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2018 Prices 







What Fossil Resources do we still have? 





Depletion: once you eat the cake, you don't have it any more 



 
Tiffany's jewelry fallacy:  
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Mining requires energy 



The new paradigm in  
mineral depletion studies: 
Dynamic depletion effects 



Image from Fantazzini et al, 2011 
http://energyskeptic.com/2015/global-oil-risks-in-the-early-21st-century-energy-policy-2011/financialsense.org” 



https://en.wikipedia.org/wiki/File:Native_gold_nuggets.jpg 

Depletion: as you eat the cake, it becomes less and less tasty 





Lower Energy Returns 
Already affecting the economy? 



Vito Volterra 
1860-1940 

Lotka-Volterra model (LV)‏ 



The World3 model -1972 



The Limits to Growth, 1972 





  
R’ = Production 
C’ = Economic growth  
 
C = Capital 
R = Resources 
 
 

Simplified model of resource depletion 

R’ = -k1CR 
C’ = k2CR – K3C 
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Bardi, Lavacchi, and Yaxley - 2011 



U. Bardi and A. Lavacchi, Energies, 2009 



"Trawler Skagen harbour" by skagman - http://www.flickr.com/photos/16822508@N05/3177194833/. 
Licensed under CC BY 2.0 via Wikimedia Commons - http://commons.wikimedia.org/wiki/
File:Trawler_Skagen_harbour.jpg#mediaviewer/File:Trawler_Skagen_harbour.jpg 

Give a man a fish, and he will eat for one day.  
Teach a man how to fish, and he will deplete the ocean. 



The Seneca Effect 



An example of the Seneca Effect: Caviar production in the Caspian sea 

\ 







Sgouridis, Csala, Bardi, 2016 



As a man himself sows, so he 
himself reaps... The fruit is of 
the same quality as the action. 
 
—Mahabharata, xii.291.22 

Whoever sows sparingly will also 
reap sparingly, and whoever sows 
bountifully will also reap bountifully.  
 
Corinthians 9:6  
 

The Sower's Strategy: 
Sowing today's Energy for the energy of tomorrow 
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2100? 
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Lucius Annaeus Seneca 4 AD – 65 AD 

"It would be some consolation for the feebleness of 
our selves and our works if all things should perish 
as slowly as they come into being; but as it is, 
increases are of sluggish growth, but the way to 
ruin is rapid."  

The Seneca Effect 









The Limits to Growth was right 



LV using “Vensim” 





Californian Sardine Fishery 

Perissi, Lavacchi and Bardi, to be published 



U. Bardi and A. Lavacchi, Energies, 2009 



Columbus-1492 





Zheng He - 1402 



56 

The Bell Curve (the Hubbert Curve) 



The Brutal Logic of Climate Change 

http://grist.org/climate-energy/the-brutal-logic-of-climate-change-international-shipping-edition/ 
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http://www.theoildrum.com/node/9583 

Total predicted emissions: 5x10+12 t CO2. 
Maximum allowable for +2° C : 2.3x10+12 t CO2  



The Seneca Curve 



Graph by A. Diederen 
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Energiewende 

Energy in truth stands not 
beside but entirely above all 
other commodities.... With 
energy almost any feat is 
possible or easy; without it 
we are thrown back into the 
laborious poverty of early 
times. 
 
William Stanley Jevons, 1866 
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The giant mining and recycling machine 

Rules for mining 
 
Use what's abundant 
Use as little as possible 
Recycle ferociously 



Prof. J. Gutberlet and a Brazilian Catador 









The effects of 118 
years of industrial 
fishing on UK bottom 
trawl fisheries, Ruth H. 
Thurstan, Simon 
Brockington, Callum M. 
Roberts, Nature 
Communications, 1, 
15, 1013 

The Collapse  
of the UK Fishery 



"It would be some consolation for the feebleness of our selves 
and our works if all things should perish as slowly as they come 
into being; but as it is, increases are of sluggish growth, but the 
way to ruin is rapid."  

The Seneca Effect 



Source: http://appinsys.com/globalwarming/
Puffins_UK.htm 



 
Global marine yield halved as fishing intensity redoubles 
A Watson et. Al 
DOI: 10.1111/j.1467-2979.2012.00483.x 
© 2012 John Wiley & Sons Ltd 



Bardi and Lavacchi, “Energies” 2009 



U. Bardi and A. Lavacchi, Energies, 2009 
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World Model – 6 stocks 



World3 calculations 2004 



Myrtveit 2005 



The Brutal Logic of Climate Change 

http://grist.org/climate-energy/the-brutal-logic-of-climate-change-international-shipping-edition/ 





Lucius Annaeus Seneca 4 AD – 65 AD 

"It would be some consolation for the feebleness of 
our selves and our works if all things should perish 
as slowly as they come into being; but as it is, 
increases are of sluggish growth, but the way to 
ruin is rapid."  

The Seneca Effect 



The Bell Curve 





The global coal peak 

http://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy/coal/coal-production.html 





“If you realize that all things change, there is 
nothing you will try to hold on to. If you are not 
afraid of dying, there is nothing you cannot 
achieve.”  

― ,   



World oil production 

Dati ASPO (2008)‏ 



Three Predictions: 
 
1. World production of conventional oil to peak in 2004-2010 
 
2. World Production to follow a “bell shaped” curve 
 
3. Crude oil Prices to increase near the peak 
 
 
1: Incorrect – at best partly correct 
2. Partially correct 
3. Correct 
 
 
 



http://crudeoilpeak.info/latest-graphs 

The global oil peak 



Non-equilibrium thermodynamics of the dissipation of finite resources 



Non-equilibrium thermodynamics of the dissipation 
of antelopes by cheetahs 



Non-equilibrium thermodynamcs of the dissipation 
Of whales by the 19th century whaling industry 



http://www.slideshare.net/DFID/professor-kevin-anderson-climate-change-going-beyond-dangerous 
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Global Maritime Trade Routes. Ca 2% of world's energy suppy 

https://www.worldenergy.org/wp-content/uploads/2012/09/wec_transport_scenarios_2050.pdf 
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Abandoned Diamond mine, Mir, Russia 



Mining requires energy! 
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Mining Requires Energy 



Garzweiler coal mine 



Morency copper mine, Australia 
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The end of mining as we know it 


