oY e

Ocean Stocks




1. THE GEOLOGICAL RECORD
Enlarged in 2
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World Population and Qil Production
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World Qil Production and Population 1900-20035
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USA - Production forecast to 2010 incl. nc oil
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Several of the world's
largest oil fields show signs
of fading, according to several
studies, raising questions about the
ity of global energy supplies. An
internal Pemex study suggests Mexico
could see steep declines.
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THE GROWING GAP
Regular Conventional Oil

[ Past Dizgcovery
I Future Dizcovery
=& Production

Past discovery based
on ExxonMobil (2002).
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Figure 6. M. King Hubbert’s projected cycles for world crude production for the extreme values

I9 1960 1980 of the estimated total resource. (Source: M. K. Hubbert, Resources and Man)




Dispersive Discovery + Oil Shock
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World Production
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Incremental crude oil World Jan 2001 - Aug 2014
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World Oil Supply (Crude Qil + Natural Gas Liquid) and Megaproject Contributions
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Crude Oil Prices
Qil Price: NYMEX Light Sweet Crude / WTI 2007 Dollars
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Oil and the World Economy
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Price of Oil v. the Fed's QE
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— West Texas Intermediate (WTI)
Source: wolfstreet.com, 5t. Louis Fed
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1600 1700 1800 1900 2000 2100 2200

‘Figure 1. World oil production from 1600 to 2200, history and projection, in millions of barrels

per year (Source: C. ). Campbell)

www.peakoil.net

1600 1700 1800 1900 2000 2100 2200

Figure 2. World population from 1600 to 2200, history and projection, assuming impacts from
oil depletion, in millions (Source: C. ). Campbell)




Total Energy Requirement of Farm Inputs, 9-State

Weighted Average, Btu per Bushel of Corn, 2001
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Figure 2. World population from 1600 to 2200, history and projection, assuming impacts from

oil depletion, in millions (Source: C. J. Campbell)
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Caspian Sturgeon Annual Production
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The Age of Oil
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OIL & GAS DEPLETION PROFILES
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Worldwide possible coal production

/ WEO 2006: Reference scenario

i

- Alternative policy scenario
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Coal production in USA
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Magnitude of the Problem

or
Why Most Alternatives Won’t Work, or Not in Time

To rriee Uy for tre corning oll dee Jctlon,, e 1 Glezyyatt
il J(‘Jea [ Ooyer r)J 2nlt rigeds to ve pullt every day for the
FlEt 3 /

* To replace 10 Terawatts or 103 watts = 10,000 new 1 Gigawatt (10° watt) plants;
David Goodstein, “Out of Gas, The End of the Age of Oil”, 2004.
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U.S. Energy Flow Trends - 2002
Net Primary Resource Consumption ~97 Quads

Electrical imports* 0.08
Huclear 8.1

ydro 2.6 2.8 25

Electrical system

5.4 energy losses

T o

g Y SRR T G e TGE AT e i e e e e e CoMImercial

BTty 19.6

9 . ;
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s LY

7 FLIHTT AT F A o
-:rﬂh.'-rh:mﬂ.i'-"'f‘- 1 . , H
Met imports 0.1 R
a6 1 ! i .
. . oot H  Industrial

5.9

U.5. petroleum

and NGPL 14.9
Transpor-
tation
Imports 26.5

24.3
Bal. no. 0.9

Source: Production and end-use data from Enengy Information Administration, Aanual Energy Review 2002
*Net fossil-fuel electrical imports.
*Biomassiather includes wood, waste, slcohol, geothermal, solar, and wind.

June 2004

Lawrence Livermore
Mational Laboratory
hitp:ifeed Jinl. govifiow




Estimated U.S. Energy Use in 2013: ~97.4 Quads . ]ﬁaagg%g?eﬁgoerg%%e

Net Electricity

Solar 0.0849 Imports -_\

0.320 -
12.4 \-_
Nuclear Electricity Y 25.8
8.27 Generation |
253 38.2 | Rejected
. ‘ ' Energy

v
Wind 1.59 d

1.60 0.157 Residential

0.232 11.4

'y

Energy
Services
38.4

Industrial
24.7

0.465

Trans-
portation

Petroleum 27.0

35.1

Source: LLNL 2014. Data is based on DOE/EIA-0035(2014-03), March, 2014. If this information or a reproduction of it is used, credit must be given to the Lawrence Livermore National Laboratory
and the Department of Energy, under whose auspices the work was performed. Distributed electricity represents only retail electricity sales and does not include self-generation. EIA reports
consumption of renewable resources (i.e., hydro, wind, geothermal and solar) for electricity in BTU-equivalent values by assuming a typical fossil fuel plant "heat rate.” The efficiency of electricity production
is calculated as the total retail electricity delivered divided by the primary energy input into electricity generation. End use efficiency is estimated as 65% for the residential and commercial sectors 80%
for the industrial sector, and 21% for the transportation sector. Totals may not equal sum of components due to independent rounding. LLNL-MI-410527
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http: /fwww . motherearthnews, com/Renewable-Energy/2007-12-01/Solar-is-the-Solution. aspx

Annual Global Total Global

RENEWABLE NON-RENEWABLE
Energy Resources Energy Resources

(in Terawatt hours™) (Terawatt hours™)

— e —— 7]

[ | |
Direct Solar Radiation Wind 200000 | M Coal e
Ocean/Thermal 100,000 Natural Gas 1,500,000

350,000,000 Biofuels 50,000

Geothermal 10,000 .
Tidal/Wave 5,000 M Oil 1,000,000
B Tar Sands 800,000

B Uranium 235 1,500,000

The amount of solar energy available each year (yellow circle) Total: 10,800,000
dwarfs supplies of any other source of power,
including total reserves of all the fossil

fuels on Earth (small circle, right).
/ SOURCE: SUNCELL BY CHRISTOPHER C. SWAN, UPDATED BY STEVE HECKEROTH

*1 terawatt hour is equal to 1 billion kilowatt hours
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Figure f. Fower densities for fossil and renewahle fuels. (Source: Smil, Y. 2006, "21st century energy: Some sobering thoughts " OECD Observer 258/558; 22-23)
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http://www.theenergycollective.com/robertwilson190/257481/why-power-density-matters

Crude O1l Alternatives--Canadian Oil Sands

* currently 1 million barrels (MB)/day

* projected to 3 MB/day in 2020

* projected to 6 MB/day “in future”--tops
* reserves equal to oil of Saudi Arabia

* environmental impacts huge & scaleable

Source: K. Bourzac, Dirty Oil, MIT Tech. Review, Dec. 2005



General resource example

Resource
cutoff

&ross energy

delivery rate

After pp. 186137, EHERGY AND RESOURCE QUALITY
C.A.5. Hall, C. Cleveland, and R. Kaufrmann, 1332
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The net energy clii’f
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http://www.princeton.edu/

Working Near the Net Energy CIiff

The Energy CIiff - Qil

En_ergy_used to get energy
e e T i
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(Ericrey OudEnergy [n) =
EROEI
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The Energy Cliff - Renewables

Energy used to get energy

= e

Methanol
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From: Chris Martenson; e O e h 8 2 ]t
http://www.chrismartenson.com/peak_oil (Energy Out)/(Energy In) Hydrogen




Oi1l Supply Costs

-''' '« Based on Estimates
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Zirconium mineral concentrate production, Mtons
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Gallium production, tons

Copper world production, Mtons
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Production in France
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Rock phosphate production Nauru Island
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Nauru Island rock phosphate Hubbert
linearization 1959-2005
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United Stated rock phosphate production
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US Energy & Minerals Policy?
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Deer Caught in the Headlights?

“May you live In interesting times”...

Old Chinese blessing or curse?
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Conclusions

Peak Everything is not The End, but is certainly a warning “shot across the bow”.

We already live in a post-peak world for many commodities, e.g., mercury,
gold, etc. These are scarce and expensive (valued), and heavily recycled.

Living with the effects of Peak Oil may be different, but only because we have
foolishly allowed it and the other fossil fuels to heavily permeate our culture.

Besides not checking our general population growth, perhaps one of mankind’s
greatest mistakes has been implementation of the “green revolution”,

whereby we have unwittingly used fossil fuels to grow hurman populations well
past the Earth’s finite carfying capacity. We are now in Overshoot (bad!).

Going forward, we will have to recycle, close open cycles, and learn to live within
our means once again. We must “make other living arrangements”, and soon.

Peak Everything, Climate Change, and the Anthropocene Mass Extinction Event
are all part of the same problem: Human Overpopulation & Over-Consumption
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