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Electricity consumption in Japan

Electricity consumption of industry in Japan



Electricity consumption of residence in Japan

経済産業省エネルギー白書2006
出典 : 環境省地球環境審議会資料p126
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Material for Power Generation and Storage
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Next  generation photovoltaics



Basic Research on Superconductive towards energy saving



Next-Generation Refrigeration “Magnetic Refrigeration”



New materials enable more efficient use of thermal energy



Light-weight high-performance hybrid materials



Conventional alloys without REE

Gd addition

Substitution Gd
to LREE

REE free



Wide-band-gap materials

for optics and electronics

Y,Eu
Tb,La,Ce

Eu



Durable phosphors have been developed by introducing the 

luminescent ions such as Eu into the crystal of SiAlONs.

• Superior to durability and high temperature stability
• Excitation by blue LED

Research
impact

Sialon Fluorescent Material 
with High Brightness and High Efficiency 

Efficent use of REE



Energy efficient Magnetic Material



• 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.

• 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.

3DAP map of Nd and Cu 

of the diffusion processed 

sample

Initial Powder
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Scripta Materialia, 63, 1124 (2010)

Research
impact

Neodymium Magnet without Dysprosium

REE free













Fe consumption / capita v.s. GDP/ capita from 1994 to 2014
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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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14kWh/kg-REE



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 
43
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http://www.akita-ecotown.com/english/kinzoku_re.html

3g platinum ring

More than 1.5ton  ecological rucksack
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CO2 emission during 
mining and extraction

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



モーター
(レアアース)

1.2kg Nd磁石/台

=

希土類金属は
鉄の約1000倍の
環境インパクト



TMR comparison of substitution 
from Sm-Co to Nd-Fe-B

Fe-Nd-B Sm-Co

Fe Nd B Sm Co

14 2 1 2 17

Atomic mass 56 144 11 150 59

mass% 0.72 0.27 0.01 0.23 0.77

TMR coeff.
(t/kg)

0.008 12 0.14 16 15

TMR(t/kg) 0.46 15.2

Max. energy  
product J/m3

300 200

TMR/max.energ
y product index

0.02 1

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

Develop more efficient material with less TMR
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Wt% 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

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

Recycling reduces the environmental impact
in mining and production



Newly Developed Emulsion Flow Solvent Extraction Technology
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NOTE : Emulsion flow solvent extraction technology has been developed by Japan Atomic Energy Agency (JAEA).



Proposal  in the first 
EU-US-Japan trilateral  
conference on critical 
materials (2011)

Nd/Dy separation &
purification equipment  
Model Ⅰ(2014-2015)Nd-Dy recovery equipment 

Model Ⅰ (2011-2013)

H : 2.3 m
(W : 2.3 m)

L : 5.9 m

20ft  International standard container

Nd-Dy recovery equipment 
Model Ⅱ (2014-2015)

Nd/Dy separation &
purification equipment 
Model Ⅱ(2015- )

Developments of REE (Nd,Dy) Mobile Recycle Plants

Note: These development projects have been supported by METI and NEDO from 2011 to 2015 

http://jp.123rf.com/photo_31820170_トレーラーと白い背景の上のコンテナーのイラスト。.html?term=造船所
http://jp.123rf.com/photo_31820170_トレーラーと白い背景の上のコンテナーのイラスト。.html?term=造船所
http://jp.123rf.com/photo_31820170_トレーラーと白い背景の上のコンテナーのイラスト。.html?term=造船所
http://jp.123rf.com/photo_31820170_トレーラーと白い背景の上のコンテナーのイラスト。.html?term=造船所


New Concept of Rare Earth Urban Mining 
with REE Mobile Recycle Plant

Complementary 
relationship

Urban mine

【New Concept】

Nd magnet scrap collected from mass 
production manufacturing plant

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, IoT)

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.

【Present State】
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Process scrap

Process scrap

Process Scrap

Process scrap



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.


