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GE Rare Earth Usage
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GE Criticality Diagram
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OEM Technology Options in Addressing Metals Supply

Challenges
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» Sort & categorize
manufacturing
scrap to maximize
recycle

* Use of recycled
materials

* Minimize use of at-
risk process
materials

* Near-net shape
manufacturing
processes

)QSystem substitutioy

* Design for ease of
recycling and re-use

» Material design to
minimize at-risk
elements

* Material substitutions

Each element and each application will use a unique mix of options
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Material Substitution

Rare Earth Reduction

Strategy

0%

Only for highly optimized
materials & systems

5-20%

Material composition
optimization

Recycling
(manufacturing yield and
end-of-life)

20-80%

Material Substitution

Up to 100%

System Substitution

Multiple Solutions at the Material Level —
Goal Is To Undertake Technical Programs With A Mix
That Results In Significant Reduction
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System Substitution

Incandescent ('\y; lO
Lamps \{W/ o

o |Tc n e
a r ]
\ il |
/ [Ce [Pr [Nd [Pm [sm [Ev [&d [Tb [Dy [Ho [Er [Tm [Yb [Lu
Th [Pa [U NplmlAmloanarsFdeNou

3l B <] #

"
ez L
_ R
® = &
fﬂ 4 e
IR £ e
a: 3

347:
<@
N =
&

=P R
il il el
]

mmmmmm

vV |O [Mn [Fe

[Tc  |Ru

[

-
EIE
5

la [Hf [Ta W |Re |[Os
inﬁummalﬁdmmm'ﬁmwm
ThPalUNpRtAlenE(GElFdeNoLr

imaginaton atwork Multiple Solutions at the System Leve

e |[Tm [vb

Pu [Am [Cm [Bk |Cf [Es [Fm [Md |No

6/7
S. Duclos
2010-12-17




Research Approaches

Rare Earths

e Lighting
* Recycling of fluorescent lamp phosphors
* Development of phosphors with reduced RE

content

 LEDsS/OLEDs

 Permanent Magnets / Wind
* Development of PM recycling approaches
e Development of PMs with reduced RE content
o System design solutions

Tellurium
e CdTe solar
» Develop technology to reduce the CdTe layer
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