GDP per capita



0.0

0.5

1.0

1.5

2.0

2.5

3.0

Fe Au Cu Al Sn Ni Pd Pt Ga In Co Mo Sb Cr Li Mn RE W Zn Pb Ag

A
cc

u
m

u
la

te
d

 c
o

n
su

m
p

ti
o

n
 /

 r
e

se
rv

e
 a

m
o

u
n

t

reserve



Progress of discussion on criticality index of metals

DOE matrix
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x( supply risk)
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Resource(-end)-view weight

extraction

Metals

11,800km

6kgconcentrates 300kg ore1kgmetal

transport

mining

? t

Consumer end Resource end

TMR: Total Materials Requirements, or Ecological rucksacks 
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Progress of discussion on criticality index of metals

DOE matrix
(importance) 
x( supply risk)

Criticality has Different two concepts

Criticality for global 
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These 15 years was turbulent fifteen years for strategic metals

Co and TI has grown  to 3 times.

Li, Mn, Si, Mo, Mg,Nr, Fe 
narly 2 times or moee

Only Sr and Ta has decreased

It had taken 36 
years for Fe to be 
produces double 

intil 2000



Fig.1 meta production index (1945base)



Prices have changed more drastically

Not linear,
Logarithmic 

scale
Maximum peak 

of Nd was 60 
times

Co keeps 
nearly two 

times of price



Only 7/47 kinds 
of metals  are 
cheaper than 
yearvof 2000

Only 14/47 
are under 2 

times

From several dozens times to more than a hundred times of price swing occurred 
In these 15 years.

16

■Current prices compared 
with prices at vear 2000

□maximum variation ratio

Prices stays higher level comparing the prices at the beginning of this century



World 
war I

World 
war II

Oil shock

now

17

Historical resource price  from 1900

We had three peaks of prices 
during the former century

After the peak, prices shifted higher levels



What is happening ?  What will come after?

Shift form the structure of the 20th century 
to the 21th century.

From trilateral structure of EU, US, JP
to universal power economy through “the 

factory of the world” 
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72 Fe 2012 B$
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Cu 2012 B$

47.3
4.2

6.6

26.5

264
0.4

1.5

2.5

2.1

1.4

2.8

3.6

1.8

1.3
0.7

0.3

2.5
1.8

1.5

2.5

1.3

2.3

1.3

1.5

2.7

1.7
1.6

2.4

314

1.8

2.1

4.0

3.7

2.8
5.8

3.8

3.3
2.8

2.7

1.7

1.4
VN

12.1

3.2

2.8

2.5

2.2

2.1

CD

.8 2

1.9

1.8

1.4

1.5 AU

CN
CH

BE

CZ

DE

ES

FR

HK

JP

KR

MX

RU
US

GB

CA

PL

AT

MY

SG
SA

SE

ND

NZ

FI

BR

TH

HU

TR

UA

IR

CL

IN

ID AR

ZM



2601 iron ore 1992 M$

766

3193180

1425

880

426

263

119

109

268

178

168

150

482

25

74

2013

1320

427

243

440

2381

461

273

171

138

99

56

47

32

20

15

832

628

406

231

218

179

150

135

116

AU

CN

CZ

DE

ES

JP

KR

PH

US

ZA

CA

MY

SG
SA

SE

ND

NZ

FI

RO

BR

HU

TR

CL

IN

ID AR

PE

VE



AU

CN
CH

BE

CZ

DE

ES

FR

HK

IT

JP

KR

MX

PH

RU
US

ZA

GB

CA

PL

AT

LX

NO

CO

MY

SG
SA

DM

IE

SE

ND

NG

PT

LB

LT

DK

NZ

SV

GT

KZ

FI

E

IS

RO

MK
SI

BA

KW

BR

IL

TH

BY

HU

GR

TK PK

UA

MA IQ

AE

DZ

YE

MD

SY

SK

CL

IN

ID AR

PE

PG

SR

MN

TZ
GH

MZ

VE

CU

ZWBW

BG

NC

AL

IR

HR

2601 iron ore 1992 M$

766

BN

EZ

3193180

1425

880

426

263

119

109

268

178

168

150

482

25

74

2013

1320

427

243

440

2381

461

273

171

138

99

56

47

32

20

15

832

628

406

231

218

179

150

135

1162601 iron ore 2012 B$

New flow is capped on the 
old trilateral structure



Still importing

China changed to 
exporting country
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China share rate in each country’s import
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China exports products to developing countries all over the world as “the factory 
of the world.

Behind the concentration of resources to China, the requirement of developing 
countries exists widely. 



What has changed ?  

The world average GDP / person 
has reached $10,000.





World GDP / person 

Almost metals consumption have developed 
linearly to GDP/capita until now



Fe consumption / capita v.s. GDP/ capita from 1994 to 2014

Exporting 
countries

Consuming 
countries

Developed
level

$10,000 /capita



Almost of prepotent
countries will north of 
$10,000 / capita in 2030

We will reach 100 billions’ universal economy in 
this century, and we at the entrance now.



Following 
countries,
cannot be 
estimate

Consumption 
prediction 

with 
concerning 

only  
prepotent
countries

Every country 
reaches 

developed 
level of 

consumption 
per capita

metal Fe Cu Co

Consumption/year
at 10Gperson world

4.5Gton/year 90Mt/year 224kt/year

Reserve 87Gton 700Mt 7.2Mt

c

c

Rough forecast gets to be simpler,  
(population) x (developed consumption level)



Co



Are the reserves  enough for the 10 billions’   universal economy?

metal Fe Cu Co

Consumption/year
at 10Gperson world

4.5Gton/year 90Mt/year 224kt/year

Reserve 87Gton 700Mt 7.2Mt

19 years 8 years 32 years

It is said that reserve increase when the price rises. 

Prices had risen in these dozen of years.
How are reserves? 



Transition of reserve and price  of metals

It looks like  
soaring 
trend,
but



Reserve ratio to annual consumption is 
decreasing



Price could not raise up the ratio of
(resource amount ) / 

(annual consumption) 



Sustainable reserve development line 

pessimistic

sufficient

New exploration of 
natural resource 
cannot be expected 
so much.

What can solve it?



2012 2100 2012 2100 2012 2100
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The circulation society must 
be promoted from right now.

Estimated accumulated consumptions till 2100 
with simple assumption of linear growth
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28%

35%





Different circulation society of EU/Africa from JP/Asia
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Recycle the 

Residue goes  as E-waste.
鴉食リサイクル(yashi -recycle) crow-eating recycle

e-waste

Collect in the 

name of Re-use

Cherry picking

Eat messy.

In hidden place



Structure of the issue of E-waste 
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collection

concentration

extraction

miming

benefication

smelting

consumer lode

Material Flow Analysis exploration

Primary metalsecondary metal



Disassembling, separation and concentrating bring higher value.

Au,Pt等 Pd,Ag等 Sn,Ni,Co等 Ta等 W等 Nd等

Cu

Electric 
board

LCD (In)

(major parts are plastics )

disassemble

separate

concentrate

Urban Beneficiation (選鉱) rises the value.

To produce Urban Concentration(都市鉱石)





Only 10 seconds
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液晶

基板

Ag 0.05%
Au 0.02%
Co 0.06%
Cu 5%
Dy 0.003%
In 0.0015%
Nd 0.02%
Ta 0.04%
W 0.025%

スラグ

セメント



より

One container Mobile plant 
, which makes the treatment possible where is no facility.



Thunder birds in the recycling society 

This is a factory. WE 
have waste with rare 

metals

OK!  We’ll go and 
separate it.

No taking with and Less waste

Hazardous substances 
Are separated there at

Without special facilities

Available metals goes back 
To the process

Sotrage can 
be permitted 

there 

http://www.s40otoko.com/wordpress/wp-content/uploads/2012/04/00355.jpg
http://www.s40otoko.com/wordpress/wp-content/uploads/2012/04/00355.jpg
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⑨it should be circulated!!!
as Fine Chemical Recycle

⑧ sold in the market as secondary metal ingot

②High-tech manufactures① resource  from all over world ③produce high-tech products

⑤dismantle  

⑥full separate
full recycle 

④co
llect EO

Ls

⑦smelt to metal

Rout of electric appliance recycle

⑤partial reuse 

Urban
cobcen

trate

plastic, iron etc.
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Fine chemical recycle of Co from LiB

Metallic cobalt
約¥4000/kg

Cobalt oxide
約¥9000/kg Co LI oxide

高純度抽出

Leaching  with containing Na

electrolysis

Metallurgical recycle

Fine Chemical Recycle



Recycling goes back to supply chain
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Raw material citizn

Local 
government
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High-tech
Raw material

ハイテク原料の

サプライチェーンに
廻るルートづくり

Recycled metal is 
transferred into 
global market  



Hubs & Bases : for sound circulation Asia
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High glade 
EoL

Global Urban-Mines : responsible resource circulation
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conclusion
• Material consumption has shifting from EU, Us, JP trilateral 

structure
to 10billions’ universal economy,

which require a great amount of metals
and  which cannot be supplied by natural resource.

• We have to rush to  establish the circulation economy.

• Especially, as Asia area will be the factory of the world,
it is important to establish sound circulation society

with international collaboration.
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