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These 15 years was turbulent fifteen years for strategic elements

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 

until 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
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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
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(U.S. DEPARTMENT OF ENERGY:“ Critical Materials Strategy” (Dec. 2011))



DOE’s evaluation method



( REPORT ON CRITICAL RAW MATERIALS FOR THE EU 2014)
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plus1      speed of supply
by-products    such as  LI

Environmental cost of waste management
REE

Energy depending on energy situation
Al, Mg, Si

Geological, Political unevenly distributed
Pt, Nb, Dy Co

Absolute mass Reserve amount is not so enough.
Au, Cu, Zn

4 types  + 1  of resource constraints
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Progress of discussion on criticality index of metals
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In Toyama framework (G7 summit Ise-Shima)

Key recommendations
Going for green growth and establishing a resource efficient economy is a major environmental, development and economic challenge 
today. In this context, improving resource productivity and putting in place policies that implement the principles of reduce, reuse, 
recycle (the 3Rs) is crucial, as recognised by G7 Leaders in the Schloss Elmau’s declaration in June 2015.
This report responds to the request by G7 Leaders at the Schloss Elmau Summit asking the OECD to develop policy guidance for resource 
efficiency. Key findings and recommendations from this report include the following considerations.

Although resource efficiency is first and foremost a matter of national policy decisions, only collective action and co-ordinated efforts 
will ensure widespread benefits amongst countries. The G7 has an important role to play in this regard.

The G7 can highlight best practices and provide a platform for sharing of experiences both within and beyond its membership. Two 
key messages from this Guidance are that:

• Resource efficiency policies should target the entire life-cycle of products.
• National policies should put more emphasis on aligning sectoral policies in diverse areas like innovation, investment, 

trade, education and skills development with resource efficiency objectives.
These broader messages on the life-cycle approach and policy coherence could be explicitly supported by the G7.
The G7 can also strengthen co-ordination and co-operation at the international level by:

• Facilitating integration of resource efficiency considerations in Global Value Chains by supporting businesses in their 
supply chain management efforts.

• Addressing trade and investment related obstacles to resource efficiency in supply chains, including export restrictions 
on secondary raw materials, restrictions on trade in used products, and barriers to trade in environmental goods and services.

• Calling for some degree of harmonisation in the growing field of environmental labelling and information schemes, with 
the aim of maintaining high standards, allowing for increased mutual recognition of schemes, and countering increased costs associated 
with scheme multiplication across international markets.

Finally, the G7 can help address key information gaps related to material flows and resource efficiency. These gaps include harmonised
data on indirect material flows associated with international trade, information on flows of secondary raw materials, disaggregated 
information on resource use by industry, and information on the quality and deterioration of natural resource stocks. Similarly, the G7 
can support internationally co-ordinated efforts to improve economic analysis of resource efficiency, an area that has currently received 
very little attention in research.



Life-cycle impact assessment examines the mass and energy 
inventory input and output data for a product system to transrate 
these data to 

better identify their possible  
environmental relevance 

and significance..

INVENTORY ANALYSIS

IMPACT ANALYSIS

Global Environment

extract assemble transport use recycle dispose

Life Cycle of products

A systematic set of procedure for compiling and examining the environmental burdens and associated 

environmental impacys directly attributable to the functioning of an economic system through its life cycle

The consequtive and inter-linked stages, and all directly 

associated significant inputs and outputs, of a system from 

the extraction or exploitation of natural resources to the 

final disposal of all materials as irretrievable wastes or 

dissipated energy. 

All the inputs and 

outputs of the system, 

corresponding to the 

production of the mass 

of finished product 

equivalent to the 

functional unit, are 

identified and compiled.
The findings of 

all previous 

stages are 

examined to 

identify 

opportunities for 

reducing the 

environmental 

impact of the 

sytem.

Life Cycle Assessment



Life-cycle of ceramic plate
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Raw material
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Life-cycle of corn-starch biodegradable plate

Start from PLA



Impact analysis of ceramic plate and 
biodegradable plate 



Thermodynamic resource indicators in LCA: a case study on the titania produced in 
Panzhihua city, southwest China     Wenjie Liao & Reinout Heijungs & Gjalt Huppes Int J Life Cycle Assess

Sulphate process Chloride process
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Life Cycle Assessment for Proton Conducting Ceramics Synthesized by the Sol-Gel 
Process :Soo-Sun Lee and Tae-Whan Hong, Materials 2014, 7, 6677-6685;

• The proton conducting ceramics BaZr0.8Y0.2O3-δ (BZY), BaCe0.9Y0.1O2.95 
(BCY10),and Sr(Ce0.9Zr0.1)0.95Yb0.05O3-δ (SCZY)
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(BCY10),and Sr(Ce0.9Zr0.1)0.95Yb0.05O3-δ (SCZY)



Life Cycle Assessment for Proton Conducting Ceramics Synthesized by the Sol-Gel 
Process :Soo-Sun Lee and Tae-Whan Hong, Materials 2014, 7, 6677-6685;
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Life Cycle Assessment for Proton Conducting Ceramics Synthesized by the Sol-Gel 
Process :Soo-Sun Lee and Tae-Whan Hong, Materials 2014, 7, 6677-6685;



The study on LCA of the zirconia device
Koji Noda, Ruilu Liang, Takao soma, Eiji Kikuti, Hiroto Kawashima

Ingredient 
blending

Mixing
crushing calcination crushing

Binder mixing
Slurry conditioning

granulation
(spray dryer)

Press forming

sintering
Electrode

baking
mantling

Manufacturing process of ZrO2 sensor



Spry dryer process

Electric furnace 200*200*250mm
ZrO2 7.8kg
Heat-up to 600℃ at 50℃/h 
De-binder  600℃ 2h
Heat-up to 1400℃ at 100℃/h
Calcining 1400℃ 2h

sintering process

capacity          

composition          

drying temperature         

evaporation rate         

electric power         

butane consumption        

Process yield        

solid     aqua     

inlet     outlet     



0.47kg-CO2/kg-ZrO2 1.50kg-CO2/kg-ZrO2

Comparison of CO2 emission in each process

The study on LCA of the zirconia device
Koji Noda, Ruilu Liang, Takao soma, Eiji Kikuti, Hiroto Kawashima

Spray dry process sintering process



Mixing
Dispersion

drying forming degreesing
sintering

After-gas
burning

fuel fuel

fuel

solvent

binder

additives

powder

Product

Process and material flow in ceramic production

exhaustexhaustcharge charge charge

1kg sintering of Al2O3

Powder production;    out of scope

Binder:  10 mass%
Degreasing:  600℃ 1h  (12℃/h)
Waste gas: 900℃ keeping
Sintering: 1400℃ 4h    (600℃/h)



mixing homoginizing
4%

degreasing
43%

waste gas treatment
26%

sintering
27% 1kg sintering of Al2O3

Powder production; 
out of scope

Binder:  10 mass%
Degreasing:  600℃ 1h

(12℃/h)
Waste gas: 900℃ keeping
Sintering: 1400℃ 4h

(600℃/h)



Aerosol deposition method 
Akedo , AIST



By AIST, Japan

Powder 
concoction

Powder 
concoction

Green sheet
production

printing
layer 
stack

foaming

plating polishing
surface 

treatment
jacketing test

testpolishingpolishing

sintering

Substrate
production

deposition
dot-

deposition

760
kwh

2250
kwh

3750kwh
750
kwh

300 700 300Room temperature
without heating both 
of  plate and partucle

Akedo , AIST
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引張り強さ (MPa)

0.75Cr 0.85Mo
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+0.75Mn

0.75Cr 0.85Mo

+1.0Ni

Ni

Cr

Mn

高温焼結

0.75Cr
0.85Mo

CO2 排出量 (g/kg-product)

図９ 各種焼結鋼の製造に係わるSO2排出量と化石燃料消費量の分布図
JIS規格組成と1992粉末冶金国際会議で発表されたものをもとに計算 

higher temperature
sintering

higher temperature
sintering



service=func.(work, provide, support )

life-cycle environmental burden =
burden in production + burden through usage 
+ burden of End-of-Life - deduction by recycling

burden in production + burden through usage + burden of End-of-Life - deduction by recycling

service=func.(work, provide, support )

Resource Efficiency
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The Elements 
with sustainability parameters

Data form 米国鉱山局データ USGS  minerals information
工業レアメタル (Kogyo rare metal) Japanese journal
「概説 資源端重量」 NIMS-EMC data on mat. & env. No.18
Halada, Katagiri, Proc. of EcoBalance 2010 p609
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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)



Estimated demand up to 2100 v.s. 
current reserve amount
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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









like the circulatory organ, in every corner





ACHIEVING A CIRCULAR ECONOMY

U.S. Chamber of Commerce Foundation,
Supported by CCC’s Circular Economy Network

use

narketing

manufacturing

E0L
treatment

Raw material
Product
design

スタート

Durability becomes the greatest
Keyword of Ecodesign
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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 
70

and  Overburden





72

http://www.akita-ecotown.com/english/kinzoku_re.html

3g platinum ring

More than 1.5ton  ecological rucksack
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Total material 
requirement

≈
Waist from mining

CO2 emission during 
mining and extraction

1kg R.E.E. is nearly equivalent to 1 ton Fe by environmental view



EV motor
(Rare Earth)

1.2kg Nd magnet/car

=

REEs have 1000 times 
environmental 
impact
Comparing with iron



Small mass but Great impact

Pt consimption
g/car

Small car 80kW 32

Medium car 150kW 60

Large car 250kW 150

average 120kW 50

3g platinum  = 3.6ton resource  = iron for 1 automobile

=

Fuel Cell (Pt)

http://shopping.e-yourguide.com/products_44881311.html
http://shopping.e-yourguide.com/products_44881311.html
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Metals in the crust

To promote the resource efficiency, 

it is important to use common element in the crust.

educing functions by controlling electron orbit of chemical compounds.
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Metals in the crust

Market size of metals

We are still in front of the entrance of sound material use



Grazie per l' attenzione !!

Ceramics have advantage of Resource Efficiency

in resource view weight     and

durability.                                

In order to achieve the decoupling of development

and environmental impact,

Life-cycle consideration and 

the pursuit of Resource Efficiency      are required. 

,but have to consider the environmental impact

in processing processes.


