
  

Permaculture

Energy and complexity in an uncertain world

Angus Soutar   August 2015



  

Permaculture
A design system embracing complexity

Picture by Charlotte Dean



  

Sustainability
It's all about energy!

http://www.conservatoryofflowers.org



  

● Nature builds complexity
● Energy is needed to build and maintain complexity
● Mature systems capture and dissipate more energy 

than younger ones

Natural systems:
   - need more energy as they mature
   - make better use of it
   - recycle it more



  

Returns on various energy sources



  

Impact of falling ERoEI on the Economy



  

Energy and Innovation

A risk assessment



  

Diminishing Productivity of Innovation

From Tainter:https://www.youtube.com/watch?v=G0R09YzyuCI 

Chemicals and Pharmaceuticals Digital economy and IT

Energy (including solar) New tech – nanotechnology and biotechnology



  

Diminishing Returns Shale Oil and Shale Gas



  

Innovation and diminishing returns

From Tainter:https://www.youtube.com/watch?v=G0R09YzyuCI 

Rescher: “Innovation reaches diminishing returns”
(the cost of “victory over Nature”)



  

Technology and Innovation

Conclusion: 

   We cannot rely on technology alone to 
provide us with a sustainable future – the 
costs are already too high, and will get 
higher. 



  

 

Resource constraints



  

 

Edward Esko and Alex Jack



  

Human energy and Work

Energy and technology



  

Energy produced by personal activity

 Labourer can produce 75 J/s over an 8 hour day
 Heavy labour: 200 J/s over one hour
 Cyclist produces 400J/s over one hour
 Olympic sprinter rates 0.4 kw over 10 seconds



  

Food energy consumed

 Minimal activity 2000  kcal/day
 Light activity 2500  kcal/day
 Heavy labour 3500 - 4000  kcal/day
 Elite athletes 5000 – 6000 kcal/day
 Elite labourers even more …......



  

Elite labourers
The “navigators” building the Manchester Ship Canal (1887 - 1893)



  

Elite labourers - output
A man could shift 12 cubic yards of “muck” in a day – approx 18 tons

Liz McIvor - “Canals: the making of a nation”

Ultan Cowley - “The men who built Britain”



  

Elite labourers - input
Navvies consumed up to 8000 kcal of food per day

Liz McIvor - “Canals: the making of a nation” (BBC4)



  

Elite labourers - replaced
A steam shovel could move 3 tons of muck per minute

Liz McIvor - “Canals: the making of a nation” (BBC4)



  

Energy comparison

● One US gallon of gasoline costs US$ 3.50 (2013)

● A US gall in a car engine at 25% efficiency produces 7.5 kWh

● A labourer works for 12-15 days to produce 7.5 kWh

● At $80 per day, that human labour costs over $1000
● The equivalent human energy output could cost up to US$ 6,420  (Source: Dr Tim Morgan)

 A good labourer can produce 0.5 – 1 kWh work per day

 1 kWh of electricity costs around £0.18 (UK, 2014)

 At minimum wage, a worker is paid approx £50 per day (UK 2014)

At 75 J/s, output, that is 0.6 kWh at equivalent cost of £0.11 (UK, 2014)



  

Human energy inputs

 Daily food intake for a labourer is 4000 kcal approx

     Equivalent to 4.7 kWh of food per person per day

If the food is “industrial”, it gets worse. The energy input to 
produce the food can be between 5 – 15 times the energy that 
the food produces:

 The energy to keep our labourer going for a day 
could be as high as 50kWh compared to the 0.5 
kWh daily output !



  

Energy comparison

Conclusion: 

   In the current economic situation, 
automation is inevitable and 
unemployment will continue to rise



  

 

Energy and Economy



  

Age of Decadence?
Decline and Fall

Paranoiac and psychopathic elite

Health decline related to technology

Massive disparity between rich and poor

Over-extended military

Desire to live off the state

Debasement of the currency

Overpaid sportsmen

Top chefs become celebrities

John Glubb “The Fate of Empires”,   “Four Horsemen”(2013) , 



  



  

 

                   Complexity



  

Cynefin framework

“Routine”

“Expert analysis”
Can't analyse - 
observe and 
“make sense”

“Observe 
and interact”

First, work out what sort of system you are engaging with.....

David Snowden  https://www.youtube.com/watch?v=N7oz366X0-8



  

“Solution Spaces”
Nicole Fosse

Economy and Society

Given that the cost of capital will be very high, and there will be little 
purchasing power, proposed solutions which are capital-intensive will lie 
outside solution space.

Proposed solutions to our predicament that depend on the functioning of 
large-scale organizations operating in a top-down manner do not lie within 
viable solution space.

Given the coming rise in collective discount rates, if proposed solutions 
depend on the ability for societies to engage in rational planning for longer 
term goals, then those solutions are not part of solution space.

If proposed solutions depend on a cooperative social context at large scale, 
they will not be part of solution space.



  

“Solution Spaces”
Nicole Fosse

Energy and complexity

Given that the energy supply will be falling, and that there will, over 
time, be competition for increasingly scarce energy resources that 
we can no longer take for granted, proposed solutions which are 
energy-intensive will lie outside of solution space.

Proposed solutions dependent on the current level of socioeconomic 
complexity do not lie within solution space.

The “solution space” does not include “business as usual”. Beware 
“Blind Alleys and Techno-fantasies”

http://www.theautomaticearth.com/2015/08/nicole-foss-the-boundaries-and-future-of-solution-space/



  

Fundamental Systems Design Errors

Assumptions: 
 Systems are predictable
 Systems are at equilibrium
 Risk is Gaussian

Observations:  
 Most systems are complex and unpredictable
 Many are far from equilibrium
 Lévy stable distributions (“fat tails”)



  

 

               Permaculture Design

            and complexity



  

Permaculture design

Permaculture design is the pre-eminent approach to 
dealing with complexity.

Its foundation in natural systems gives us unparalled 
opportunities to re-create the world around us.



  

Permaculture design strategies

 Prefer energy from the sun
 Prefer biological materials
 Maintain and improve human health
 Design by limiting factors
 Use patterns, not recipes

Permaculture lies within Nicole Fosse's “Solution Spaces” !



  

 



  

Permaculture development strategies

 Big change – start small - “distributed solutions”
 Concept design for emergent system
 Rapid prototyping – rapid learning
 Accept complexity – “soft systems” approach
 Parallel infrastructure development



  

 



  

Supplementary slides

Support material for various lines of enquiry

Work-in-progress



  

Energy consumed by personal activity

 Conversion efficiency of food 10% - 30%
  1 kcal = 4.185 kJoules
 Basic metabolism 100 J/s
 Human walking consumes 110 - 120 J/s
 Light work consumes 80 - 130 kcal/hour
 Heavy work consumes 200 - 400  kcal/hour
 1 kcal =  0.00116 kWh



  

Energy from fossil fuel

 One US gallon of petrol contains 105000 BTU
 1 US gallon = 3.785 litre
 1 BTU = 1.055 kJ
 1 kJ = 0.0027 kWh 
 Average efficiency of petrol engine 25%



  

Civilisation, SETI and the Drake Equation



  

Adam Smith:

“How selfish soever man may be supposed, there are evidently some 
principles in his nature, which interest him in the fortunes of others, and 
render their happiness necessary to him, though he derives nothing from it 
except the pleasure of seeing it.”. * The Theory of Moral Sentiments 1759



  

 

Picture by Charlotte Dean
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