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Evolutionary Processes

The processes we see at work today In energ
development are recurrent processes.

These processes occur commonly In the
evolution of human societies, and in the
evolution of other kinds of living sysems.

These processes will greatly influence our futt
and we will want to be aware of them.



Evolution of Social Complexity

From this:




Evolution of Social Complexity

To this:
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Evolution of Social Complexity

Diversification and specialization in structure and
function/behavior.

Increasing integration and control of behavior.




Complexity Costs

Every increase in complexity carries a metabolic cos

In human systems, metabolic costs are often translat
accounting systems such as time, money, taxes,
annoyance, etc.

Before the development of fossil fuels, increasing the
complexity of a society meant that ?pegle worked ha




Why Does Complexity Grow?

i .A -A L :
Complexity grows because it | g i gl
nas great utility in solving ey
oroblems.

Problems are often solved
0y developing more
complex technologies,
adding new positions and
social roles, or conducting
new Kinds of activities.




Complexity Solves Problems

Problem: Terrorism.

Solution: Establish new government agencies,
reorganize others, monitor activities, increase
control over behavior at vulnerable places (e.c
airports). (l.e., differentiate structure and
Increase organization.)

Problem: Vehicle fuel consumption, pollution.

Solution: Develop automobiles that have two
engines rather than one.



The Energy-Complexity Spiral

Surplus energy allows
complexity to grow. '

But surplus energy Is rar
In human history.
Surpluses are quickly
consumed by growth Iin
consumption.

Most of the time,
complexity grows to
solve problems, causin
energy consumption to
Increase.

Complexity



Economics of Complexity

What are the economics of social or institution
complexity?

Complexity has benefits.

Higher complexity costs.

Changing complexity changes the benefit/cost rati
of complexity.



Economics of Complexity

What are the economics of social or institution
complexity?

Complexity has benefits.

Higher complexity costs.

Changing complexity changes the benefit/cost rati
of complexity.

Changes in the benefit/cost ratio of complexity
can mean different futures for societies.



Vulnerabllity to Collapse

A prolonged period of diminishing returns to
complexity in problem solving makes a society
Increasingly vulnerable to collapse.

Fiscal weakness makes the society vulnerable to problem:
that it can no longer afford to solve.

The population becomes disaffected as complexity and co
Increase, but problem solving becomes ineffective.




Not All Potential Energy
Is Equally Useful




Energy Returned on (Energy) Invested

kcal of fuel extracted

kcal of direct and indirect energy
required to locate, extract, and

refine that fuel
(Hall, Cleveland, and Kaufmann 1992)



