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Using theDepleton Theorythat | have previously developed, | show here fits to United States
and World extraction of crude oil, natural gas and coal. The depletion equation used to fit the

0(1)= =

[1+[2" —1)exp(%ﬂm
Lo

[1+[2" —l)exp(%]:rx

The Q parameter is the total amount eventually to be extracted. The n parameter is a measure of
the asymmetry: symmetric ishl, skewed to early times @< n < 1 and skewed to later times
isn>1.

extraction data is theéerhulst function

Q)=

The amount left to be extracted ._.

United States Crud®il extraction
These data came frohttp://www.eia.doe.gov/pub/international/iealf/table24.xls

United States CrudeOil Extraction

Current Crude)il-Futures Price

U.S. crudeoll discoveries fttp://www.durangobill.com/Rollover.htthbnd aVerhulst
functionfit to the data.
The USA are Burning Strategic Oil Reserves (several graphs)
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Fit of theVerhulst functiorto U.S. crude oil extraction:

U.S. Oil Extraction
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The large recent peak is due to fracking, starting with vertical fracking and now wit
horizontal fracking.

Fit of theVerhulst functiorto World crude oil extraction and projection t0Z0
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When natural resources peé#hkey usually oscillate around the peak.


http://www.roperld.com/science/minerals/VerhulstFunction.htm
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U.S. CrudeQil Extraction with sinx/x oscillations on both sides of the peak:
U.S. Crude-Oil Extraction with Peak Oscillation
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The oscillation is mathematically represented by two sinx/x functions, one before the pe
one after the peak; they are added to the Verhulst function. An equally good fit can be ¢
by using two Gaussian functions instead of sinx/x functions.

My reasoning for the oscillation is that, when starting to peak, great effort is made to ke
extraction increasing; after that fails and extraction starts to fall, great effort again is ma
keep it from falling. Eventually that final great effafso fails.

Fit of theVerhulst functiorto U.S. crude oibffshore extractiomnd projection to year 2050:
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U.S. Offshore Crude-Oil Extraction
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BP Deepwater Horizon Oil Spill and Offshore Drilling



http://en.wikipedia.org/wiki/Deepwater_horizon
http://templatelab.com/deepwater-report-to-the-president-final-report/

Comparison of U.S. offshore crugd extraction toAlaskaandtotal U.S extraction:

U.S. Crude-0il Extraction
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Best fit to U.S. offshore crudail extraction of the total extraction:

U.S. Crude-Oil Offshore Fraction
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This shows the change in U.S. crude oil extraction since 1945. The biggest recent yearl
decrease wa$.7% in 1989 during the BushGHW administration. The average yearly de:
was-3.1% for the BushGHW administration arl7% during the Clinton adminration. Note
that the yearly changes oscillate depending on many factors, but the general trend is dc
No administration should be blamed for most of these factors and no administration car
the fact that the U.S. is running out of economyctdhsible crude oil.

US Oil Extraction % Change per year
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Alaska Crude-Oil Extraction



Alaska CrudeOil Extraction
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Data are from:
http://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=MCRFPAK1&f=M
http://www.tax.alaska.gov/programs/documentviewer/viewer.aspx?426

The extraction peak occurred in less than 2 decades after tReubligoe Bay discovery


http://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=MCRFPAK1&f=M
http://www.tax.alaska.gov/programs/documentviewer/viewer.aspx?426
http://en.wikipedia.org/wiki/Prudhoe_Bay_Oil_Field

Possible Alaska ANWAR crudeil extraction:

Alaska ANWR Crude-0Oil Extraction
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A high-value assumptiohas been made that the eventual total extraction will Hebaérels.
Further assumptions are that the initial speed of extraction will be ~30% less than the P
Bay speed and that the asymmetry will be the same as for PrBdlyaextraction.



California Crude-Oil Extraction
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This is included because dhims that there will be future increases in crodextraction in
California The sum (31.9 x Parrels) of the 2014 EIA estimate of reserves (~2.854x 1C
barrels) and the amount already extracted (~29.0 d@els) is smaller than the area unde
the curve (38.4 x Tbarrels). Thus, if the EIA reserves estimate is correct, there is no me
future for crudeoil extraction in California.



http://money.cnn.com/2013/01/14/news/economy/california-oil-boom/
http://money.cnn.com/2013/01/14/news/economy/california-oil-boom/
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New Mexico Crude Oil (1079 barrels/yr.)
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This is for reserves larger than the 2014 reserves of 1.558 x 1079 barrels.
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North Dakota Crude-Oil Extraction
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Oklahoma Crude-0Qil Extraction
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The last peak is fracked oil. The recent rise is horizontal fracked oil.
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United States NaturalGas Extraction

Current NaturalGasFutures Price



http://www.wtrg.com/daily/ngfclose.gif

Fit of theVerhulst functiorto U.S. natural gas extraction.

United States Natural-Gas Extraction
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The short large blip ishale gasSo, shale natural gas adds a short large blip to the ngaga
extraction for the United States. It could be reduced in size and stretched out over a lari
interval, but | doubt it will be. The U.S. will probably extract and use it as fast abj@os
Seehttp://www.roperld.com/science/minerals/NaturalGasUS.htm
Seehttp://www.roperld.com/science/minerals/lUSGasBoom_Bust.htm

The jump just before 1950 is because the previous data did not incttidetural gas
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New Mexico Natural-Gas Extraction
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This is for reserves much larger than the 2014 reserves of 15.28 x 10712 ft"3.

¢ Duration of Shalg5as Extraction in the United States

United States Petroleum Consumption

U.S. petroleum consumption since 1949. Note the sharp downward turn during the Cart
administration (197-1980); but then the increases started again by the end of Reagan's
term (19811988). Then consumption leveled off during the Bush administr§1i®891992)
and then continued the upward trend during the Clinton administration-gD@®23. Note how
the onset of Alaska extraction caused a temporary rise in U.S. extraction; but then, aftel
decade, began to decline. The Arctic National Wildliféuge is estimated to contain 7 x°10
bbl of oil. This is about one year's consumption, but it will probably be extracted over a (
or longer, which will be a negligible blip on these curves.


http://www.roperld.com/science/minerals/shalegasextractiondurationUS.pdf

U.S. Petroleum Consumption

1049 barrels/year

- N W A O OO N @

o

@ U.S, petroleum consumed MWU.S. Production almports e Alaska Production

United States CrudeOil Imports
U.S. Crude-Oil Extracted + Imports (1079 bbl/yr)

(7
|
. _/*"\l’
/
a
3 /
P

2 - /,
1 /

"
0

Yo Yo Yo Yo Lo Yo Y CRCRECRLE) <

N N S e N N e A A AR NN

The sum was ~5.5 x 1079 barrels/year for the last decad:t
United States Coal Extraction

Current U.S. Coal Spot Prices
Here is a fit with thre&erhulst functions
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It appears thatgeak codl has arrived for the United Statasabout year 2005.

U.S. Coal energy/volumand ahyperbolictangentfunction fit to the data:
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http://www.roperld.com/science/Mathematics/HyperbolicTangentWorld.htm

As seen below the final asymptote is somewhat above the energy content of lignite (14
MBTU/ST), as it should be. The initial asymptote is equivalent to mostly bituminous (2C
MBTU/ST), as it should be.

Putting the last two graphs together, the energy available from coal in the U.S. is

U.S. Coal Energy (1019 Btu/year)
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Although U. S. coal extraction peaks at ~2@D12, U.S. coal energy peaks at ~2Q004.
The energy contents of the three different classes of coal are TURB = 0.8598 MJ/kg):

Coal
energy MJ/kg | MBtu/ST
density:
Anthracite|] 32.50 28.0
Bituminoug 24.00 20.5
Lignite 16.50 14.0

Most of the coal mined in the U.S. is bituminpwgth a little lignite. Anthracite extraction is
almost negligible:



US Coal Extracted
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Powder : .
Central_ Northern_ Illinois Basin ' River Basin it Zekiy
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1 BTU = 1055.056 joules = 2.930711x4RWh
1 Ib = 0.45359237 kg
1 MJ/kg = 429.9226 BU/Ib

Here are relevant data for coal extraction in millions of tons per year for the United Stat

State Peak Coal Extractic Peak Yeai % drop to 201z

United States 1172 2008 13%
Wyoming 467.6 2008 14%
Pennsylvanie 2774 1918 80%
West Virginia 181.9 1997 34%
Kentucky 173.3 1990 48%
lllinois 89.3 1918 46%

Texas 55.8 1990 21%


http://www.eia.doe.gov/cneaf/coal/page/coalnews/coalmar.html

Ohio 55.1 1969 49%
Virginia 46.4 1988 59%

The list is for the United States and seven states that have had peaks of morentiikon50
tons per year and Virginia.

Virginia and West Virginia Coal Extraction
The red curve is the best fit to the data.

Virginia Coal Extraction
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Note that the current long decline started in 1992 during the George H. W. Bush presid



WYV Coal Extraction
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WestVirginia coal extraction may extend into the far future; more likely it will continue
current decline.



Pennsylvania Coal Extraction
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Kentucky Coal Extraction

1076 tons/year

Kentucky Coal Extraction
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Ohio Coal Extraction

Ohio Coal Extraction
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It appears that another small peak has occurred at year
~2010.



lllinois Coal Extraction
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Indiana Coal Extraction

Indiana Coal Extraction
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Alabama Coal Extraction

Alabama Coal Extraction
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Tennessee Coal Extraction
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Texas Coal Extraction
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Oklahoma Coal Extraction
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Colorado Coal Extraction
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New Mexico Coal Extraction
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Arizona Coal Extraction

Arizona Coal Extraction
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Utah Coal Extraction
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North Dakota Coal Extraction
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Montana Coal Extraction
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Wyoming Coal Extraction

Wyoming Coal Extraction
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The several graphs above make it clear that coal extraction is essentially economically
in the United States.

Coal Prices Prediction

World Crude-Oil Extraction

World crudeoil discoveriesand aVerhulstfunctionfit to the data.
The total amount of World crude oil to be discovered is slightly less than 2 g1i@illion)

barrels.
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World Crude Oil Discoveries
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World crudeoil extraction rate and derhulstfunctionsfit to the data obtained by restricting
the amount to be extracted in accord with the 2013 estimated reserves value of ~1%656

(trillion) barrels.

World Crude Oil Extraction
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World crudeoil extraction per capita. The extrapolation into the future is obtain by using
to World population extrapolated into the future
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Comparison of world oil discoveries and extraction.
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The amount under both curves is about 2xbarrels.

This graph contains information that probably will have the greatest effect on those now
and born in the futureCrude Qil cannot be extracted if it has not been discovered! This

graph shows very clearly why it is very unlikely that the final amount to be extracted will
exceed 2x18 barrels. So far the amount extracted has exceeded 1x20arrels, so we are
more than halfway there!

Monthly world oil extraction.
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The amount extracted per month has been nearly level for three years.
World crude-oil prices



Current CrudeDil-Futures Price

It appears that the average anraradeoil price may be leveling off just below ($100/barrel

Crude-Oil Price

$/barrel
g3

g

$30
$20 -
sio

so
1985 1990 1995 2000 2005 2010 2015 2020 2025

wi@=Price ====tanh fit

Gasoline Prices in the United States

This result can be used to predict the fufniee of gasoline in the United Stafes 1 January
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A hyperbolictangent fit of the U.S. regular gasoline price yields:
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Correlations of Energiinerals Prices and Consumer Energy Prices

Saudi Arabia crude-oil extraction

This is a foutVerhulstfit to the Saudi Arabia crudeil extraction datavith the set value of

Q=350x18 barrels, which is larger than theported reserves268x10 barrels) plus the
amount already extracted (~56.5%barrels) in 2014. The fit is made with the assumption
the current rise will continue until the peak at ~2020 year and that the last peak will be

symmetrical.
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There could be several future peaks instead of only one big one.
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The blue curve would be the case if craileextraction were fixed at 3.63x1Barrels per yea
until the 208x18barrels of current reserves ran out at about year 2072. The actual case



probably be some curve in between the red and blue curve, with perhaps more than on
the future.

It is easy to see whaudi Arabia is installing renewable enerqgy at a rapid.pace

Kuwait crude-oil extraction

This is a tweVerhulstfit to the Kuwait crudeoil extraction dataThe total amount to be
extracted was set at 155X1arrels, which is slightly larger than the 20&gorted reserves
(~104x10 barrels) plus the amount already extracted (about ~46 betfels). The last peak
is assumed to be symmetrical.
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The blue curve would be the case if craileextraction were fixed at 0.935x1barrels per
year until the 104x1barrels of current reserves ran out at about year 2134.

United Arab Emirates crude-oil extraction

This is a 3Verhulstfit to the UAE crudeoil extraction dataThe total amount to be extractec
was set at Q=140x2®@arrels, which is larger than the 20Bported reservgs-97.8x16
barrels) plus the amount already extracted (~33.5mafels). The final peak is assumed to
symmetrical.
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until the 98x16 barrels of current reserves ran out at about year 2130.

Seven emirates compriSBAE: Abu Dhabi, Ajman, Dubai, Fujairah, Ras al-Khaimah, Sharjah,

and Umm al-Quwain.

The total amount to be extracted was set at 20rafels for &8-Verhulstfit, which is larger
than the 2014eported reserves amours.5x10 barrels) plus the amount already extracte

Oman crude-oil extraction

(~10.7x16 barrels barrels). The final peak is assumed to be symmetrical.
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Oman Crude-0il Extraction
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Qatar crude-oil extraction

The total amount to be extracted was set at 40afrels for a/erhulstfit which is slightly
larger than the 201#ported reserves amour25x10 barrels) plus the amount already
extracted (~12.6xEbarrels barrels). The final peak is assumed to be symmetrical.
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Iran crude-oil extraction

The total amount to be extracted is set at 23Dk&@rels, which is about the same as the 2(
reported reservgs-157x10 barrels) plus the amount already extracted (~68kafrels).
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There could be several future peaks instead of only one big one.

Iran Crude-Oil Extraction
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The 2013 low was due to economic sanctions on lran.


http://www.eia.doe.gov/emeu/international/oilreserves.html

Irag crude-oil extraction

The 4Verhulstsfit has a total amount to be extracted set to Q=180afels, which is
slightly more than the 201gstimated reservés140x1@ barrels) plus the amount already
extracted (~36.7xBbarrels). The final peak is assumed to be symmetrical.
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There could be several future peaks instead of only one big one.

Irag Crude-Oil Extraction
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Due to the animosity among three ethnic groups in Iraq, it is likely that its futureafude
extraction will oscillate around its depletion curve.

Nigeria crude-oil extraction
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The total amount to be extracted was set at 70xafels for a 2/erhulstfit, which is about
the same as t2014 reported reserves amo(@Ix1@ barrels) plus the amount already
extracted (~33x10barrels). The final peak was assumed to be symmetrical.
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Angola crude-oil extraction

The total amount to be extracted was set at 25rafels for a 2/erhulstfit, which is slightly
less than the 2014 ported reserves amoy®t1x1@ barrels) plus the amount already extrac
(~11.6x10 barrels).
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Equatorial Guinea crude-oil extraction

The total amount to be extracted searched to 2.8bdrdels for a/erhulstfit which is smalle
than the 2014eported reserves amourtl.1x10 barrels) plus the amount already extracte:
(~2.74x18 barrels).

oy Equatorial Guinea Crude Oil Extraction
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The years before 1995 were not used in making the fit.

Algeria crude-oil extraction
The total amount to be extracted searched to 36%bdrdels for the/erhulstfit, which is

slightly smaller than the 20I4ported reserves amou#rtl2.2x18 barrels) plus the amount
already extracted (~26.5x1barrels).
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/Tunisia crude-oil extraction

The total amount to be extracted searched to 2.Pdrdels for thé/erhulstfit which is
slightly larger than the 2014 ported reserves amou(r0.425x16 barrels) plus the amount
already extracted (~1.55xAbarrels).
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Libya crude-oil extraction

The total amount to be extracted was set at 85xafels for the/erhulstfit which is slightly
larger than the 201#eported reserves amoyr#8.5x108 barrels) plus the amount already
extracted (~30.3xPbarrels). The final peak is assumed to be symmetrical.
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The fit curve is what could have occurred if the nation had not fallen into violence.

The last few years, whose low values were due to the civil war, were not used in making

Sudan crudeoil extraction

The total amount to be extracted was set at 4kafrels for theé/erhulstfit, which is about the
same as the 20¥8ported reserves amourtl.25x108 barrels) plus the amount already
extracted (~1.84xfarrels).
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Years before 2000 and the last 4 years were not used in making the fit.

Turkey crude-oil extraction

The total amount to be extracted was set to 1.5&afels for the/erhulstfit which is about
the same as the 20idported reserves amoyr0.2948x18 barrels) plus the amount alread
extracted (~1.196xPMarrels). The final peak was assumed to be symmetrical.
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Egypt crude-oil extraction

The total amount to be extracted searched to 14%bd@els for thé/erhulstfit which is abou
the same as the 20idported reserves amour#.4x1@ barrels) plus the amount already
extracted (~10.8xfbarrels).
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Gabon crude-oil extraction

The total amount to be extracted was set at Brafrels for thé/erhulstfit which is about the
same as the 20T4ported reserves amour2x1® barrels) plus the amount already extract
(~4.07x16 barrels).
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Congo (Brazzaville) crudeoil extraction

The total amount to be extracted searched to 3.0%drdels for the/erhulstfit, which is
somewhat smaller than the 20borted reserves amourtl.6x10 barrels) plus the amount
already extracted (~2.7x1Darrels).
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Brunei crude-oil extraction

The total amount to be extracted searched to 3.6%dels for th€-Verhulstfit, which is
considerably smaller than the 20ERorted reserves amou(rtl.1x10 barrels) plus the
amount already extracted (~3.3X1@rrels.
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Cameroon crudeoil extraction

The total amount to be extracted searched to 2.3bdrdels for the/erhulstfit, which is
larger than the 201#eported reserves amour0.2x10 barrels) plus the amount already
extracted (~1.41xfbarrels).
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Cameroon Crude Oil Extraction
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Chad crude-oil extraction

The total amount to be extracted was set to 3kaérels for the/erhulstfit, which is larger
than the 2014eported reserves amourtl.5x10 barrels) plus the amount already extracte:
(~0.94x10 barrels). The future peak was assumed to be symmetrical.
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The earliest value was not used in the fit.
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Ghana crude-oil extraction

The total amount to be extracted was set to 1kaérels for the/erhulstfit, which is larger
than the 2014eported reserves amouyr0.66x18 barrels) plus the amount already extract
(~0.172x168 barrels). The final peak was assumed to be symmetrical.
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éodo

The fit used only the last 4 years' data.
Uganda crudeoil extraction

The total amount to be extracted was set to 2 5rafels for the/erhulstfit, which is the
same as the 20¥4ported reserves amour2.5x10 barrels). The peak was assumed to be
symmetrical.
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Uganda Crude Oil Extraction
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Uganda is supposed to start extracting crude oil in ;2684 éhis is an estimate of what the
extraction might be.

South Africa crude-oil extraction

The total amount to be extracted searched to 3.9bddels for the/erhulstfit, which is
larger than the 201#eported reserves amoyr0.015x16 barrels) plus the amount already
extracted (~1.86xTfarrels).
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India crude-oil extraction

The total amount to be extracted was set to 15kafrels for thé/erhulstfit, which is about
the same as the 20idported reserves amours.6x10 barrels) plus the amount already
extracted (~8.3xIbarrels). The final peak was assumed to be symmetrical.

India Crude-Qil Extraction

0.30

o

N

n
"f.
»

o
o
\
T

1049 barrels/year
o
-
(]

0.10
0.05 | AN
0.00 - i t i i \ {
o. Yo, Y, %, 0, 0, 0, 0, 0, °
> o % D D o < B B K

e Extraction e===\/erhulst Fit

Syria crude-oil extraction

The total amount to be extracted was set at Brafrels for thé/erhulstfit, which is about the
same as the 20¥4ported reserves amoyr2.5x10 barrels) plus the amount already
extracted (~5.2xIbarrels).
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Syria Crude-Oil Extraction
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The last three years' values, due to the civil war, were not used in making the fit.
Yemen crudeoil extraction

The total amount to be extracted was set at 7&afrels for the/erhulstfit, which is slightly
larger tan the 201¢eported reserves amourBx1® barrels) plus the amount already extra
(~3x10 barrels). The final peak is assumed to be symmetrical.
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Azerbaijan crude-oil extraction
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The total amount to be extracted searched to 17%bdrdels for the/erhulstfit, which is
slightly less than the 20I4ported reserves amour7x1@ barrels) plus the amount alread:
extracted (~13.8xfbarrels).

Azerbaijan Crude Oil Extraction
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Kazakhstan crude-oil extraction

The total amount to be extracted was set at 4Dafels for the/erhulstfit, which is about
the same as the 20idported reserves amour30x10 barrels) plus the amount already
extracted (~9.9xIbarrels). The future peak was assumed to be symmetrical.
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Kazakhstan Crude Qil Extraction
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Uzbekistan crudeoil extraction

The total amount to be extracted was set at 2kafrels for thé/erhulstfit which is larger
than the 2014eported reserves amour0.594x16 barrels) plus the amount already extrac
(~0.641x168 barrels). The future peak is assumed to be symmetrical.
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Turkmenistan crude-oil extraction

The total amount to be extracted was set at Srafrels for theé/erhulstfit which is much
larger than the 201#eported reserves amoyr0.6x10 barrels) plus the amount already
extracted (~2.04xPbarrels). The final peak is assumed to be symmetrical.

en Turkmenistan Crude Oil Extraction
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It would be helpful to have extraction data before 1980.
Malaysia crude-oil extraction

The total amount to be extracted searched to 20%dr@els for the/erhulstfit, which is
slightly larger than the 2014 ported reserves amour#x1@ barrels) plus the amount alrea
extracted (~12.8xPharrels).
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Malaysia Crude-Oil Extraction
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Vietnam crude-oil extraction

The total amount to be extracted was set to 10&ka@rels for thé/erhulstfit, which is larger
than the 2014eported reserves amour#.4x10 barrels) plus the amount already extracte:
(~2.6x10 barrels). The future peak is assumed to be symmetrical.
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Thailand crude-oil extraction

The total amount to be extracted was set to 2kaérels for the/erhulstfit which is slightly
larger than the 201#eported reserves amoyr0.4488x10 barrels) plus the amount already
extracted (~1.32xPbarrels). The peak was assumed to be symmetrical.
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Australia crude-oil extraction

The total amount to be extracted searched to 10%d@els for thé/erhulstfit which is abou
the same as the 20tdported reserves amouril.4x1@ barrels) plus the amount already
extracted (~8.0xTharrels).
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Australia Crude-Oil Extraction
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Venezuela crudeoil extraction

The total amount to be extracted was set at 375xd0els for the sing¥/erhulstfit, which is
slightly larger than the 2014 ported reserves amour298x10 barrels) plus the amount
already extracted (~67x10arrels). The final peak is assumed to be symmetrical.
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Venezuela Crude Oil Extraction
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The future peak is mostlyeavy oil
Peru crude-oil extraction

1930 1950 1970 1990 2010 2030 2050 2070 2090 2110 2130 21350

The total amount to be extracted searched to 3.9bdrdels for the/erhulstfit which is

larger than the 201#eported reserves amoyr0.6329x10 barrels) plus the amount already

extracted (~2.47xfbarrels).
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Trinidad & Tobago crude-oil extraction

The total amount to be extracted searched to 3%bdi0els for the-Verhulstfit which is
slightly smaller than the 20I4ported reserves amour.73x18 barrels) plus the amount
already extracted (~2.8x4Darrels).
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Mexico crude-oil extraction.

For theVerhulstfit the total amount to be extracted searched to 59afels which is slightl
larger than the 201#eported reserves amourtl0x10 barrels) plus the amount already
extracted (~38.1xFbarrels).
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Brazil crude-oil extraction

The total amount to be extracted was set to 35kafrels which is slightly greater than the
2014reported reserves amourtl 3.2x108 barrels) plus the amount already extracted
(~14.7x108 barrels). The final peak is assumed to be symmetrical.
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Brazil Crude Oil Extraction
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The reserves used in this calculation was posted by the U.S. Energy Information Agenc
2013. Obviously, it does not include tfezent offshore discoveries called Psal with
estimates up to 100xi0arrels.

The best article | found about Psal is
-http://lwww.economist.com/displayStory.cfm?story_id=1334882dink that it is very
uncertain as to how much oil can actually be recovered frorsdPr@he Economist article
mentions many problems with extracting oil from Bat.

Countries almost always greatly exaggerate oil discoveries. $0at@ls or more would be .
amazing discovenhone that large have been discovered for over 40 ykdon't believe the
numbers given by Petrobras for the-Bag discovery.

Colombia crude-oil extraction

The total amount to be extracted was set at 10rafels for the/erhulstfit which is slightly
larger than the 201#eported reserves amour2.4x10 barrels) plus the amount already
extracted (~7.1xXbarrels). The final peak is assumed to be symmetric.
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The total amount to be extracted searched to 16°bdi@els for the 3/erhulstfit which is
slightly larger than the 2014 ported reserves amour2.8x10 barrels) plus the amount
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Argentina crude-oil extraction

already extracted (~11.0x3Parrels).
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Ecuador crude-oil extraction

The total amount to be extracted was set to 15kafrels for thé/erhulstfit which is slightly
larger than the 201#eported reserves amoyr8.24x108 barrels) plus the amount already
extracted (~5.5x1barrels). The final peak is assumed to be symmetrical.
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Indonesia crudeoil extraction


http://www.roperld.com/science/minerals/VerhulstFunction.htm
http://www.eia.doe.gov/emeu/international/oilreserves.html

The total amount to be extracted searched to 29%bdi@els for th&-Verhulstfit which is
slightly larger than the 2014 ported reserves amour3.59x18 barrels) plus the amount
already extracted (~22.8x3barrels).

- Indonesia Crude Oil Extraction
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SovietUnion/Russia crudeoil extraction.

The total amount to be extracted was set to 260a0els which is about the same as the :
reserves estimatef ~80x10 barrels plus the amount already extracted (~173&afels).
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Note the drastic drop when tB®@viet Union collapsed ~1990

Of course, the first peak is for the entire Soviet Union and the second peak is for Russit

China crude-oil extraction

The redcurve Verhulst fit was set at Q=75¥1arrels, which is slightly more than 2015
reserves of 24.6x2Marrels and ~46.7.3x10arrels already extracted. However, a better fi
was obtained with a reserves value of 66.5°xik0rels, the blue curve.
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Both fits assume that the peak is symmetrical.
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Romania crude-oil extraction

The total amount to be extracted searched to 6%bdi@els for the/erhulstfit which is
slightly larger than the 2014 ported reserves amouyr0.6x10 barrels) plus the amount
already extracted (~5.8x4barrels)..
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United Kingdom crude-oil extraction

The total amount to be extracted for-&&rhulstfit searched to Q=30.3x1barrels, which is
slightly more than thesported reserves amou@:98x10 barrels) plus the amount already
extracted (~26.1xEbarrels)
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Denmark crude-oil extraction

The total amount to be extracted foverhulstfit was set to Q=4x10barrels, which is slightly
larger than the 201#eported reserves amoyr0.8051x18 barrels) plus the amount already

extracted (~2.54xPbarrels). The future peak is assumed to be symmetrical.
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Germany crude-oil extraction
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The total amount to be extracted foverhulstfit was set to to Q=2xParrels, which is larg
than the 2014eported reserves amour0.2326x16 barrels) plus the amount already
extracted (~1.3xMbarrels). The initial and final peaks were assumed to be symmetrical.
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France crude-oil extraction

The total amount to be extracted foverhulstfit searched to Q=1.3x2®arrels, which is
slightly larger than the 2014 ported reserves amoyr0.08957x18barrels) plus the amoun
already extracted (~1.2x1Barrels).
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Italy crude-oil extraction

The total amount to be extracted foverhulstfit was set to Q=2.5xParrels, which is large
than the 2014eported reserves amour0.5605x16 barrels) plus the amount already
extracted (~1.1xIbarrels). The future peak was assumed to be symmetrical.
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Spain crude-oil extraction

The total amount to be extracted foverhulstfit was set to 0.4xI0barrels, which is slightly
larger than the 201#eported reserves amoyr0.15x108 barrels) plus the amount already
extracted (~0.21xPbarrels). The future peak was assumed to be symmetrical.
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The earliest three data were not used in the fit.

Netherlands crudeoil extraction

The total amount to be extracted foverhulstfit was set to Q=1x10barrels, which is larger
than the 2014eported reserves amour0.3026x160 barrels) plus the amount already
extracted (~0.41xTbarrels).
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Canada crudeoil extraction

The 2014 reserves value is ~173%barrels. This fit uses a value slightly larger than that:

Canada Crude-0il Extraction
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It is assumed that Canada oil sands are maximally extracted, which would be disastrc

global warming.



Canada Crude-0il Extraction
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The recent fast rise and big future peak is duextmaction of crude oil from oil sand§he fit

assumes a symmetric future peak.

Norway crude-oil extraction

The 2014reserves reported for Norw#.825x10 barrels) is about the same as the set Q \
(32x10 barrels) minus the amount already extracted (~25¥%xa0els).

Norway Crude-Oil Extraction
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World Natural -Gas Discoveries

This and the curve below for world natugas extraction were fitted together with a comn
value for amount eventually discovered and extracted (7:8%Ep

Comparison of world naturajas discoveries and extraction.

World Natural Gas Extraction
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This does not includshale gasThe amount under both curves is about 7.8 ft

This graph contains information that probably will have the greatest effect on those now
and born in the futurélatural gas cannot be extracted if it has not been discovered! This
graph shows very clearly why it is very unlikely that the final amount to be extracted will
exceed 8x1® ft3. So far the amount extracted is about 3x20ft3, so we are more than on«
third of the way there!
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to be eventually extracted was set to 10:5%%0which is slightly larger than th

sum of the 2012 reserves (~6.845%16%) and the amount already extracted (~3.316)

This does not include uncertain shale gas; see below.
Adding in uncertain shale gas:
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The short large blip is an estimatesbfle gas extractionSo, shale natural gas may add a ¢
large blip to the naturajas extraction for the World. It could be reduced in size and stretc
out over a larger time interval, but | doubt it will be. The world will probably extract and
as fast as possial

Canada Natural-Gas Extraction

Canada Natural Gas Extraction
7 p— 0" el T O o e e i ) T | G
6 -
5
n | | |
§$4- |
o~
23 N i
S N |
2 - N
: i TTT T
0 j 177* Ch— RS PR T ”7‘:
e o e o o o o b b O B s o
857657652525 85 85995 205205 %2505 %5225 %5235 %5259,
e data (10712 ft"3) ===Fit

The area under the curve is consistent with the ~72x3qxt3
reserves estimate for 2015.

Trinidad and Tabago Natural-Gas Extraction
Trinidad_Tabago Natural Gas Extraction
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The area under the curve is consistent with the ~12x313¥t°3 reserves estimate
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for 2015.
The future peak was assumed to be symmetrical.

Mexico Natural-Gas Extraction

les Mlexicq Natural Gas Extraction
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The area under the curve is consistent with the ~17.1x¥dt3reserves estimate
for 2015.

Brazil Natural -Gas Extraction
Brazil Natural Gas Extraction
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The area under the curve is consistent with the ~13.7x¥dt 3 reserves estimate

for 2013.
The future peak was assumed to be symmetrical.




Argentina Natural -Gas Extraction

- Argentina Natural Gas Extraction
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The area under the curve is consistent with the ~13.377x£6t3 reserves
estimate for 2013.

Peru Natural-Gas Extraction
Peru Natural Gas Extraction
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The area under the curve is consistent with the ~15.376xX£06t3 reserves
estimate for 2013.
The future peak was assumed to be symmetrical.




Australia Natural -Gas Extraction

456 Australia Natural Gas Extraction
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The area under the curve is consistent with the ~30x31%¥tS3 reserves estimate
for 2015.
The future peak was assumed to be symmetrical.

Venezuela NaturatGas Extraction
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- Venezuela Natural Gas Extraction
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The fit used an optimistic2015 reserves value of 19419.
The future peak was assumed to be symmetrical.

Bolivia Natural -Gas Extraction

Bolivia Natural Gas Extraction
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The fit used an optimistic2015 reserves value of 9.9x%0t2 .
The future peak was assumed to be symmetrical.




Colombia Natural-Gas Extraction
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The fit used an optimistic2015 reserves value of 6.4x%¢0t2 .
The future peak was assumed to be symmetrical.

China Natural-Gas Extraction
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The fit to the data uses the 201%5eserves valueof ~164x102 ft 3,
The future peak was assumed to be symmetrical.
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Russia NaturalGas Extraction
Russia Natural Gas Extraction
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The fit to the datauses the 2015eserves value-1688x102 ft3.
The future peak was assumed to be symmetrical.

Ukraine Natural -Gas Extraction

The fit to the data uses the 2013eserves value-38.987x167 ft3.

A guess was made as to the natgias extraction in the Ukraine state before it left the Sov
Union. Both the first and last peak were assumed to be symmetrical.
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