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The Earth is 

shrinking 
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Global hectares of surface per person 

Ecological footprint = the land we need to provide daily needs and take up the waste. 

Now we are using 1.5 Earths per year. 

WWF, Rockström et al. 
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NASA 

World Bank 

WEF 

80 individuals have  

as much wealth as  

3.6 billion people!!! 
   Oxfam 
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Exponential growth forever? 
Doubling time 10 -20 years ς 3.5-7% growth 

Sverdrup et al., 2013  Man is a geologic force 
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Growth 

 

ά!ƴȅƻƴŜ ǿƘƻ ōŜƭƛŜǾŜǎ 
that unlimited growth is 
possible in a limited 
world is either a 
madman or an 
ŜŎƻƴƻƳƛǎǘέ    
         Kenneth Boulding 

                          Economist 

 

 

 

ά¢ƘŜ ƎǊŜŀǘŜǎǘ 
imperfection of 
mankind is that it does 
not understand the 
consequences of 
ŜȄǇƻƴŜƴǘƛŀƭ ƎǊƻǿǘƘ έ  

        Albert Allen Bartlett 

                       Mathematician 
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Limits to Growth 1972 ï Meadows et al.  

We are following the 

ò standard runò from  

1972 

We are now here 
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RAW MATERIAL AVAILABILITY 
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Methods of resource estimation 

1. Business as usual (BAU) 

2. Time between peak discovery and peak 
production  <40 years 

3. Hubbert curves 

4. WORLD - System dynamics model ς with 
stakeholder group modelling 

1. Integration with econometric model GINFORS 

2. SIMRESS 
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Peak energy 

Coal 2015 
Oil 2006 

Global energy 2020 

ASPO 

é but we can only burn 

 20% of what is lefté 
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Colin Campbell 

ASPO founder 

Peak Oil 

Demonstration 

1900    2000   2100    
10 



Zinc 

Soils  

Fossil fuels 

Fish 

Phosphorus 

Iron 

Copper 

Platinum 

Chrome 

Nickel 

Gold 

Molybdenum 

Indium Lead 

Silver 

All peak by  

2050 11 



Burn-off  

time is a 

useful  

diagnostic 

indicator of  

scarcity risk 

 

 

Red lamps 

have come 

on 

 
Ragnarsdottir et al. 2012 Will run out of 18 out of 43 next 50 years 
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Metals and 

materials

Food

Energy

Society Population

Agricultural land

and soils

Building the  

WORLD model 
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Some of the submodules to WORLD model 

Å STEEL, including the IRON model 
and sub-modules for Cr, Mn, Ni. 
Huge consumption of fossil fuel, 
produce large amounts of CO2 

Å ALUMINIUM for aluminium 
production and large consumption 
of energy, potentially large 
amounts of CO2 

Å BRONZE, including models for 
COPPER and zinc, and the 
dependent metals germanium, 
gallium, indium, cobalt, SILVER and 
tellurium. 

Å FoF, including phosphorus, soils, 
agricultural lands and population 
dynamics (demography, numbers, 
migrations 

Å PGMs, SILVER, GOLD for precious 
metals 

Å ENERGY, including models for all 
types of oil, gas and coal extraction, 
including conventional and 
unconventional reserves 

Å KLIMA, a very simplified global 
change model for approximating 
climate change impacts of resource 
extraction and use 

Å CEMENT, a submodule for creating 
building materials out of stone, 
gravel, sand, limestone and energy. 
Huge consumption of fossil fuel, 
produce large amounts of CO2 

Å LAND for distribution between 
agricultural land, forest land, urban 
land and impediment 

Å WOOD, biomass production from 
forested ecosystems 
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The global 
ENERGY 

submodule 

Oil Natural gas 

Coal 

Hydropower 

Nuclear 

U and Th Wind and solar 

Summing up 

EROI 

Global climate 

Change effects 

Bioenergy 
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GINFORS econometric model 
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Combining WORLD systems dynamics with 
GINFORS econometrics: SIMRESS 

WORLD produces 

resources 

GINFORS uses them  
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    The SIMRESS-WORLD+Ginfors model 
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IRON model 
inside the STEEL 

module 
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The IRON submodule 
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STEEL submodule outputs 

Ore grade cliff 
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ALUMINIUM submodule 
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Sverdrup and Ragnarsdottir 2014 

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 

Peak almost every- 

thing this century 
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