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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).
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Global Greenhouse Gas Emissions (GtonsCO,e / year)
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Environmental white paper, Japan
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http://www.aisinc.co.jp/about_colorfilter_3.html/
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Electricity consumption of residence in Japan
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Material for Power Generation and Storage
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Next generation photovoltaics
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Basic Research on Superconductive towards energy saving
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Next-Generation Refrigeration “Magnetic Refrigeration”

Magnetocaloric effect s Magnetic refrigeration

Changes in tempearature and heating valus
(heat absorption'heat genaration)
induced by external magnetic field.

Micro atomic magnet

Table 1 Representative examples of magnetic refrigeration materials.
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New materials enable more efficient use of thermal energy
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Light-weight high-performance hybrid materials
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Breakthrough in RE-free Wrought Mg Alloy
RE-free Low Cost Mg-Zn-Ca-Ag-Zr alloy
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Achieving high strength by aging

Development of Industrially Viable Wrought Mg alloy

» Excellent room temperature formability like Al alloys
» High strength achievable by nanostructure modification.

Research Achievement C. L. Mendis et al., Scripta Mater. 64 (2011) 335-338.
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Wide-band-gap materials
for optics and electronics
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Sialon Fluorescent Material

with High Brightness and High Efficiency

Durable phosphors have been developed by introducing the
luminescent ions such as Eu into the crystal of SiAIONs.
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Energy efficient Magnetic Material
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Neodymium Magnet without Dysprosium

A method for increasing the coercivity of neodymium
magnet powder without using dysprosium
» Thickening of the Nd-rich grain boundary phase could be
attributed to the coercivity enhancement.
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* The systematic nanostructure analysis of existing neodymium magnets using 3D Atom Probe
reveals that the coercivity can be improved by decoupling the ferromagnetic interactions

between the crystal grains.
Scripta Materialia, 63, 1124 (2010)



G7 Ise-Shima Leaders’ Declaration

Resource Efficiency and the 3Rs G7 Ise-Shima Summit, 26-27 May 2016

Achieving the sustainable management and efficient use of resources is addressed in the 2030
Agenda and is crucial for the protection of the environment, climate and planet. Having in mind the
importance of sustainable materials management and material cycle societies, we endorse the
Toyama Framework on Material Cycles. This new framework provides a common vision and a guide
for future actions to deepen our efforts on resource efficiency and the 3Rs (Reduce, Reuse, Recycle).
We will continue to cooperate through the G7 Alliance on Resource Efficiency. We will work with
business and other stakeholders to improve resource efficiency with the aim of also fostering
innovation, competitiveness, economic growth and job creation. We encourage all countries to join

us in these efforts.

We reaffirm our commitment to address marine litter, recognizing that our efforts on resource
efficiency and the 3Rs also contribute to the prevention and reduction of marine litter, particularly
plastic, from land-based sources. Furthermore, we support scientific work to enhance global ocean
observation and assessment for the science-based management, conservation and sustainable use

of marine resources.
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Figure E2: Simplified illustration of a circular econom

The Environment
Recycling Companies
The Economy

Recycling / Reuse

Remanufacturino - Refurbishment Waste Managmm
Product Companies
Pasts Manutacturer Mantenance -
Marnutactures

reuse

destnbution
Raw material incdosrial Maintenance Energy
extractors Symboss

Recycln Recovery
(BCycing D'mbuuon: Product Re-Use /
Raw mflm Eco-dewign :;ﬁ::’lnt; - Second "1.}'|u //
extraction Outputs: Y °"“‘"‘””' Goxx '
(Technical Materials) Production mm< Products e

Process Me< Services :.E Psrg\fxslgn W Publlic. private sector, g Collectlon M
Biological resources &

. Househokis
WBS(e " g lcas'ng
Ecosystem snnarnal Maserial

s Exports
Services provision Reuse

Cascade
(Domestic) ' ' . Retailers & A Food Shating
. Byproduct ' Service Providers
Re use
Farmers, loresters,
fishers

Extraction of biochemical feedstock,
Anaerobic digestion / biogas

& Compaosting
Farmers & Agro-food

industry v

[~ v on e

Source: Own representation, P ten Brink, P Razzini, S. Withana and E. van Dijl (IEEP), 2014



100000
10000
1000
——e—BRA —@®—(CHN =——t—EGY —IDN
—— IND —i—JPN =——fe—MEX =——t—NGA
= PAK RUS +—SAU —E—TUR
e \\/| D
100
2000 2010 2020 2030 2040 2050 2060



Fe consumption / capita v.s. GDP/ capita from 1994 to 2014
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Estimated demand up to 2100 v.s.
current reserve amount
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TR W Research Article
Vol o1t e sosss 0peges Lif€ Cycle Impact of Rare Earth Elements @

http://dx.doi.org/10.1155/2014/907536

Hindawi
P. Koltun' and A. Tharumarajah®

TaBLE 4: Life cycle inventory and impact for the production of 1 kg RE oxides using price-based allocation.

. RE oxide Classification PRy consmption Water consumption, kL Ravirenmental bupact
I e GHG emissions capmecs
Electricity, M] Heat, MJ A depletion, M]
kg 01 €5 surplus
La, 0, Light 26.13 34.39 12.82 1116 12.52
CeO, Light 2412 31.74 11.83 10.30 11.56
Pr,O, Light 190.97 251.28 93.69 81.53 91.52
Nd,0, Light 154.78 203.67 75.94 66.09 74.18
Pm,0, Medium 0.00 0.00 0.00 0.00 0.00
Sm,0, Medium 37.95 62.16 22.74 17.73 20.59
Eu, 0, Medium 347218 5686.98 2080.32 1622.04 1883.96
Gd,0, Heavy 121.12 198.38 72.57 56.58 65.72
Tb,0, Heavy 2826.83 4628.93 1718.02 1325.42 1538.92
Dy,0; Heavy 1574.95 2578.98 95718 738.45 857.40
Ho, O, Heavy 0.00 0.00 0.00 0.00 0.00
Er,O, Heavy 12438 203.67 75.59 58.32 67.71
Tm,0, Heavy 0.00 0.00 0.00 0.00 0.00
Yb,0, Heavy 111.65 182.83 67.86 52.35 60.78
Lu,0, Heavy 0.00 0.00 0.00 0.00 0.00
Sc,0, Heavy 11630.4 19044.8 7068.42 5453.15 6331.55
Y,0, Heavy 80.77 132.26 49.09 37.87 43.97




2.1.2 Roasting by vitriol

* Advantages:

v’ easy to be produced in a large scale;
v" low cost;
v’ high recovery rates of REs

* Disadvantages:|[7]

v’ radioactive contamination caused
v’ unrecoverable @ ies in slag;
v" hard to recovery the exhaust gas and slag contained Fl

* Treatment on solution of RE sulphates:

v" extraction and stripping

» High recovery rate and productienquality; but high investment
v" deposition by ammonium carbonate; (widely used

» Low investment; but high running cost a
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2.4 RE metals and alloy

 The main prepareing techniques of RE metals and alloy:
v molten salt electrolysis NIDBMARN
v metallothermic reduction :
v fire refining
(1) Molten salt electrolysis: T :
a) Oxide electrolysis:

»  Taking RF;-LiF as molten salt, graphite as anode and tun W)
bar as cathode, RE oxides weré electrolyzed at 980~1050C to
obtain liquid RE metals.

»  This method was widely utilized to prepare La, Ce, Pr, Nd, PrNd,
DyFe and GdFe.

b) Chloride molten salt electrolysis:

»  Taking RCl;-KCl as molten salt, graphitic cell as anode and tungsten
(W) bar or molybdenum (Mo) bar as cathode, RE oxides were
electrolyzed at 980~1050 C to obtain liquid RE metals.

»  This method was mainly used to prepare RE alloy with low Mg/Fe
and high La/Ce.

> Disadvantage: chlorine pollution

WHSS oV, WFA,L 050~




Resource(-end)-view weight

Consumer end

/ extraction

Kgmetal - 6kgconcentrates- 300kqg ore
-

Metals

TMR: Total Materials Requirements, or Ecological rucksacks *



Ecological Rucksack

3g platinum ring

More than 1.5ton ecological rucksack
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1kg R.E.E. Is nearly equivalent to 1 ton Fe by environmental view
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Develop more efficient material with less TMR

F1IvVIiLN bUIIII\JUI IOVII VI OUNMNOLILULIVUILI

from Sm-Co to Nd-Fe-B

L ews | e
1 B
FE . : v
1560000 A O 15

Atomic mass 50 59
mass% _ 0.23 0.77
TMR coeff. - 16 15
(t/kg)

TMR(t/kg) 15.2
Max. energy 200
product J/m?3

TMR/max.energ 1

y product index

Nd-Fe-B has 50 times better resource efficiency.
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calcination

leaching

Solvent
extraction

oxide

Molten salt
electrolysis

R

Recycling reduces the environmental impact

iIn mining and production

L Waste powder Surface Solid scrap
20-30%
J treatment 3-5%
oxidization processing Removal of Ni
Acid : : Vacuum melting
solution sintering .
Plasma melting

Problems of recycling rare earth magnet

easy to be polluted with oxygen etc.
molten salt electrolysis with high energy consumption is required.

elemental separation is required because of the composition variance of producer
degaussing is required

W1% O C N
Initial metal <0.05 <0.03 <0.01
magnet 0.7 0.04 0.008
Polished powder | 1 ~5 0.5~2 0.5~1




Head

!

ly Developed Emulsion Flow Solvent Extraction Technol

Drastic change in vertical
linear velocity
of organic droplet flow

Pump Aqueous solution

containing REE

Countercurrent and Resistive
contact of aqueous flow and
organic droplet flow

Emulsion flow
disappearance

Emulsion flow generation
(Fine mixture of aqueous and
organic phase)

disappearance

Emulsion flow “

Organic droplet spout up words
from head with a number
of fine holes

e Drastic change in vertical

linear velocity
of aqueous droplet flow

Tachnolagy Mevelopawnt

NOTE : Emulsion flow solvent extraction technology has been developed by Japan Atomic Energy Agency (JAEA).




Yachioolagy Bevelopamnt

velopments of REE (Nd,Dy) Mobile Recycle Plan

Nd/Dy separation &
purification equipment

Proposal in the first

EU-US-Japan trilateral Nd-Dy recovery equipment d

. Model I (2014-2015 .
conference on critical  Model I (2011-2013) Nd-Dy recovery equipment ( ) Nd/Dy separation &
materials (2011) Model TT (2014-2015) purification equipment

Model I (2015- )

20ft International standard container

Note: These development projects have been supported by METI and NEDO from 2011 to 2015
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New Concept of Rare Earth Urban Mining

with REE Mobile Recycle Plant

[Present State]

]
|,
2

_|I

- Process scrap R
;o -
W, o .
| AL
_ |

[New Concept])

Urban mine mapping based on global material flow
analysis (MFA) and life cycle assessment (LCA) of Nd
magnets will support the new concept of rare earth

urban mining.

Urbap mine

[ ||
Process scra .& Q'D i - TE &
Jam—— Process scrap } 2 x’,‘\
P | Comp|ementa ry Urban mme@ - - Urban mine
T ;xif-iting ‘ relationship ' 2
= a o\ pam Y o / Mobile Recycle,
‘= , ~ -y L . Plant with | s
Process scrap I \ GPS*loT
Process Scrap i @ 4 % N I N
;, - y Urban mine L:l’rban m|n:
= ar m—

Process scrap

Nd magnet scrap collected from mass
production manufacturing plant

Y
=,

Urban mine

Mobile recycle plants go to urban mines and recover REE
from end-of-life products in a global network

(Remote and real time management utilizing GPS, 10T)




From the view point of Carbon zero society,
REE technology will give a great contributions to it.
From the view point of resource efficiency,
resource view weight REE is considerable quantity.
In order to reduce the environmental impact of production, it is important
to develop higher efficient material with less TMR element and

to enhance recycling.



