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“It	
  is	
  very	
  commonly	
  urged	
  that	
  the	
  failing	
  supply	
  of	
  coal	
  will	
  be	
  
met	
  by	
  new	
  modes	
  of	
  using	
  it	
  efficiently	
  [and	
  that]	
  the	
  coal	
  thus	
  
saved	
  would	
  be,	
  for	
  the	
  most	
  part,	
  laid	
  up	
  for	
  the	
  use	
  of	
  
posterity.	
  It	
  is	
  wholly	
  a	
  confusion	
  of	
  ideas	
  to	
  suppose	
  that	
  the	
  
[efficient]	
  use	
  of	
  coal	
  is	
  equivalent	
  to	
  a	
  diminished	
  consump?on.	
  
The	
  very	
  contrary	
  is	
  the	
  truth…”	
  

W.	
  S.	
  Jevons.	
  1865.	
  The	
  Coal	
  Ques?on.	
  





Household refrigerators 1950-2010: 

Efficiency : 170%  increase 
Volume:  175% increase 

Electricity consumption per unit increased 
The number of units used increased a lot 









	
  “GOOD”	
  	
  	
  “BETTER” 	
  	
  	
  	
  “BEST”	
  



Efficiency does not conserve energy, it  causes more to be consumed 
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Some	
  Systems	
  Appear	
  to	
  be	
  Very	
  Simple*	
  

*	
  Although	
  few	
  turn	
  out	
  to	
  be	
  as	
  simple	
  as	
  they	
  appear	
  

Nega2ve	
  Feedback	
   Posi2ve	
  Feedback	
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How	
  a	
  Forest	
  Works…	
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Focus	
  on	
  efficiency	
  
maintains	
  produc2vity	
  but	
  
masks	
  imminent	
  failure	
  	
  



The	
  apparent	
  strength	
  and	
  produc2vity	
  of	
  the	
  
forest	
  of	
  towering	
  trees	
  masks	
  an	
  underlying	
  
vulnerability	
  caused	
  by	
  a	
  history	
  of...well,	
  
monopoly,	
  mergers	
  and	
  acquisi2ons…	
  



Nega2ve	
  Feedback	
  

This	
  simple	
  predator-­‐prey	
  rela2onship	
  is	
  actually	
  
unstable.	
  If	
  lions	
  monopolize	
  the	
  savannah	
  the	
  
system	
  will	
  fail.	
  

Predator-­‐prey	
  rela2onships	
  are	
  much	
  more	
  
complex	
  in	
  nature	
  -­‐-­‐	
  complexity	
  and	
  diversity	
  are	
  
linked	
  to	
  stability	
  





Characteris>cs	
  of	
  Sustainable	
  Systems:	
  
•  Constant	
  Energy	
  Input	
  
•  Completely	
  closed	
  loops	
  (recycled	
  nutrients)	
  

Characteris>cs	
  of	
  Resilient	
  Systems:	
  
•  High	
  Diversity	
  
•  Decentralized	
  Networks	
  
•  Rapid	
  Feedbacks:	
  Closed	
  Loops	
  (e.g.	
  recycling)	
  
•  Self	
  Organiza2on	
  
•  Dynamic	
  Change	
  with	
  Adapta2on	
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Thoughts	
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Sugges2ons	
  from	
  an	
  Ecologist:	
  
•  Return	
  to	
  the	
  ini2al	
  concep2on	
  of	
  an2trust	
  that	
  emphasizes	
  a	
  direct	
  approach	
  
•  Study	
  systems-­‐level	
  (dynamic)	
  analyses	
  of	
  the	
  risks	
  that	
  may	
  be	
  masked	
  by	
  short-­‐

term	
  economic	
  gains.	
  	
  



“I	
  believe	
  that	
  one	
  ought	
  have	
  only	
  as	
  much	
  market	
  efficiency	
  
as	
   one	
   needs,	
   because	
   everything	
   we	
   value	
   in	
   human	
   life	
   is	
  
within	
   the	
   realm	
   of	
   inefficiency	
   –	
   love,	
   family,	
   aGachment,	
  
community,	
  culture,	
  old	
  habits,	
  comfortable	
  old	
  shoes.”	
  

	
   	
   	
  	
  	
  
Edward	
  Lu^wak	
  


