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SCIENCE HAS WON AGAINST ECONOMY

- JAPANESE GENSO SENRYAKU
(PROJECT OF STRATEGIC ADVANCED MATERIALS)
FOR RARE EARTH AND CRITICAL METALS-

Kohmei HALADA

National Institute for Materials Science
President of Inst. Japan LCA
President of Ecomaterilas Forum




efficient use
alternatives

recycling
S&T project for advanced strategic elemnts

Japan government launch a project named GENSO SENRYAKU

* Dy Metal 99% min FOB China (CH) $ikg 605 » 1 Metal 55% min FOB Chi N
t
* Ce Oxide 99% min FOB Chin e

company
160 k Launch the Tohoku
Project Univ.
140 k Dy 40%
reduce
120 k Public
Subscription
100 k of Research
80 k
kick off
50 k .
meeting on
40 K GENSO
SENRYAKU electric
20 k appliance

makers
Dy-free motor

2 2004 2006 2008




Science & Technology of Elements P roject

@ collaboration of METI & MEXT®

*Integrated strategic committee has put in.
It covers from fundamental studies to practical studies.

MEXT NEDO(METI)
Science & Technology of Elements Project Rare metal substitution Project

Wide spectrum of element selection Elements which need urgent action
From fundamental science, (In. Dy, W, PGM, Tb. Eu, Ce)
aiming for radical substitution or drastic ) Practical destination of research,
reduction in quantity Intensive R&D
Paradigm shift of materials resea}h/

-‘1—

- o Y

Substitution of rare elements into abundant one
Drastic improvement of materials efficiency

Check & Re-built each theme
v v

Scientific bases for next generation, Numerical target of reduction in quantity.
Proposal of application research by 5 years || Sample level production by dyears
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Progress of discussion on criticality index of metals

Department of Energy; Criticality Matrix

P — DOE matrix
l-o:o . .
5 g; S (importance)
il == - X( supply risk)
.15 %
E 1 bt Urmient
i - sy

Criticality has Di cepts
Criticality for global
sustainability

Criticality for supply chain

= supply chain risk

damage

Global environment
GJZCU A
. o
risk o o oo SupD|
€3¢ upply
S_DCDg chain
N ©3C risk
probability 'CO®
O cC
N O

Probability of
Supply chain is damaged




Technical material
e 00
manufacturing
technical basic substance
“synthesis”

RAW MATERIAL Wiste 2

exctraction

aggregated resource use (“ecological footprint™)
v
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NATURAL RESOURCES
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Prices have changed more drastically

Not linear, —&— [ron ore
Logarithmic o Maximum peak
scale of Nd was 60
—&— Cu times
‘g 10 —8— Co |
~ —e—Nd
8 » .
x b | [
8 B |
= 1 G
Q
Co keeps
nearly two
times of price
0.1

2000/1/25 2003/3/10  2006/4/23 2009/6/6 2012/7/20 2015/9/3



Historical resource price from 1900

now
120 { We had three peaks of prices }
W during the former century
100 —Ilron Ore |
—Cl
80 —Au Oil shock "
—cement
60

40

20

1900 1920 o0 1960 1980 2000 2020

After the peak, prices shifted higher levels »
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Fig.1 meta production index (1945base)




Figure 2.13. Ore grades of gold mines, 1830-2010

@ Australia
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Gold ore grade ® South Africa
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Sustainable reserve development line
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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

1600 J $10,000 /capita

—&— China —&— |apan
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GDP/capt. has
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GDP/capt. of all countries
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Rough forecast gets to be simpler,
(population) x (developed consumption level)

5,000,000,000 .
steel consumption forecast (ton)

Consumption ’
prediction
with
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only
prepotent

countries .
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Much more times of resources will be required by 2100.

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

32
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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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20151202
ENVIRONMENT http://ec.europa.eu/environment/circular-economy/index_en.htm

European

Commission
uropean Commission > Environment > Circular economy

Home About us Policies Funding Legal compliance News & outreach

Circular Economy Strategy FEE YA TA

Closing the loop - An EU action plan for the Circular Economy

The European Commission adopted an ambitious Circular Economy Package, Circular Economy... it's the way forward
which includes revised legislative proposals on waste to stimulate Europe’s
ransition towards a circular economy which will boost global competitiveness,
foster sustainable economic growth and generate new jobs.

The Circular Economy Package consists of an EU Action Plan for the Circular
Fconomy that establishes a concrete and ambitious programme of action, with
measures covering the whole cycle: from production and consumption to waste
management and the market for secondary raw materials. The annex to the acticn
nlan sets out the timeline when the actions will be completed.

The proposed actions will contribute to "closing the loop™ of product lifecycles
through greater recycling and re-use, and bring benefits for both the

orironment and the economy:

The revised legislative proposals on waste set clear targets for reduction of
waste and establish an ambitious and credible long-term path for waste management and recycling. Key elements of the revised waste proposal include:

« A common EU target for recycling 65% of municipal waste by 2030;

+« A common EU target for recycling 75% of packaging waste by 2030;

+ A binding landfill target to reduce landfill to maximum of 10% of all waste by 2030;

« A ban on landfilling of separately collected waste;

« Promotion of economic instruments to discourage landfilling ;

« Simplified and improved definitions and harmonised calculation methods for recycling rates throughout the EU;

+« Concrete measures to promote re-use and stimulate industrial symbiosis - turming one industry's by-product into another industry's raw material;

+ Economic incentives for producers to put greener products on the market and support recovery and recycling schemes (eg for packaging, batteries,
electric and electronic equipments, vehicles).

547 el (C) Shift+Alt+F12
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The circular economy S Eanax

Walter R. Stahel

23 March 2016

A new relationship with our goods and materials would save resources and energy and

Can a video game company tame toxic
behaviour?

create local jobs, explains Walter R. Stahel.

- Scientists are helping to stop antisocial behaviour in
5] poF | W, Rights & Permissions the world’s most popular online game. The next stop
could be a kinder Internet.
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Figure E1: Simplified illustration of
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Figure E2: Simplified illustration of a circular econom
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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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Achieving a Circular Economy:
How the Private Sector Is Reimagining the Future of Business

with the customer in the long term and help him
reduce his lifecycle owning and operating costs."—
Bob Paternoga, Cat® Reman General Manager

Caterpillar has a number of examples of this in its
product portfolio. One of the
most well-known involves an
engine block with a removable
sleeve in the cylinder bore. When
the component is recovered, this
material can be removed and
replaced to return the engine to
as-new performance. Previous
techniques for remanufacturing
engine blocks have involved
reboring the engine cylinder and
using a larger piston, but this

can be done only up to three
times before the quality of the
product is affected. Additive
manufacturing is also another
option in use—cylinder bores can
be resprayed with metal to return
them to as-new condition.

is returned (as long as it meets core return criteria).
The core deposit is generally the difference between
the remanufactured part price and the new part
price, thus incenting the customer to return the

core and repair before failure. The high rate of core
returns—94% in 2014—enables
Caterpillar to salvage more parts
from returned cores, driving down
remanufacturing costs. True to

the definition of remanufacturing,
Caterpillar's remanufactured
products meet original tolerances
and specifications, and are tested
to ensure that performance is the
same as when new, if not better. All
Caterpillar remanufactured products
are sold with the same warranty
afforded to new Caterpillar parts.

“Some companies may wash,
repair, and paint, but true
remanufacturing requires complete
disassembly, inspection against
engineering criteria, and additive

——a T A
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Requirement of Lifecycle Design for Environment
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