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System Dynamics Thinking and its 
contribution to Geophysical Economics : 

Modeling long-term trends in Structural Raw 
Materials Supply, Demand and Pricing 



Growth and Raw Material Consumption 

 

GDP/cap in OECD (I. Kitov, 2012)  
 

Global materials extraction  
(Krausmann, 2009)  

 



 

NASA/GISS 
 

Climate change 



 

Towards a Global Energy Transition? 



 

Towards a Global Energy Transition? 

« A transition to a low carbon society will require vast amounts of metals 
and minerals… The world cannot tackle climate change without adequate 
supply of raw materials to manufacture clean technologies’” (Ali et al. 
2017 - Nature) » 

Low carbon technologies are more intensive in RM than conventional ones 
 
A new infrastructure has to be built, which has a lower lifetime than 
conventional ones 
 



The Raw Material Question 

 
�  What are the needs for RM in a context of energy 

transition? 
�  Will we be able to extract enough resources ? 
�  How do we value RM? 

What are the geophysical and economic constraints to 
prosperity? 

 



System Dynamics 

�  Numerical approach to understand complex systems 
behaviour 

�  Stocks VS Flows 
�  Retroaction loops 
�  Delays 
 
 
 



The Raw Material Question 

�  What are the needs for RM in a context of energy 
transition? 

�  Will we be able to extract enough resources ? 
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Materials and the Energy Sector 

 

Zepf et al (2014) 



Materials and the Energy Sector 

 



Materials Intensity of Energy Technologies 
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Modeling future mineral demand for transition 

  
�  It depends on the scenario chosen for the energy transition 
�  Knowing the material intensity of the different technologies 

available 

It is a matter of stocks, flows and delays 

 



Modeling future mineral demand for transition 

 

Stock of RM
to be recycled

Other EOL manufactured
products  

Primary production (t0)
Primary RM in 
manufactured  products Lost of 

primary RM
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Lost of recycled RM
(t2)Primary RM 
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Dismantling
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Modeling future mineral demand for transition 
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Matière primaire dans les 
produits en fin de vie

( t0 + 60 ans)

 

Matière déjà recyclée 
dans les produits en fin de vie
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 (= 0 si Production 
primaire = 0)

 Recyclage 

 (= 0 si Production 
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The scenarios 

 Blue Map IEA (2010)  
36 PWeh, 42% renewables 
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Results in Stocks 
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Results in Flows 
The case of Copper in Ecofys 
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Orders of magnitude 

 

Kennecott Copper Mine (Utah) 3.2 x 1.2 x 1.2 km3 
 

Since 1906 : 18 Mt 
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Kennecott Copper Mine (Utah) 3.2 x 1.2 x 1.2 km3 
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Additional needs 

 

Production 
70 Mt 

Distribution 
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Transportation 
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Additional needs 

 

Production 
70 Mt 

Distribution 
3 Mt 

Storage 
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Transportation 
40 Mt 
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The Raw Material Question 

�  What are the needs for RM in a context of energy 
transition? 

�  Will we be able to extract enough resources ? 
�  How do we value RM? 

What are the geophysical and economic constraints to 
prosperity? 

 



Modeling long-term trends of supply 



The Hubbert approach 

 
a) Logistic, fossil resources -  (Hubbert, 1956)

Production
SocietyResource

Stock Resource
Stock

Production
time

URR

 Resource Stock = URR
1 + URR.expa(t-t1/2)

Production = URR.expa(t-t1/2)

1 + URR.expa(t-t1/2)

Resource(t0) = URR, 

Production 

Resource stock 



Peak metals 

 

Sverdrup (2012) 



Peak metals 

 

Sverdrup (2012) 

         2015: 470 t !!!



When demand peaks 

 

Bleischwitz, 2016) 



Resources VS Reserves 

 



Copper Reserves 

 

The	life	/me	of	copper	is	stable	since	70	years	



Reserves increase 

 



Modeling long-term trends of supply 

 

�  Mind-sized 
�  Dynamic description of stocks 

and flows  
�  Geological consistency: 

Resources VS Reserves  
�  Role of the economic 

variables in the extraction  
�  Constrained by historical data  

Production 

Reserves stock 

Prices-costs 

Demand 



Prey-predator modeling 



Model Constraints 
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Results 
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The Economics-Geophysics interface 

 
�  Our economic system is 

physically limited 
�  But the time scale strongly 

depends on social 
parameters 

�  Reserves are a function of 
prices and innovation 

�  Extraction is shaped by 
demand 

 
What do we understand of the 

social system? 

Production 

Reserves stock 

Prices-costs 

Demand 



Perspectives on prices 

Energy, price, cost and 
technological improvement 
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Perspectives on Wealth 

 
�  Capital in a theoretical point of 

view : the Cambridge 
Controversy 

�  What are the behaviors of the 
mining companies? Going back 
to the Balance Accounts 

 



Thank you for your attention! 

Contact : 
 

fatma.rostom@univ-paris1.fr 
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