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The Earth is
shrinking

YEAR
Global hectares of surface per person

Now we are using 1.5 Earths per year.
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RAW MATERIAL AVAILABILITY
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Methods of resource estimation

1. Business as usudiAl)

2. Time betweemnpeak discovery and peak
production <40 years

3. Hubbertcurves

4. WORLD System dynamics modewith
stakeholder groupmodelling
1. Integration with econometric model GINFORS

2. SIMRESS
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Colin Campbell

"oy, ASPO founder
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Figure 8. Hubbert-curve fittings for gold (a) silver (b), copper (c), zinc (d) lead (e), indium (f), iron (g), molybdenum
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Table 2. Estimated burn-off times according to the different recycling, materials use and populations scenarios,
output estimates of burn-off times are in years. The time to scarcity as estimated with the Hubbert’s curve or a
systems dynamics model (Sverdrup and Ragnarsdottir 2011) would be the double of this estimate. All values are
years counted from 2010 and forwards.

Burn-off

Element | BAU [ 50% |  70% ] 90% | 95% [ 95%+3bn | 95%+3bn+,
The structural metals
Tron 126 316 316 632 1,263 2,526 . .
Aluminium 132 184 461 461 921 1,842 3.684 t m
Nickel 209 419 838 1,675 3,350 I e I S a
Copper 157 314 628 1,256 2,512
Zinc 123 245 490
Strategic metals and materials u S e f u |
Manganese |_ A 229 457 914 1,829 3,668
Indium (Zn) | 379 759 1,517 3,034
Lithium [ 490 980 1,960 3,920 - -
Rare Earths 8,636 17.273 34,545 | 69,000 I ag n OStI C
Yttrium | 607 1,213 2,427 4,854 | 9,708
Zirconium 107 533 1,067 2,133 4,267 | 4,554 . .
Tin | 301 602 1,204 2,408 d t f
Cobalt 677 1,355 2,710 |8 5,419 | 10,838 I n ICa Or O
Molybdenum 358 717 1,433 2,867 | 5.734
Rhenium (Mo) 125 250 500 1,000 2,000 . .
Lead 181 361 722 1,444 ScarCIt rISk
Wolfram 258 516 1,031 2,062 4,124
Tantalum (Nb) 1,371 2,743 B 5486__  10,971_| 22,000
Niobium (Ta) 360 720 1,440 2,880 | 5,760
Helium i 175 349 698 1,396
Chromium 1674 3348 | 6.697__ 13.400_| 26,800
Gallium 3,500 7,000 14,000 28,000 | 56,000
Arsenic 309 618 1,236 4,946
Germanium 700 1,400 2,800 5,600 | 11,200 %
Titanium 2,000 4,000 8,000 16,000 | 32,000
Tellurium (Cu) 1,933 3,867 7,733 15,467 30,934
Antimony 175 350 700 1,400 2,800 R e d I a m S
Selenium 5,208__ 10,417__ 20,833__  41,667_ 83,000
Precious metals
Gold (Ag) 357 714 1,429
Silver (Cu) 214 129 857 h ave CO I ' | e
Platinum (Ni) 1,091 2,182 4,364
Palladium (Ni) 913 1,826 3,652
Rhodium (Pt) 660 2,640
Uranium 597 23,887 O n
Thorium 1,837 73,500
The limiting nutrient for all life
Phosphorus 640 3,200 25,600
Legend, yrs 100-500 500-1,000

Will run out of 18 out of 43 next 50 years
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Some of thesubmoj[ijlesto WORLD model

A STEELlincluding thd RONmodel A ENERGYncluding models foall

and submodules forCr, Mn, Ni. types of oi] gas and coal extraction,
Huge consumption of fossil fuel, iIncluding conventional and
produce large amounts of GO unconventionalreserves

A ALUMINIUMfor aluminium A KLIMA a very simplified global
production and large consumption change model for approximating
of energy, potentially large climate change impacts of resource
amounts of CQ extraction anause

A BRONZENcluding models for A CEMENTTasubmodulefor creating
COPPERndznc, and the building materials out of stone,
dependent metals germanium, gravel, sand, limestone and energy.
gallium, indium, cobaltSILVERNd Huge consumption of fossil fuel,
tellurium. produce large amounts of GO

A FoF includingphosphorus soils, A LANDfor distribution between
agricultural landsand population agricultural land, forest land, urban
dynamics (demography, numbers, land and impediment
migrations A WOOD biomasgroduction from

A PGMs, SILVER, GOfbbprecious forested ecosystems g
metals V3¢
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Combining WORL isystems dynamics with
GINFORS econometrics: SIMRESS
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Il Peak almost every-
thing this century

Past peak for 9

5 will peak next 10 years

6 will peak 10-20 years from now

4 will peak 20-30 years from now

HASKOLI iSLANDS



