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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,Nb, Fe 
nearly 2 times or more

Only Sr and Ta has decreased

It had taken 36 
years for Fe to be 
produces double 

intil 2000



Change of annual consumption of metals 
from 1999 to 2009
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Resource issue is no longer  
the issue of the next 

generation but that of our 
generation.

Now, we have to design products with considering resource constraint.

Au in cell 
phone has 
decreased 
into  1/3

Thickness 
of HDD 
Magnet 

decreased 
1/5 

The resource 
issue was the 

responsibility on 
sustainability to 

the next 
generation. 

Nd: Japanese consumption data



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.
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■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
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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” 



72 Fe 1992 M$
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trade flow of steel at 1992

A typical trilateral 
structure



72 Fe 2012 B$
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at 2012

Instead of JP & EU,
China takes important role



2601 iron ore 1992 M$
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New flow is capped on the 
old trilateral structure



Still importing

China changed to 
exporting country
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中国占有率

輸入金額

China share rate in each country’s import

Dollar amount of each country’simport

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. 







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



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)





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? 



2012 2100 2012 2100 2012 2100

1.34Gt

4.49Gt

20Mt

90Mt

103kt

224kt

Fe
257Gt

Cu
4.84Gt

Co
14.4Mt

6Mt
0.2Gt

98%

81%

73%

Should be 
supplied by 
recycling

Accumulated 
consumption

Suppliable
with 

natural 
reserve

7.2Mt

700Mt

87Gt

The circulation society must 
be promoted from right now.

Estimated accumulated consumptions till 2100 
with simple assumption of linear growth









Upper 20% 
Economy

(US,EU,JP)

consuming countries

10 Giga economy

1950-2000

2000-2020
2020-2050

2050-2100

$10,000/capita

world average 
at 2015

GDP/capita
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Life-cycle thinking
dematrialization

Sound circulation society Commons Sharing 
society
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beyond “a” system,
multi system consideration
is required.

to distinguish
the bottle-neck system
from perspective view



Single system optimization is important, but
it cannot deal with 10 billion’s economy

Life-cycle optimization
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Life-cycle consideration multi system consideration

Re-use  Trans-use

resource
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Chemical recycle of plastic in iron making         

Blast furnace

Iron ore

Plastic waste        

Good collaboration of “iron making system” and 
“plastic waste management system”



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%

slag

cement

Smelting facilities

Cement industry
facilities

Existing 
facilities 

support the 
circulation



Structure of the issue of E-waste 

EoL

Collection
trader

Parts 
re-using

Collection 
trader

Products 
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Seconhand
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Material 
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consumer
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Parts 
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material 
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dumping
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EU Africa

Unusable  
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Seeking 
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E-waste



Developing 
contries

ここに文字を入
力

Developed 
contries

increasing
stock

acccumula
tedStock

Personal consumption

Infrastructures
Accumulation of properties

We have been discussing on sustainable consumption in mutual countries
but major material flow  has becoming the stock accumulation of developing countries.

Multi-system
Collaboration 
Effect is expected.



But, stock is saturating in developed country.

We have to pay attention on stock,
how utilize existing stock

how create appropriate stock which can be shared by multiple system





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

EE

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

72 Fe 1992 M$

2500
1340

BN

EZ

6560

3900

1500

1340

1330

1330

924

592

558

438

358

5000

3300

1400

1300

1100

980

790

760

750

710

710

450
380

2700

1730

937

1730

1620

1280

1190

1150

1140

629
1110

1030

832

708

670

642

625

612

598

580

568

552

512

497

502

497

497

366

376

365

327
520

317

314

314

303

274
US

Trilateral structure of US, EU and JP 
in later 20the century

Global 
structure has 

changed!



Alternative Material/Energy 
utilization system should be 
proposed

Power  economy 
runs ahead 

Sustainability 

Trilateral structure in latter 20th century Based on mature consumption

Factory of the world

Face to face technology
Supply chain management
Servisizing
Goods to sale ->  goods to use

Provide superior goods
by optimizing good quality process & resources

Provide passable goods 
which can be made anyplace,
more rapid, more cheap

prepare the solution of safety and satisfaction  
against the sweeping of power economy

Utilization of existing stock



•World is changing rapidly

•We will be in 10 billion peoples’ 
universal economy.

•Discussion on sustainable consumption 
and life-cycle design has become 
insufficient.

•Multi-system consideration is required 
now.



Thank you ご清聴ありがとう
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