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Materials scarcity: what matters is productionrate
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Most important limits:

- depletion of resources of higher 

quality and with better accessibility 

- energy scarcity

- lack of (real) capital
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Energy scarcity

Source: The Olduvai Theory, Richard C. Duncan, 1989 and 2006

probability?

probability?
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extremely energy intensive 

to extract

Source: ñExploring the resource baseò 

Brian J. Skinner, Yale University, 2001

Elements of the Earthôs crust:

the bulk is out of reach

Ó 0.1% by mass < 0.1% by mass
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Europe and the USA have already depleted a 

significant part of their useful resources

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

ÅGlobally weôll loose, regionally there will be winners

ÅAccess to resources:

üby owning them

üby buying them (with real purchasing power)

or by barter

üby force

Current / Short term demand > supply: 

precious metals (Ag,Au,PGM), most rare earth metals (LA), 

III/IV minor metals (Ga,Ge,In,Tl), tungsten group (W,Ta,Zr,Nb,Mo), é..

Long term demand > supply:

all metals except Elements of Hope (include Fe,Al,Mg)
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Technology softens the consequences,

donôt expect miracles

ÅTimeliness? 

(think in decades, not years)

ÅEconomic scaleability?

ÅTechnology has to abide with the 

laws of thermodynamics!

ÅóSolutionsô increase risks and efforts        

related to next level of problems

ÅAre 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 ñmanaged austerityò)

2. Longer life

3. Re-use and recycle

4. Substitute

5. Product and 

process

(re)design

6. Buffers 

H C N O P S Cl non-metal elements

Na Mg Al Si elements of hope

K Ca Fe

Ti Cr Mn Cu

B F Ar Br critical elements

frugal elements Li Be Sc V Co Ni Zn Ga

Ge As Sr Y Zr Nb Mo PGM

Ag Cd In Sn Sb Te Ba REM

Ta W Re Au Hg Tl Pb Bi

Source: A.M. Diederen, Metal minerals 

scarcity: a call for managed austerity and 

the elements of hope, March 10, 2009
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Roadmap towards ñsustainabilityò?

2010 2020 2030

energy consumption 

per capita like 

1950s/1960s

Product lifetime 

doubled or tripled

energy consumption 

per capita like 

1960s/1970s

Product lifetime 

increase Ó 50%

Recycling 

overall 50%

Recycling 

overall 90%
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ñmanaged austerityò 

and design philosophy


