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Materials scarcity: what matters is productionrate

: Most important limits:
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Energy scarcity

! probability?
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industrial civilization = 100 years
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El ement s of t hhe Eart hos
the bulk Is out of reach

1% by mass < 0.1% by mass
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GRADE
extremely energy intensive
to extract
Sour ce: AExploring the r
Brian J. Skinner, Yale University, 2001
A
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Europe and the USA have already depleted a
significant part of their useful resources

% of global mining
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Source: Magnus Ericsson (Raw Materials Group), 2010
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What does this mean (globally)?

AGl obally wedll |1 oose, rdggionally

AAccess to resources:
U by owning them
U by buying them (with real purchasing power)
or by barter
U by force

Current / Short term demand > supply:
precious metals (Ag,Au,PGM), most rare earth metals (LA),
[1I/1V minor metals (Ga,Ge,In,Tl), tungsten group (W, Ta,Zr,Nb,Mo) , e .

Long term demand > supply:
all metals except Elements of Hope (include Fe,Al,MQ)

|
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Technology softens the consequences,
donot expect miracl es

dorT WoRRY- Tecunarocy ATimeliness?
| SAYE Yev. . .
bl (think in decades, not years)

AEconomic scaleability?

ATechnology has to abide with the
laws of thermodynamics!

Ab Sol utionsod incre
ey related to next level of problems

AAre we making the right choices?

|
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Solution framework with intrinsic benefits,
applicable to energy as well as metals

1. Use less (involves human behaviour and imanaged austerityg
2. Longer life
3. Re-use and recycle
4. Substitute ====3 H CN O P S CI non-metal elements
5. Product and
Na Mg Al Si ——|elements of hope
process K Ca Fe
(re)design
6. Buffers Ti Cr Mn Cu
B F JAr Br wJ—Ccritical elements
I N
frugal elements Li Be Sc¢ V Co Ni 2Zn Ga
Ge As Sr Y Zr Nb Mo PGM
Source: A.M. Diederen, Metal minerals Ag CdInSnSbTe  Ba REM
scarcity: a call for managed austerity and @ W Re Au Hg T Pb B
the elements of hope, March 10, 2009
A
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requires i
Roadmap towar ds [dmmsnk§eld Qalu I
and design philosophy
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