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Progress of discussion on criticality index of metals
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Resource(-end)-view weight

Consumer end

/ extraction

Kgmetal - 6kgconcentrates- 300kq ore
-

Metals

TMR: Total Materials Requirements, or Ecological rucksacks



1kg R.E.E. is nearly equivalent to 1 ton Fe by environmental view
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Progress of discussion on criticality index of metals
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These 15 years was turbulent fifteen years for strategic metals

Co and Tl has grown to 3 times.

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

It had taken 36
years for Fe to be

produces double
|nUI2000

Only Sr and Ta has decreased
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Prices have changed more drastically

Not linear, —&— Iron ore
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From several dozens times to more than a hundred times of price swing occurred
In these 15 years.
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Historical resource price from 1900
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After the peak, prices shifted higher levels .



What is happening ? What will come after?

Shift form the structure of the 20t 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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Instead of JP & EU,
China takes important role
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Import Export
1998 2013 | 19938
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Us CN CL
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Table 1: change of leading couniry of each metal frade from 1998 fo 2013




Dollar amount of export and import of each country
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China exports products to developing countries all over the world as “the factory

of the world.
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GDP/capita

What has changed ?

JPN
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Fe consumption / capita v.s. GDP/ capita from 1994 to 2014
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forecasted GDP per person (PPP base)
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Rough forecast gets to be simpler, Every country
(population) x (developed consumption level) reaches
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Are the reserves enough for the 10 billions’” universal economy?

EE I N -

Consumption/year 4.5Gton/year 90Mt/year 224kt/year
at 10Gperson world

Reserve 87Gton 700Mt 7.2Mt

é ®
o o
@

It is said that reserve increase when the price rises.

Prices had risen in these dozen of years.
How are reserves?
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Reserve ratio to annual consumption is

decreasing
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Sustainable reserve development line
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The circulation society must
be promoted from right now.

Accumulated
consumption

4.49Gt 90Mt 224kt

Suppliable
with
natural
reserve
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recycling
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6Mt

2012 2100 2012 2100 2012 2100

Estimated accumulated consumptions till 2100
with simple assumption of linear growth
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Figure E2: Simplified illustration of a circular econom

The Environment
Recycling Companies
The Economy

Recycling / Reuse

Remanufacturino - Refurbishmemt Waste Managemem
Parts Manutacturer Mamtenance -
Manufactures

reuse

distnbution
Raw material inosariad Maintenance Energy
extractors SymbosE

S Recovery
Recyclng Distribution: Product Ao /
Raw matenal Eco-demign 2 w Second Hang /
¢ ts: National Demand/Use:
extraction Outputs:

Goids /

Domestic :
(Technical Materials) Production =m< Products |}

< SCrVice - N o~ i
Process < Services | Provision Publlic, privils seciol, g CO"eCUO _m
Biological resources & ‘

< Househokds
Ecosystem smarnal Maserial
Services provision Reuse

Cascade
(Domestic) . ' Retaiters & A Food Shating
‘ Byproduct ; Service Providers
Re use .
Farmers, loresters,
fishers

Extraction of biochemical feedstock,
Anaerobic digestion / biogas

& Compaosting
Farmers & Agro-food

industry v

[~ e on e

Source: Own representation, P ten Brink, P Razzini, S. Withana and E. van Dijl (IEEP), 2014



10,000

X100,000 X10,000 X1,000
9,000 MW already
8,000 - [ possibl
/7,000 - I N difficult °
£ 6,000
e |
E 5,000 + 1
w
=
€S 4,000 | 1
© T
3,000 - o 1
]
2,000 R+ ] m LR N

el |

1,000 Nk - —m Y N NN <
wil= 3
. ]

E—

Fe
Cu
REE
Al
Au
Pd
Sn
Pt
Zn
NI
Rh
Ag
In
Mn |
Cr
Co
Ph
vV OEd
Mo
Li
Ta
Nb
Mg |
Ga
W
Cd
Te




1400000

1200000 -

1000000

800000

600000

400000

200000

m IW2000

m IW2050

SMW2000 mMW2050




Different circulation society of EU/Africa from JP/Asia

Japanese circulation society

materials

JP

consume
Producec

Recycler

Second

Primary or Asian
Second C
] onsume

Producer
Semi

Formal
recycler

Produce

Recycle
maijor

Developing
countries

g Consume

Formal
recycler

Business chance in circulation from view point of sustainable consumption




' Increase of
iTL ol consumption
>

2

Demand for
infrastructure

\

B




Increasing
consumption

Factory
of the
Wielale

Transion of
produvtion

(€][e]oF]
producer

Increasing
consumption

¢/

Resource
nationalism

"'r’

g
L
0*1»‘0‘0‘0‘0’:’0‘0‘0‘0
Lo L
&

Wb
Ay

I‘"’:“ e T
f T
7, N
o
ey
LN

‘00“* A
\‘.\

T

4

5%

T
L
S

&0

ol

)

sy



o

l. creasing

cor ‘umption

Transion of
produvtion

h o

Global

producer

Increasing
consumption

A
S ™
Sy e

TR

o
2o

o
S

5

ST
ool

L
L

™

T
i

2
Lo

55

)

L

3
L
&

L
L

&

L

55

£

55




Current status

Small amount Bland reuse
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Recycle the

Residue goes as E-waste.
BB 14 )L (yashi -recycle) crow-eating recycle
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Structure of the issue of E-waste

Africa

EU

lllegal

consumer ]
dumping

N

lllegal Collection Seconhand Unusable
trader trader products

Collection

dumping trader

Seeking
higher Parts

value re-using

Products
reworker

Material Unusable Informal

recycler components Pa rt_S
' re-using

recycler

\iVaste

disposer lllegal Unusable Y Material
dumping components recycler

Waste
disposer

\ 4
E-waste




Current status
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Disassembling, separation and concentrating bring higher value.

disassemble
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Urban Beneficiation (;##L) rises the value.
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One container Mobile plant

, Which makes the treatment possible where is no facility.
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Thunder birds in the recycling society

This is a factory. WE
have waste with rare
metals

OK! We'll go and
separate it.

Sotrage can
be permitted
there

No taking with and Less waste

Available metals goes back ~ Hazardous substances

To the processm Are separated there at
Without special facilities ‘ b
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Rout of electric appliance recycle

@ resource from all over world @ngh tech manufactures @produce high-tech products
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V4
@it should be girculated!!! @partlal reuse
as Fine Clgemical Recycle

@full separate
full recycle

@) <old in the market as secondarv metal ingot
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Fine chemical recycle of Co from LiB

Cobalt oxide
#9¥9000/kg Co LI oxide

Fine Chemical Recycle
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Recycling goes back to supply chain

High-tech — High-tech — "
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transferred into
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Hubs & Bases : for sound circulation Asia
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Global Urban-Mines : responsible resource circulation r
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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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