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* The wave of material technology for sustainable society has
started since early 1990s as Ecomaterial. In those days,
ecomaterial is explained as “Environmental conscious material”.
Now, “conscious” is insufficient. Measure and infrastructure of
solution is the role of Ecomaterial. In the presentation, the
development of ecomaterial is reviewed with using the six
directions of ecomaterials called ecostar. Going into 21th century,
we face new and serious situation for sustainability. Issue of
climate change has had to be solved in this century. Demand of
resource will overshoot the natural resource in this century.
“Resource efficiency” is become important keyword. Material
technology should be changed from how to use materials with
environmental friendly into how to form sustainable society with
efficient material use. In Europe, “Circular Economy” actions have
started. It should be developed “Global Multi-value Circulation
System”, in which retained value of material and products will
efficiently leveraged.
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Tokyo Olympic medals to be made from
recycled donated metal
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FILE PHOTO: A woman is silhouetted against a monitor showing Tokyo 2020 Olympics and Paralympics emblems during the Olympic and
Paralympic flag-raising ceremony at Tokyo Metropolitan Government Building in Tokyo, Japan, September 21, 2016. :
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BYE-LAW TO RULE 70

2- Medals and Diplomas

2.2 the medals shall be at least 60mm in diameter and 3mm thick. The
medals for first and second places shall be of silver of at least 925-1000
grade; the medal for first place shall be gilded with at least 6g of pure

gold.



gold Gold plated 50um 6 ¢
95~500g




How much metals are required for
Olympic medals

- London 2012 Olympic Chartar 2000

Olympic Paralympic Ay A Cu Zn Sn
Gold 659 675 6 379 25 0O O
Silver 649 670 0 381 29 0O O
Bronze 702 687 0 0 3685 95 2

Total 2010 2032 9.6kg 1,210kg 700kg



Recycled raw material percentage
In Japan

T T

Recycled produced recycled Recycled produced recycled

(t) (t) % (t) (t) %
Au 29.2 106.8 27.3% 31.7 113.8 27.8%
Ag 731 1803 40.5% 817 1967 41.5%
Cu 254000 1538000 16.5% 253000 1509000 16.8%
Pb 114000 200000 57.0%
Zn 125000 589000 21.2%

Data from Japan Mining Association



Recycling law for
small size electric
appliances starts
from April 2013.
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Electric households contain a great amount of metals

_ BD player Cell phone PC laptop PC disctop

Per equipment 3.6kg 0.1kg 2.1kg 8.2kg
Discarded at 2011 60,000 40,000,000 6,700,000 5,000,000
Annual amount 211t 5600t 1400t 4000t
gols 3kg 1,900kg 2,000kg 2,500kg
silver 16kg 10,000kg 5.600kg 15,000kg
copper 4800t 510,000t 550t 2,200t

Amount of recycled metal by the law of small size electric households rcycling

2013 2015 Requisite for
Olympic medals

46kg 143kg 214kg 9.8kg

Ag 446kg 1566kg 2563kg 1210kg

Cu 381ton 1,112ton 1469ton 700kg



Recovery of Gold from
Urban mine




2020 Tokyo Olympicis
In preparation
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Dream Island just after Tokyo Olymm

Deposit site of waste from mass consumption
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Waste landfill area of Tokyo in late 20th century.
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We construct Olympic stadiums :
in this area. Olympic becomes a symbol
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How can we make our economy circular and resource efficient? Re S O u rce effi C i e n Cy

Currently, we are using more resources than our planet can produce in a given time. We need to
reduce the amount of waste we generate and the amount of materials we extract

Exports

Figure 4: Aggregated resource use for technical materials
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aggregated resource use (“ecological footprint™)
N

NATURAL RESOURCES

Consumption &,

Materials

Domestic extraction Imports Incineration Landfilling

4 ai32 13 s
tonnes of materials per capita tonnes of matenials per capita tonnes of material per capita
were extracted in the EU, were imported to the EU. were exported from the EU.

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






Resources’ view
weight

Consumers’ view

One Mt.Fuji
100,000,000,000ton
100G ton

_ The natinal resource
Total volume of gold which which was diged for the
Human has been used is only 5
Three pools of Olympic three pools of gold.




Ecological Rucksack
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Important materials have great deal of Eco-Ruecksuck

In Japanese sense,
Every material has each a great number of guardian spirits,
and frequently you waste them. ,



A view of an artisenal gold mine, seen from a hill just outside the eastern Congolese town
of Kamituga, a mining town 180 km (112 miles) south west of Bukavu, January 18, 2006.
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' http://www.nimd.go.jp/kenkyu/review/h14/h14 _mercury_analysis_review.html



http://www.circleofblue.org/2012/world/global-gold-rush-the-price-of-mining-pursuits-on-
water-supply/
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E-waste (Electric waste)
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Eco-rucksuck for
Eco-ruecksuck of Hearing E-waste
mining

47.8ton

1600ton
95.1g

One recycled medal improve the resource efficiency.
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he world at 2100

* The minerals and fossil fuels from
natural resource is nearly zero.
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Consumption/capt. reaches developed level when GDP capt. reaches $10,000

Fe consumption / capita v.s. GDP/ capita from 1994 to 2014
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Rough forecast gets to be simpler,
(population) x (developed consumption level)
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Much more times of resources will be required by 2100.

Estimated demand up to 2100 v.s. current reserve amount
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The circulation society must
be promoted from right now.

Accumulated
consumption

4.49Gt 90Mt 224kt

Suppliable
with
natural
reserve

20Mt

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
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Circulation like the capillary blood.




BUSINESS MODELS

CIRCULAR SUPPLY-CHAIN

Raw mate RECOVERY & RECYCLING
PRODUCT LIFE-EXTENSION
SHARING PLATFORM

PRODUCT AS A SERVICE

00RO

ring

reatmen

Durability becomes the greatest
Keyword of Ecodesign

g”‘# ACHIEVING A CIRCULAR ECONOMY

U.S. Chamber of Commerce Foundation,
Supported by CCC’s Circular Economy Network
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Difference of Circular Economy(CE)
from conventional circulation society(3R)

I N -

aim

benefit
measure

EoF products
Economic

entity

motivation

Results oriented
Reduction of final disposal

Reduction of extra economic
burden of the society

Recovery of secondary raw
material

Subjects to be recycled as raw
material

Recyclers, mining company

Social responsibility

Concepts oriented
Improvement of Resource Efficiency

Creation fo new business different
from mas consumption

Multiple utilization of EoF products
Subjects to be used again.

Service suppliers, SME producers

Add-value toward sustainability
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essence of material loss
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@) spare material over-consumption

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

Mottainai Society
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Entity-centered to Behavior-

convenience
Goods

valie
value

service
value

Possession
value

utility

loE: internet of everything

ICT information communica tion |
technology Va u e

Mass production RRRDR



Different circulation society of EU from JP

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

Circular Economy

Zero
emission

production

resource



Vitlti=value Circulation

#Build

Sozyimabiity Desgn Institure

We already had a symposium

on “Multi-Value Circulation

At 18th August”

And next symposium will be held

24 January 2019.

emission



Requisite for materialization on Multi-Value Circulatior

Renewalizing technology

degration detectation
Multi material design
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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

trong, tender and dependable material for the social system of sustainability

Dependable as A2 Bt
father

Strong as Tender as ¥

elder brother mother Fu de zhuang
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Expand the human'’s Multi-Function structural materials Dependable materials
activity frontier which provide well-being in the which have reliability of
toward new nature-harmonized living space of endurance for sever stress
environment, such as the future. and its rapid fluctuation.
space, marine and Intelligent materials
underearth. fHsight : diversified design which predict, diagnose
strong, tough, F#iaural: selective insulation and respond to
anticorrosion, heat fiitouch: organic-touch inorganics deterioration.

resistant, light-weight,  [&skin: moisture control etc.

multi-function

Halada: Sept. 2013 at Beijin
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Recycle has three roles



BiREhE— 5 —

W5
H = B
BT
=" N
= f
Lk altalih
0% 20% 40% 60% 80% 100%
LCD B EEA
| [T PCB
= :
= i — Ag 0.05% cement
As = 0,
e — T# | 20002000 & Au 0.02%
= Ag 0.262 Co 0.06%
L R Au 0.113 o
(F;u 0.01~0.1 Co 0.031 Cu 5%
> 00T Cu e Dy 0.0039
In 0.01—0.1 .
Mz | O] Dy 0.014 Y f’
Mo In 0.008 In 0.0015%
= S Nd 0.02%
S1 1030 =
T — %'m ﬂ{;élﬂl Ta 0.04%
L a .
= W 0.132 W 0.025%




Two different types of recycling

Recovered metal

scrap virgin

Dilution-type Extraction-type

: Fe,Al,plastic, paper. glass Rare metls, precious metals
De-grading of material much waste than obtained



Structure of the issue of E-waste
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Dilution-type Extraction-type

: Fe,Al,plastic, paper. glass Rare metls, precious metals
De-grading of material much waste than obtained




On Dilution-type recycling, we should pursue horizontal recycling

Technology for horizontal recycling

* Metal : control by structure not by composition O
* Plastic : science of strength of polymer and additives

e ceramic : healing technology of damage

Searching of

Lower cost Same
utilization performance

A



Dilution-type Extraction-type

: Fe,Al,plastic, paper. glass Rare metls, precious metals
De-grading of material much waste than obtained




Recycling goes back to supply chain

Raw material

Recycled metal is €==
transferred into
global market

High-tech High-tech "
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Fine chemical recycle of Co from LiB

Cobalt oxide

#9¥9000/kg Co Ll oxide
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Fabricator generates
high value secondary
resources

But they have no facility
To refine them.
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Let us make the Mottainai World!
Wide-area Multi-value Circulation

Circular Economy of productive Asia

reliability \
durabiliity
: Material hearing

Material recovery

Residue Recycle Material stabilization

Material science




