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Connect threads...

INTELLECTUAL TAPESTRY -
something that is felt to resemble a 
tapestry in its complexity;
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M.King Hubbert’s Blip

“Reality is merely an illusion, albeit a very 
persistent one.” Albert Einstein
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Peak Oil…

“My analyses are based upon the simple 
fundamental geologic fact that initially 
there was only a fixed and finite amount 
of oil in the ground, and that, as 
exploitation proceeds, the amount of oil 
remaining diminishes monotonically.”
M.King Hubbert
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Peak Oil…
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Peak Oil…

New discoveries are not keeping pace with demand
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No matter how you cut 
it…

the hydrocarbon age is 
about over.

AlaskaAlaska

United StatesUnited States

WorldWorld

History
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Peak Oil…

Global politics for the next two decades…
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Energy Laws….

1st Law of Thermodynamics
2nd law of Thermodynamics
3rd law of Thermodynamics
Maximum Power Principle (4th law)
Hierarchically organized systems (5th law)
Hierarchical material distribution (6th law)
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1st  Law of Thermodynamics

Energy cannot be created or destroyed

Interaction = Energy Transformation

100 J

20 J

108 J

12 J

All energy is accounted for...

Used energy

X



MTB 02/21/06

2nd  Law of Thermodynamics

In all real process (transformations), some
energy loses its ability to do work

100 J

100 J

4 J

1 J

97 J
3 J

St orage

Transformation

We sometimes speak loosely of 
energy being “used up” whereas 
what is really meant is that the 
potential for driving work is 
consumed, while the calories of 
energy inflows and outflowing are 
the same.
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3rd Law…
Absolute Zero Exists

Entropy at absolute zero is zero….

As heat content approaches absolute zero molecules are 
in crystalline states, and the entropy of the state is 
defined as zero

(- 273o C)
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Net Energy

“Like ice in a fire, something for nothing 
you’ll never acquire.” Mr. Ryan (bulldog)
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Net Energy…energy costs of obtaining energy

When the energy cost of 
recovering a barrel of oil 
becomes greater than the 
energy content of the oil, 
production will cease, no 
matter what the monetary 
price may be.
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Net Energy…

We believe that to 
maintain society’s 

current level of 
infrastructure and 

information 
processing, a net 

energy of about 4/1
is required.
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Net Energy…conventional sources

All declining…
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Net Energy…so called renewable sources
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Net Energy…

Net energy of 
biomass is 
barely 1/1
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Net Energy of Renewables
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Net Energy of Renewables
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Net Energy of Non-Renewables
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Net Energy of Non-Renewables
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Net Energy…
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Net Energy…

An important fact of life….

As the Net Energy declines, the amount 
of energy used to accomplish the same 
amount of end use (eg miles driven) 
increases…

At 10/1  compared to 5/1

You can drive twice as 
far for the same energy 
investment
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Net Energy… of the IRAQ invasion…

Wepons of Mass Distruction...

IRAQ Oil reserves 113 E9 bbl = 3.76 E25 sej
USA Defense budget $348 E9/yr = 3.48 E23 sej
USA Fuel Use 2.23 E23 sej/yr

Cost of War $100 E9 = 1 E23 sej
Reconstruction/Peacekeeping $250 E9 = 2.5 E23 sej
Total cost 3.5 E23 sej

Benefit to Cost ratio 376 E23 / 3.5 E23 ~ 100/1
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Four Energy Studies…

1. Pimentel & Patzek,( 2005)
2. Berndes et.al, (2003)
3. Patzek, (2003)
4. Giampietro, et.al 2003
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Berndes et.al, 2003 …
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BioEnergy…
Berndes et.al, 2003 …
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BioEnergy Studies…
Berndes et.al, 2003 …
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BioEnergy Studies…
Berndes et.al, 2003 …
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BioEnergy Studies…
Berndes et.al, 2003 …
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BioEnergy Studies…
Berndes et.al, 2003 …
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BioEnergy Studies…
Berndes et.al, 2003 …
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Patzek, 2003 …
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Corn…
Patzek, 2003 …

Corn is the single largest U.S. crop (a record 300 million tons 
of moist corn grain in 2004).
Corn is harvested from  30 million hectares, roughly the area 
of Poland or Arizona, and a bit less than 1/4 of all harvested 
cropland in the U.S.
The recent average yield of moist corn grain has been  8600 
kg/ha (and a record 10100kg/ha in 2004).
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Corn…
Patzek, 2003 …

Energy Inputs to Corn Production

Fossil energy is essential to industrial agriculture. The following are 
the major energy inputs to industrial corn farming:

Nitrogen fertilizers (all fossil energy)
Phosphate, potash, and lime (mostly fossil energy)
Herbicides and insecticides (all fossil energy)
Fossil fuels: diesel, gasoline, liquified petroleum gas (LPG), 

and natural gas (NG)
Electricity (almost all fossil energy)
Transportation (all fossil energy)
Corn seeds and irrigation (mostly fossil energy)
Infrastructure (mostly fossil energy)
Labor (mostly fossil energy)
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Energy…
Patzek, 2003 …
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Energy…
Patzek, 2003 …
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Energy…
Patzek, 2003 …
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Energy…
Patzek, 2003 …
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Energy…
Patzek, 2003 …
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Water…
Patzek, 2003 …
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CO2…
Patzek, 2003 …
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CO2…
Patzek, 2003 …
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CO2…
Patzek, 2003 …
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Corn to Ethanol…

5.1 E6/6.6 E6= net yield 
0.77/1
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Switchgrass to Ethanol…

5.1 E6/7.5 E6= net yield 
0.68/1
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Wood Cellulose to Ethanol…

5.1 E6/8.1E6= net yield 
0.63/1
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Soybean to Biodiesel…

9.0 E6/11.9E6= net yield 
0.75/1
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Sunflower to Biodiesel…

9.0 E6/19.6E6= net yield 
0.46/1
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Pimentel & Patzek, 2005 …
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Water…
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Water…

Using the numbers in the previous table…
FL Transportation energy = 9.5 E17 J/yr
FL water consumption = 11.3 E 12 l/yr
Water required for ethanol from sugarcane = 200t/net GJ = 
2 E5 l/1 E9 J

9.5 E 17 J/yr * 2E5 l = 1.9 E 14 liters of water
1.0 E9 J/ha

This is almost 17 times current total water 
consumption in the State!!!
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Global Land…
Giampietro, et.al 2003 …
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Global Water…
Giampietro, et.al 2003 …
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Land…
Giampietro, et.al 2003 …

Methanol production from woody biomass
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Land…
Using the numbers in the previous table…

FL gasoline consumption = 9.49 E 17 J/yr

9.49 E 17 J/yr = 7.8 E 7 ha of land
12.2 E9 J/ha

Florida LAND Area = 1.4 E7 ha

We would need 5.6 Florida’s (7.8/1.4 =5.6) just to produce our 
current gasoline consumption

With short rotation woody crops (switch grass, etc) we would 
need  about 2 Florida’s
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The Tapestry…

OK, so lets put it all together…the 
bottom line is BIOMASS is not the answer….

So what then?

Leslie White’s Law “Other 
factors remaining constant, 
culture evolves as the 
amount of energy harnessed 
per capita      per year is 
increased…”
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The Tapestry…

…So, then do we de-evolve with less energy?

There’s a good chance that the 
energy with which we power our 

technological civilization is peaking, 
and there does not appear to be 

alternatives. 

(prudence would suggest that even 
if you believe in a technological fix, 
we should have a backup plan  …just 

in case)
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The Tapestry…

After the peak…

Thoughts for transition
and descent…
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The Tapestry… Environment

1. Recycle should become the main strategy for dealing with 
“wastes”

2. We will need to rebuild natural capital (forests, soils, 
wetlands and water)

3.  Discontinue ecological bigotry that calls 
some species exotic, and undesirable.. 

Use all of the earth’s 
biodiversity in rebuilding 

global natural 
capital.
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The Tapestry…Work

1. Everyone needs to feel part of the society with  sufficient 
useful work contributing to productivity. 

2. Cut wages across the board before laying off workers

3. Institute minimum and maximum wage reform

4. Achieve full employment of the 
young and old through sliding pay scales

5. Tele-commuting where 
possible
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The Tapestry…Information

1. TV needs moderation and focus on broader issues with some 
optimal entertainment

2. TV is the global “campfire” and as such needs to focus on 
shared ideas, purposes, and ethics.

3. Universities will need to once again 
become society’s storehouse of 

information, and its 
generation, testing, and 
selecting.

4. How much information is 
appropriate?
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The Tapestry…Religion

1. Religion must stress the larger scale issues such as 
environment, capitalism, globalization, community, population 
growth, war

2. Service and sacrifice must replace “rugged individualism” and 
“growth is progress” ethic 

3. We will need to include nature and the earth's energy 
systems in our religious ethic.
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The Tapestry… Education

1.  All education is environmental education, systems 
education is a must.

2. A common core of knowledge in science, arts, civics, 
and culture with flexibility built in for the rest.

3.  Orient schools to stress different life themes, not 
everyone needs to go to college

4. With reduced energy comes a 
welcomed reduction in the 
technology and “big sports” of 
education… smaller schools 
can result.



MTB 02/21/06

“As sometimes attributed to past cultures, people may 
find glory in being an agent of the Earth.  It remains to 
be seen whether the social mechanisms will be conscious, 
logical, emotional, ritualistic, regimented, or by some 
means we can’t imagine.”

H.T. Odum, 2001


