Welcome to this week’s presentation and conversation
hosted by the
Canadian Association for the Club of Rome,
a Club dedicated to intelligent debate and action on global issues.

How much oil remains for the world to produce?
Comparing assessment methods, and separating fact from fiction.

Our speaker today is Dr. Charles AS Hall, PhD (Systems Ecology under Howard Odum, UNC). He was professor at Cornell U,
U Montana, & SUNY (Environmental Science & Forestry), & now Professor Emeritus in Oregon. He is author or editor of 14
books & 300 articles. He won the Hubbert-Simmons Prize for Energy Education & Lifetime Achievement Award (Int Soc
BioPhysical Econ). He is best known for energy return on investment (EROI) & BioPhysical Economics. Today he assesses how
much oil remains to be produced & whether this poses a major constraint to global development, delving into the categories
& reserves of oil & related liquid fuels. His forecasts indicate that IPCC's high-CO, scenarios is not feasible by assuming
unrealistic high rates of oil production, but also indicate that considerable oil must be left in the ground if climate change
targets are to be met. As the world tries for sustainability, these perspectives on the availability of oil are critical.

The presentation will be followed by a conversation, questions, and observations from the participants.

CACOR acknowledges that we all benefit from sharing the
traditional territories of local Indigenous peoples (First Nations,

2022 Oct 26
Métis, and Inuit in Canada) and their descendants.
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. Sustainabillity

» Very sloppy use of the word sustainable

» According to Goodland and Daly (1996) sustainability means at
least three things to at least three different groups:

1) economic (survival of an economy)
2) social (survival of an ethnic social group or its culture)

3) environmental (survival of nature, or a part, or our society)

Not only are these three independent, they are often contradictory
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1Kung in action. The !Kunyg project showed that, although meat is a prized food tem,
plant foods provided most sustenance.

SCIENCE, VOL. 240
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Figure 6.3. Intensity of land utilization by !Kung as a function of distance from permanent water holes. Within six miles of a water
hole the food resources can be considered of higher quality and are utilized more intensively, because the energy investment required

for exploitation is less. (Map from Environment and Cultural Behavior by Andrew P. Vayda. Copyright © 1969 by Andrew P, Vayda.
Reprinted by permission of Doubleday & Company Inc.
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Left behind in an
energy racee

“And now there go the Wilsons! . .. Seems like
everyone’s evolving except ust”




Evolution of agriculture increased
Energy Return on Energy Invested, EROI,
And adllowed the development of cities












ll. The iImpact of petroleum
discovery and Increase

World Population Growth Through History [ —other

E= Hydro

[| = Muclear
i Matural Gas
== Crude Oil
== Cpal

== GDP

Modern

| Old ' New New e

Stone | Stone Age Stone Bronze Iron Middle !

Age ICommences  Age Age Age  Ages |
) | 1 !

Billions of People

Black Death - The Plague

Energy Production (Exajoules), GDP (Trillions 1990 5)

2-5 million 7000 6000 5000 4000 3000 2000 1000 | 1000 2025
years B.C. B.C. B.C. B.C. 8.C. BC. BC AD. AD. AD,

From "World Population: Toward the Next Century," copyright 1994
by the Population Reference Bureau 1830 1840 1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000




......

)
il
/‘, i\

G
o

i’f‘I ."
¥ . : :_.' 'j,:u o "!('\'.'f“ < ‘."", 7'.‘ s . v '..-_‘ ‘.}l‘ ;~' e ’::jﬁ -:-‘ ". I"’“‘é
¢ ¥ " g F - J.'/f&lo'- 2 : ‘ 3 Al g ” ’ N i
PN TP L A TN P T i AR L R R MR W i, ARG f

33 HP animal power (controlled by 5 workers plus)
Land for feed, Human work, Water and soil, Stables

el
“




200 HP mechanical power (controlled by 1 worker)




»The use of fossil (old) energy
creates an entirely new resource
for humans:

»enormously greater than in the
past



V. PETROLEUM GEOLOGY

in 3 Minutes
(Thanks to Colin Campbell)



Extreme Global Warming
gave excessive Algal Growths




And then came the rains

Chemical
reactions
converted
organic debris
Into oil when
buried & heated

Rifts filled by
sediment
washed in
from
borderlands
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Geology of an QOilfield

\\V\>1ter ﬁell

Sandstone
Reservoir Migrating Oil




»The important thing for today is
that, geologically, this is a
relatively rare event
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Complete cycle of crude-oil production in the United States and adjacent continental
shelves, exclusive of Alaska.




Depletion
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* Declining ore grades mean more energy and wastes
* Depletion = increasing raw materials costs
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United States Production, Hubbert versus Actual

i ’ Total US Production

O Actual Lower-48 Froduction,
Fost-peak
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Weekly U.S. Field Production of Crude Oil

Thousand Barrels per Day
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Unlted States Shale Gas Plays

Stacked Appalachian Plays
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Bakken Shale Production
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The “sweet spofts * are pretty much all developed




VI. Our new study:

» How much oil remains for the world

fo produce? Comparing assessment methods,
and separating fact from fiction

» Jean Laherrere, Charles A.S.Hall, Roger Bentley

» Current Research in Environmental Sustainability
» Volume 4, 2022, 100174




world oil production from API 1857-1993 & EIA crude oil 1973-2020

Mb/d

90 .
[
'
- — — — - — - —— '
80 - = =increase 7.3%/a "
'
s A PI 1857-1993 [
!
70 : T [ TY /
mcrease 1.3%/a !
!
~—— EIA crude including lease condensate 1973-2020
60 ~
50 Jean Laherrere aug 2021
40
30
20

10

2020

1980 1990 2000 2010

1930 1940 1950 1960 1970

0
1850 1860 1870 1880 1890 1900 1910 1920



Oil production 1965 - 2020 with peak oil years

Total World

S0 | e Us tight oil

I US NGLs

Middle East » Peak oil has
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Figure 3.13 o Liquid fuel schematic
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world remaining proved oil reserves from different sources
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The critical issue of year of
attribution

Most “new’ oll Is In fact a “revision”
or “extension’ of an earlier find....

...often decades earlier



World remaining oil reserves from political/financial and technical sources
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world crude oil -extra-heavy annual discoveries & production
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A “new” f Jrization
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How well does it work for plays that l
are depleted to exhaustion?



Pennsylvania anthracite decline
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Brent oil & water monthly production from DECC
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. Cum. prodii:ssnis : Estd. yet to
(Dataiin GOl end-2020 Oﬁhd produce
Alliquids 1615 | ~3400
Crude oil 1440 ~2100 Note: All data

approximate.
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https://www.sciencedirect.com/science/article/pii/S2666049022000524?via%3Dihub#tf0005
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World oil production from EIA data & forecasts
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Depletion is Easy to Grasp l

As every beer drinker knows:
“Glass starts full, and ends empty”
» The quicker you drink it, the sooner it is gone
» The same principle applies to oil and gas
How has this self-evident reality been concealed ¢
» |t is SO obvious yet it is @
DEVASTATING REALISATION



Who has the oil?

The Middle East controls more than

G0 percent of the world's remain ing ol

Russia
Nowiy 72 804
Arerbaijan
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Canada g
16.bes o L Ttes , o e
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Increased oll drilling may not be in
+=» pational interest, a new study by
| +=3 Cornell Universily scientists says.
= predicts that Industry soon may be
| _ng more energy drilling for ol than
! 2 s finding. .
{ (Shory on Page W)
i - o =
!

TUESDAY, FEBRUARY 3, 1981

By Jerny E. Bishor
f Reporter of Tiem Wars. STarcer JOURNAL
The faster the oil industry drills for new
the U.S. the soomer it becomes a losing
Ty proposiiion.
t's the conclusion of a new study by
Cornell University scientists. The study
wared in a scientific journal only a few
-3 after President Reagan decontrolled
estic oll prices 10 stimulate exploration
~ew ofl suppiies in the continental US.
‘nless the oil industry finds a superior
.7 1o Jook for wew oli pools, drilling soon
consume more energy than it unearths,
study found. The day soon will come, the
rchers explained, when “the energy
of obtaining a barre! of oil is the same
qe energy I8 that barrel,”™
This break-even day of reckoning won't
# for about 20 years if the industry holds
ing 10 its 1975 rate, the study predicted.
- f that rate comtinues to increase, “the
eeven pownt for olf could vccur in the
-1950s, " the researchers said.
The result of our analysis indicates that
*+ current trend of Increasing conventional
rathon effort by the ol industry may
in the Lest isterest of the nation as a
Charles AS. Hall and Cutler J.
. and of Cornell's section on ecology
ooosvstenuatics asserted In thelr study,
shed in this week's issue of the mags-
Science.
 maun reason ts that the oil industry

tpdustry  studies

sirated that odlnsen

less ol per foot drilied in

Aoyears. Ol observers maimtan that

tors that coudd re-

LCOvery tred cate conting
tevhined

I : Unlastry

s o v, ther AV are big new o

<os tehds st o be fousad i the 125, By

{ woapurts i dolhng sesuiting from ris
L pnees for the faeks, .

Statistical Correlation

The Cornell scientists’ study statistically
correlated the Industry’s yearly volume of
drilling for exploration and development and
the amount of oil found. That correlation
doesn't show what is commonly assumed,
however,

The team found that the amount of ofl
and gas {measured In equivalents of barrels
of oll} discovered per (o%l.:(y wt“lle:rms‘:
dropping precipitously. c s
more than a decade ago by M. King Hub-
bert, an oll exploration consultant to both
the industry and the govermment, that
showed the industry in the 1930s extracted
about 230 barrels of ol for every foot
drilled. This dropped to about 40 barrels per
foot drilied in the 19505,

The trend was reversed briefly Ia the
1960, causing many 1o cast aside Mr. Hub-
bert's analysts, the researchers noted. The
new amalysis, they said, shows that the
downward trend resumed in the mid-1960s.
By the late 1970s, the indusiry was finding
only 10 1o 15 barrels of oll for every foot
drilled,

*Isn"t When the Wells Rua Dry™ b

At the same time, they sald, the energy
cost of exploring for, extracting and deliv-
ery ol has been increasing steadily. It cur-
rently equals about 1': barrels of oil energy
for every foot of well dnilled.

“The time at which domestic petroleum
will po longer. oa the averige, be a net fuel
for the nation isa't when all the wells run
dry but eather at sozie, puint before that

I it ety Cust ing a bar
¢ samse as the energy i that

1 drilled
il s How soon,

(5%
ihey s, depends on bow intersively the in
st bt Tor ol

break-even point could be staved off until
the year 2004, thelr analysis found.
“Were we to continue to dnlt at the 1978
Ievels of about 200 million feet a year, the
linear extrapolations would intersect in
2000, they added. This is for both oll and its
equivalent in natural gas, “For oil alone, we
eoudn'..u-blhebrmfmpum In about a

If the Industry continues 10 Increase its
drilling rate at the pace it has in recent
years, the break-even point for oil and gas
could be reached In the mid-148¢s, they con-
cluded. '
Reagan Adviser's Challenge

Michel Halbouty, the Houston industry
consultamt who was President Reagan's
chie! adviser on emergy policies. quickly
challenged the Cornell researcher's conclu-
sions. The study, he noted, was hased on the

Industry’s drilling record since 1945, But, he
said, this drlling record has been distorted
by government regulation.

“We've experienced Z3 years of controls
and regulations that have stymied the explo-
ration effort in this country,” he said. Be-
cause of such regulation he sxa, many odl
men have been forced o dnill near oid ol
fields where there's a better chance of find-
ing oll. Such dniling, he satd, dovsnt really
add much 1o new ol reserves. This, he said,
was one reason for the dechine 1 the pany
ber of new barrels added to reserves per
foor of well drilied,

With Pressdent Reagan's d
Mr. Halbouty saad, “we're gui
rea] wildcatting 1o the boosdocks.

“AMost domestic ol (and presuably goas)
that ks now produced conwes [ren reserves
discovensd before 190, the seologists siid,
‘We see litle hoge for chamging this pactiure
very mach throuch, increassd conventional
dniling eflort, and m fact such etiort couid
derrease the total energy dedive
ety by the petrodenm industey by
thee ellicoency of That energy bitons
try.” they deciansd

Declining EROI

Refutes economist’s
assertation that there is no
Issue with depletion
pbecause increased prices
will oring in increasingly less
eCconoMmic resources

Applies to
Canadian/Venezuelan
Heavy oil?
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