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The world at 2100

• The minerals and fossilefuels from 
natural resourse is nealy zero.

Techno
sphere

Eco-sphere

minerals

Fossil
fuel

biomass

water
waste



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.



World average 
GDP/capt. has 
run up $10,000

GDP/capt. of all countries 
will run up $10,000 by 2100



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

Exporting 
countries

Consuming 
countries

Developed
level

$10,000 /capita

Consumption/capt. reaches developed level when GDP capt. reaches $10,000   



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)

?

?



Much more times of resources will be required by 
2100.

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







https://www.eea.europa.eu/signals/signals-2014/articles/the-economy-resource-efficient-green

Resource efficiency



Circular Economy is inevitable



ACHIEVING A CIRCULAR ECONOMY

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

use

marketing

manufacturing

E0L
treatment

Raw material
Product
design

スタート

Durability becomes the greatest
Keyword of Ecodesign



Difference of Circular Economy(CE)
from  Japanese 循環型社会(3R)

3R CE

aim Reduction of final disposal
(output oriented)

Improvement of Resource Efficiency
(input oriented)

benefit Reduction of extra economic 
burden of the society

Creation fo new business different 
from mas consumption

measure Recovery of secondary raw 
material

Multiple utilization of EoF products

EoF products Subjects to be recycled as raw 
material

Subjects to be used again.

Economic 
entity

Recyclers, mining company Service suppliers, SME producers

motivation Social responsibility Add-value toward sustainability



ubiquitous circulation society
ubi-culation society

In the ubi-culation society, circulated goods 
have higher add-value of sustainability, which 
brings new economical activity. 

循:rotary along something

環:embrace

遍:everywhere 

廻:itinerant to return

遍廻型社会



mottainai

cut blocks with a razor

Don’t waste the sprit of material which is given by God !

Index on resource consumption :  A index how mottainai it has.

勿体無い

物の本体を失する意

神仏などに対して不都合である。

過分のことで畏れ多い。

そのものの値打ちが生かされず
無駄になるのが惜しい。

loss
essence of material

① blaspheme against God and Ancestors

② awful to overmuch hospitality

③ spare material over-consumption

Mottainai Society

Ms Wangari Muta Maathai insisted



Drag out the 
retained value of a 
product throughly

Value as
Resource 

Value as
Material

Value as 
Parts

Value as
Function unit

Utility
value

Behavior
value

Comunication
value

Substance-
recycle

Elements
Reuse/refurbish

Parts
Re-manufacturing

direct
Reuse

Co-use

repair
???

Service
share

IoE
ICT

Personal  space

Shared space 

Repair



Entity-centered to Behavior-centered

Goods
value

Possession
value

Using
IoE
ICT

convenience
valie

service
value

utility
value

IoE: internet of everything
ICT information communication 
technology

Mass production RRRDR 

Mono モノ 物 Koto コト 事



Evolution of added value

food
dinner

spice

salt

clothes costumes

wool

silk

tool

machine

mineral

fuel

Global extention

Financial 
space

Information
space

Common
Utilization

space

Service by the agency of material Creation of new added value space



possess

Waste
treatment

Material space repose space
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Collect, gather

Reliability 

Information
service

Final stabilization

Wide area delivery

Reliable system space Active participation space

Managemet
service



Re-net Japan

Door2door collection of small electric households
using home derivery system.

http://www.renet.jp/URL



JEPLAN, INC

拡
大

Organize the mind for recycling

http://plaplus-project.jp/
http://plaplus-project.jp/


Drag out the 
retained value of a 
product throughly

Value as
Resource 

Value as
Material

Value as 
Parts
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Different circulation society of EU from JP

EU
consume

Recycle
maijor

prvder

Produce

Various circulation business

⇐material tax
⇐harmful substance free

as EPR

Producec

JP
consume

Recycler

Japanese circulation society

Business chance in circulation from view point of sustainable consumption

EU’s Circular Economy

Share of roles to decrease waste

Arrange the outer ward 
of material circulation
In the society 

Create  multiple  inner 
route 
of goods circulation
In the society 

Zero emission
or
Low waste

waste?



production
Zero

emission

resource
waste

Circular Economy

Total Life-cycle management is required
for the improvement of Resource Efficiency



Zero 
emission

Build 
to Last

Multi-value Circulation

Value as
Resource 

Value as
Material

Value as 
Parts

Value as
Function unit

Utility value

We already had a symposium
on “Multi-Value Circulation
At 18th August”



Requisite for materialization on Multi-Value Circulation 
Monozukuri

Long life

Renewalizing technology

degration detectation

Multi material design



Technical Barriers o remanufacturing 

Deterioration of material Surface treatment & Mending



Requisite for material
in the multi-value circulation  society

• Long-life several times longer than goods

• Higher and visible reliability indispensable for RRRDR

• Repairable    :  detachmentable

• Repairable     :  material hearing

• Repairable     :  localized mending

• Easy Cleansing, refreshing  : dry cleansing technology 
etc. 

• In-situ Customizing processing         such as localized 
additive  manufacturing 



Structural material for sustainable society
strong, tender and dependable material for the social system of sustainability

Strong as 
elder brother

Tender as
mother

Dependable as
father

Expand the human’s 
activity frontier  
toward  new 
environment, such as 
space, marine and 
underearth.
strong, tough, 
anticorrosion, heat 
resistant, light-weight, 
multi-function

Multi-Function structural materials 
which provide  well-being in the 
nature-harmonized  living space of 
the future.

視sight : diversified design
聴aural:  selective  insulation
触touch: organic-touch inorganics
膚skin: moisture control etc.

Dependable materials 
which have reliability of 
endurance for sever stress 
and its rapid fluctuation.
Intelligent materials  
which predict , diagnose  
and respond to 
deterioration.

哥哥的強
gē gē de qiáng

母的和
Mŭ de hé

父的壮
Fù de zhuàng

Halada: Sept. 2013 at Beijin

http://www.dreamstime.com/illustration/strong-arm.html
http://www.dreamstime.com/illustration/strong-arm.html
http://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=iCFbDd7-5Dro6M&tbnid=3Yi1GmuCY1hhSM:&ved=0CAUQjRw&url=http://pixta.jp/illust/1654582&ei=40qtUbGJM4eekAWGhoCAAg&psig=AFQjCNEK8HUn1amlgoNucjIargug05bLcg&ust=1370397761700775
http://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=iCFbDd7-5Dro6M&tbnid=3Yi1GmuCY1hhSM:&ved=0CAUQjRw&url=http://pixta.jp/illust/1654582&ei=40qtUbGJM4eekAWGhoCAAg&psig=AFQjCNEK8HUn1amlgoNucjIargug05bLcg&ust=1370397761700775


Recycle has three roles



LCD

PCB

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



Structure of the issue of E-waste 

EoL

Collection
trader

Parts 
re-using

Collection 
trader

Products 
reworker

Seconhand
trader

Material 
recycler

Illegal 
dumping

consumer
Illegal 

dumping

Parts 
re-using

material 
recycler

Illegal 
dumping

Informal
recycler

EU Africa

Unusable  
products

Unusable  
components

Unusable  
components

Seeking 
higher 
value

Waste 
disposer

Waste 
disposer

E-wasteE-wasteE-waste

E-waste

E-waste



Slag, Ash, Mud    to
Social infrastructure



Two different types of recycling

Secondary 
material

virginscrap
Recovered metal

Dilution-type
: Fe,Al,plastic, paper、glass

Extraction-type
Rare metls, precious metals

De-grading of material much waste than obtained

waste





Technology for horizontal recycling

• Metal : control by structure not by composition    〇

• Plastic : science of strength of polymer and additives 

• ceramic : healing technology of damage

Searching of 
Lower cost 
utilization

Same  price 
Same 

performance

Sustainability  
should be 

additive value

On Dilution-type recycling, we should pursue horizontal recycling





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.

Residue
recycling

http://www.google.co.jp/imgres?imgurl=http:/www.maoi-net.jp/bousai01/kyukyu/images/ki_i08.gif&imgrefurl=http:/www.maoi-net.jp/bousai01/kyukyu/keitai.htm&usg=__WzCbSCMSDbkWTyQvRLtw3NANsME=&h=690&w=474&sz=53&hl=ja&start=3&um=1&itbs=1&tbnid=w13YTobWj5cTUM:&tbnh=139&tbnw=95&prev=/images?q=%E6%90%BA%E5%B8%AF&um=1&hl=ja&sa=G&rls=com.microsoft:*:IE-SearchBox&rlz=1I7ADBR_ja&ndsp=20&tbs=isch:1/
http://www.google.co.jp/imgres?imgurl=http:/www.maoi-net.jp/bousai01/kyukyu/images/ki_i08.gif&imgrefurl=http:/www.maoi-net.jp/bousai01/kyukyu/keitai.htm&usg=__WzCbSCMSDbkWTyQvRLtw3NANsME=&h=690&w=474&sz=53&hl=ja&start=3&um=1&itbs=1&tbnid=w13YTobWj5cTUM:&tbnh=139&tbnw=95&prev=/images?q=%E6%90%BA%E5%B8%AF&um=1&hl=ja&sa=G&rls=com.microsoft:*:IE-SearchBox&rlz=1I7ADBR_ja&ndsp=20&tbs=isch:1/
http://www.google.co.jp/imgres?imgurl=http:/stat001.ameba.jp/user_images/20100219/07/fc-ishige/7c/ff/j/o0400053310420228827.jpg&imgrefurl=http:/ameblo.jp/fc-ishige/entry-10464498987.html&usg=__rC0j5nYae-XzuRWdMNWhom90L44=&h=533&w=400&sz=37&hl=ja&start=10&um=1&itbs=1&tbnid=kxnVkIptvDhx3M:&tbnh=132&tbnw=99&prev=/images?q=%E3%83%AA%E3%82%B5%E3%82%A4%E3%82%AF%E3%83%AB%E3%80%80%E5%9B%9E%E5%8F%8E%E3%80%80%E6%90%BA%E5%B8%AF%E3%80%80%E6%9D%B1%E4%BA%AC&um=1&hl=ja&sa=G&rls=com.microsoft:*:IE-SearchBox&rlz=1I7ADBR_ja&tbs=isch:1/
http://www.google.co.jp/imgres?imgurl=http:/stat001.ameba.jp/user_images/20100219/07/fc-ishige/7c/ff/j/o0400053310420228827.jpg&imgrefurl=http:/ameblo.jp/fc-ishige/entry-10464498987.html&usg=__rC0j5nYae-XzuRWdMNWhom90L44=&h=533&w=400&sz=37&hl=ja&start=10&um=1&itbs=1&tbnid=kxnVkIptvDhx3M:&tbnh=132&tbnw=99&prev=/images?q=%E3%83%AA%E3%82%B5%E3%82%A4%E3%82%AF%E3%83%AB%E3%80%80%E5%9B%9E%E5%8F%8E%E3%80%80%E6%90%BA%E5%B8%AF%E3%80%80%E6%9D%B1%E4%BA%AC&um=1&hl=ja&sa=G&rls=com.microsoft:*:IE-SearchBox&rlz=1I7ADBR_ja&tbs=isch:1/
http://www.google.co.jp/imgres?imgurl=http:/blog-imgs-32-origin.fc2.com/y/y/h/yyh8/IMG_1284.jpg&imgrefurl=http:/yyh8.blog41.fc2.com/blog-date-20090105.html&usg=___CQ5jiWvCnL2VS7209lQO2dxoEQ=&h=960&w=1280&sz=316&hl=ja&start=13&um=1&itbs=1&tbnid=yrPCmdDgYW24pM:&tbnh=113&tbnw=150&prev=/images?q=%E6%90%BA%E5%B8%AF%E3%80%80%E5%9F%BA%E6%9D%BF&um=1&hl=ja&sa=G&rls=com.microsoft:*:IE-SearchBox&rlz=1I7ADBR_ja&tbs=isch:1/
http://www.google.co.jp/imgres?imgurl=http:/blog-imgs-32-origin.fc2.com/y/y/h/yyh8/IMG_1284.jpg&imgrefurl=http:/yyh8.blog41.fc2.com/blog-date-20090105.html&usg=___CQ5jiWvCnL2VS7209lQO2dxoEQ=&h=960&w=1280&sz=316&hl=ja&start=13&um=1&itbs=1&tbnid=yrPCmdDgYW24pM:&tbnh=113&tbnw=150&prev=/images?q=%E6%90%BA%E5%B8%AF%E3%80%80%E5%9F%BA%E6%9D%BF&um=1&hl=ja&sa=G&rls=com.microsoft:*:IE-SearchBox&rlz=1I7ADBR_ja&tbs=isch:1/
http://www.google.co.jp/imgres?imgurl=http:/www.business-i.jp/news/top-page/topic/200806030002o1.jpg&imgrefurl=http:/www.business-i.jp/news/top-page/topic/200806030002o.nwc&usg=__Z7oeMufPccQzA6eFyfwdNvgSByc=&h=210&w=280&sz=31&hl=ja&start=3&um=1&itbs=1&tbnid=TZASo_pR-JVc9M:&tbnh=86&tbnw=114&prev=/images?q=%E8%A3%BD%E9%8C%AC%E7%82%89%E3%80%80%E3%83%AA%E3%82%B5%E3%82%A4%E3%82%AF%E3%83%AB&um=1&hl=ja&sa=G&rls=com.microsoft:*:IE-SearchBox&rlz=1I7ADBR_ja&tbs=isch:1/
http://www.google.co.jp/imgres?imgurl=http:/www.business-i.jp/news/top-page/topic/200806030002o1.jpg&imgrefurl=http:/www.business-i.jp/news/top-page/topic/200806030002o.nwc&usg=__Z7oeMufPccQzA6eFyfwdNvgSByc=&h=210&w=280&sz=31&hl=ja&start=3&um=1&itbs=1&tbnid=TZASo_pR-JVc9M:&tbnh=86&tbnw=114&prev=/images?q=%E8%A3%BD%E9%8C%AC%E7%82%89%E3%80%80%E3%83%AA%E3%82%B5%E3%82%A4%E3%82%AF%E3%83%AB&um=1&hl=ja&sa=G&rls=com.microsoft:*:IE-SearchBox&rlz=1I7ADBR_ja&tbs=isch:1/
http://www.google.co.jp/imgres?imgurl=http:/phones.webhostingoverview.com/wp-content/uploads/2007/12/ntt-docomo.jpg&imgrefurl=http:/phones.webhostingoverview.com/category/ntt-docomo/&usg=__aBlgacd008BLvsCk8MPfjTyp538=&h=560&w=371&sz=137&hl=ja&start=20&um=1&itbs=1&tbnid=aHRm2VC7XrsBrM:&tbnh=133&tbnw=88&prev=/images?q=ntt+docomo&um=1&hl=ja&rls=com.microsoft:*:IE-SearchBox&rlz=1I7ADBR_ja&tbs=isch:1/
http://www.google.co.jp/imgres?imgurl=http:/phones.webhostingoverview.com/wp-content/uploads/2007/12/ntt-docomo.jpg&imgrefurl=http:/phones.webhostingoverview.com/category/ntt-docomo/&usg=__aBlgacd008BLvsCk8MPfjTyp538=&h=560&w=371&sz=137&hl=ja&start=20&um=1&itbs=1&tbnid=aHRm2VC7XrsBrM:&tbnh=133&tbnw=88&prev=/images?q=ntt+docomo&um=1&hl=ja&rls=com.microsoft:*:IE-SearchBox&rlz=1I7ADBR_ja&tbs=isch:1/
http://www.google.co.jp/imgres?imgurl=http:/image.blog.livedoor.jp/tetsu_ok/imgs/6/d/6dad26c1.jpg&imgrefurl=http:/blog.okutsu.co.jp/tag/%E3%82%AA%E3%83%BC%E3%83%87%E3%82%A3%E3%82%AA&usg=__a7HHd_0aylY3oQpBIhYU7Vx1UTo=&h=346&w=450&sz=200&hl=ja&start=44&um=1&itbs=1&tbnid=CPbPztPd6dj8PM:&tbnh=98&tbnw=127&prev=/images?q=%E9%AB%98%E5%9C%A7%E9%8A%85%E7%B7%9A&start=40&um=1&hl=ja&sa=N&rls=com.microsoft:*:IE-SearchBox&rlz=1I7ADBR_ja&ndsp=20&tbs=isch:1/
http://www.google.co.jp/imgres?imgurl=http:/image.blog.livedoor.jp/tetsu_ok/imgs/6/d/6dad26c1.jpg&imgrefurl=http:/blog.okutsu.co.jp/tag/%E3%82%AA%E3%83%BC%E3%83%87%E3%82%A3%E3%82%AA&usg=__a7HHd_0aylY3oQpBIhYU7Vx1UTo=&h=346&w=450&sz=200&hl=ja&start=44&um=1&itbs=1&tbnid=CPbPztPd6dj8PM:&tbnh=98&tbnw=127&prev=/images?q=%E9%AB%98%E5%9C%A7%E9%8A%85%E7%B7%9A&start=40&um=1&hl=ja&sa=N&rls=com.microsoft:*:IE-SearchBox&rlz=1I7ADBR_ja&ndsp=20&tbs=isch:1/


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

High-tech 
products

High-tech 
material

Raw material citizn

Local 
government

recyclersmelter

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  



Requisites raw is
Acquired by recycle

Bads is 
salvaged and defused

Waste  lay off
recycling

Find value
Make value

Raw material
acquisition

High grade
Less impurity

Generalize

Robustness,
stability

Mass 
produces

environ
ment

Burden
share

reduction

Higher 
function

(higher added 
value)

Stable 
supply 
chain

File 
chemical

General 
material

Construction 
material
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Factory
scrap

Industrial
scrap

consumer
scrap

Valuables 
are converted  Into Goods



Material science

Wide-area Multi-value Circulation

reliability

durabiliity

Material hearing

Material recovery

Material stabilization

Circular Economy of  productive Asia



Thank you !

Let’s go toward  Mottainai Society

with Multi-Value Circulation !


