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Energy should be seen as the

Master resourceMaster resource



Two views of energy:

1.  Fuel1.  Fuel

2.  Enabler of complexity



Thermodynamic Disequilibrium



Energy and

complexity



Energy and

complexity









How do we recognize complexity?

Many components

High connectivity

Thermodynamic openness

Nonlinearity

Emergence



What causes complexity?

In human systems

(social, economic, and technological),(social, economic, and technological),

complexity is introduced to solve problems



Most obviously, complexity has risen because of:

Advances in information technology

Performance improvements at the level of system Performance improvements at the level of system 

units, i.e., organizations, people,

and technologies



These changes produce more complex

networks with:

More nodes

A greater density of connections among nodes

Faster movement of material, energy, and 

information along these connections



Is rising social, economic,

and technological complexity

a good or bad thing?a good or bad thing?



Complexity often helps us solve our problems

Complexity is often a source of:

Innovation

A good thing?

Innovation

(through novel combinations)

Adaptability

(through diversity and distributed capability)



But complexity also often causes:

Opacity and extreme uncertainty

Threshold behaviour

A bad thing?

Threshold behaviour

Managerial overload

Cascading failures

Brittleness



Brittleness rises because of:

Loss of systemic capacity to exploit potential for novelty

Declining redundancy of critical system components

Increased risk of cascading failureIncreased risk of cascading failure

Plus (in contemporary world):

Enormous energy requirements to maintain system 

under rising stress far from equilibrium



Joseph Tainter: 

Complexity’s declining marginal social return 

Social

Complexity

return

Joseph Tainter, The Collapse of Complex Societies (Cambridge:  Cambridge University Press, 1988)



Tainter’s argument:

Societies become inexorably more complex as 

they try to solve their problems

Complexity costs energy

Complexity produces diminishing returns



Benefit derived
from marginal 
increment of 
complexity
_________

Marginal
social return =

_________

Cost of this
complexity

social return
of complexity

=



Tainter is actually making two critical

arguments about changing marginal 

social return to complexity:

1. The benefit derived from the marginal 

increase in complexity is droppingincrease in complexity is dropping

2. The cost per unit of energy is rising (because 

of declining EROI)



Producing energy costs energy

This principle is best understood

through the concept of

Energy Return on

Investment (EROI)



We’re entering a transition from a

regime of 

abundant high-quality, high-EROI energy

abundant mixed-quality, mixed-EROI energy

to one of
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In this new 

world, what world, what 

should we do?



GET READY FOR A GPT TRANSITION

GPT = General Purpose Technology

Railroads

ElectricityElectricity

Internal combustion engine

Personal computer

“Green” energy technologies?



HERE TO THERE

The transition won’t be smooth

Prices are keyPrices are key

Transport solutions must accommodate

fundamental energy realities



CRISISCRISIS

can createcan create

OPPORTUNITYOPPORTUNITYOPPORTUNITYOPPORTUNITY

If we’re ready toIf we’re ready to

exploit itexploit it



ShockShock

Time
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Time
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of

Contingency



CLIMATE SHOCK









ENERGY SHOCK





“By 2012, surplus oil production capacity could 

entirely disappear, and as early as 2015 the 

shortfall in output could reach nearly 10 MBD.

A severe energy crunch is inevitable without a A severe energy crunch is inevitable without a 

massive expansion of production and refining 

capacity.”





Liquid Fuel Emergency



EASTERN CANADA IS VULNERABLE

Because of NAFTA obligations and pipeline configurations, 
eastern Canada cannot be readily supplied from western 

Canada

Western oil stops at Toronto, which is served from both west  Western oil stops at Toronto, which is served from both west  
and east

About 90 percent of oil supply to Quebec and the Maritimes is 
from overseas (eastern Canada is like Japan in this regard)

Canada has no strategic reserve.




