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» What, basically , doesthe LG modelsay?

» Let's call a spade a spade




GROWTH IN THE WORLD SYSTEM

Figure 35 WORLD MODEL STANDARD RUN
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The “standard” world model run assumes no major change in the physical,
economic, or social relationships that have historically governed the de-
velopment of the world system. All variables plotted here follow historical
values from 1900 to 1970. Food, industrial output, and population grow
exponentially until the rapidly diminishing resource base forces a slowdown
in industrial growth. Because of natural delays in the system, both popu-

The model
showed violent
changes

IN the condifions
of humanity
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THE STATE OF GLOBAL EQUILIBRITIM

Figure 45 WORLD MODEL WITH STAEILIZED POPULATION
AND CAPITAL
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» Then came the oll price shocks of the 1970’s l

» The price of oil went up (twice) from $3.50 a
barrel to $3.50 a gallon in today’s prices ...

» There were huge, previously unseen
economic problems... “stagflation” efc.

» The LtG models seemed to be validated....



» The mainstream economists did noft like any of
this

» They found three forpedoes:
» 1) EConomists’ arguments

» 2) Paul Ehrlich’s stupid bet
» 3) The price of oil receded



propertfiese



“ A close look by economists has led many l
competent independent analysts to conclude

that the underlying assumptions are pure fantasy”

... did not reter 1o a single scientific study ...
There Is a clear possipiliy fihat the development

of nuclear fusionwillepen Up a vast and perhaps
enormously cCheapp source of power ..."

“There are no inventions .. Output per

unit input has been rising between one

and one half and three percent
(Denison)...



eonard M.
Peter Passell

Professors Leonard M. Ross and Peter Passell were interviewed
simultaneously since they coauthored (with Marc Raoberts, another
Columbia University economics professor) a devastating critique_of
Limits 1o Growith, as well as Jay W. Forrester's two books, World
Dynamics and Urban Dynamics, in the Aprib 2, 1972, New York
Times Book Review.

Leonard M. Ross was born in Los Angeles, California, in 1945.
Both he and his colleague Peter Passell studied at Yale University
in New Haven, Connecticut. Ross wemt to Yale Law Schoo), while
his feiend Passell got a Ph.D. in economics at Yale in 1970. Profes-
sor Ross is completing his economics degree at Yale as wel). They
both teach at Columbia University. Together they recently pubhished
Affluence and ltis Enemies, The Viking Press (New York, 1973).

Professor Ross, you have been one of the criiics of Limits to Growth,
in the New York Times, for instance.

Professor Ross: Our basn: feeling was that it was a bold and ambitious
attempt but one with very megative consequences. We thought it so far




The price of oll receded ....

$80

Iran-lraq War Begins; ___,
oil prices peak

Saudi Light .
Iranian

evolu ;
Shah Deposed

1973 Arab Oil
Embargo

Prices spike on Iraq war, rapid
demand increases
producer"” role; oil prices constrained OPEC capacity,
collapse low inventories, et

Prices rise
sharply on OPEC

Irag Invades
Kuwait RAPIRTI
Asian economic crisis; == 19 y
. Lo on 9/11 attacks;
oil oversupply; prices :
economic weakness
fall sharply




» Paul Ehrlich’s (one of my heroes) stupid bet l




Figure 35 WORLD MODEL STANDARD RUN
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The model
was often
misunderstood
as an explicit
predictor

and the
fechnology of
the time did
not allow the
labeling of the
fime intervals




Present state of the LtG “Predictions”

THE LIMITS TO

Donella H. Meadows
Dennis L. Meadows
Jorgen Randers
William W. Behrens I

A Report for THE CLUB OF ROME’S Project on the
Prediczament of Mankind
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» The output graphs produced from the World3 model are
predictive “only in the most limited sense of the word.
These graphs are not exact predictions of the values of the
variables at any particular year in the future. They are

indications of the system’s behavioural tendencies only.”
(Meadows et al., 1972, pp. 92-93)..

» Nevertheless they have hardly been demonstrated
incorrect... quite the contrary.

» what economic model 1s still “correct” 50 years later?
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A comparison of The Limits to Growth with 30 years of reality Graham M. Turner
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obsessed
with wafter,
fish,
ecology,
stuff like
that

New Hope
Creek




| devised

d
fraps to study
fish migration

welrs an




During my dissertation work | came
up with the idea of EROI

Energy return on investiment for an activity:

Energy delivered 1o society (or organism)
EROI =
Energy put into that acfivity

Usually consider energy invested from society (organism)
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Sockeye salmon
that migrated
came back
much larger than
their brothers and

sisters that did
not (foreground)




But energy in society kepf
gnoW| ) .

Howa g to write
on fh -



-rom Odum | learned of the incredible
importance of fossil fuel energy

-ew environmentalists foday know
now to deal with this issue well

Why do we do so much on
environment and so liftle on
resourcese



33 HP animal lpower (cdhthlled by 5 workers plus

Land for feed, Human work, Water and soil, Stables



200 HP mechanical power (controlled by 1 worker)




The dirty secret to wealth
oroduction: Use more energy

450

'Other
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= Muclear
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&= Crude Oil
== Coal

== GDP

Energy Production (Exajoules), GDP (Trillions 1990 5)
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Reprint Series
6 February 1981, Volume 211, pp. 576-579

SCIENCE

Petroleum Drilling and Production in the United States:
Yield per Effort and Net Energy Analysis

Abstract. For the past three decades the quantity of petroleum (both oil and oil
plus gas) found per foot of drilling effort in the United States for any given year can
be expressed as a secular decrease of about 2 percent per year combined with an
inverse function of drilling effort for that year. Extrapolation of energy costs and
gains from petrolenm drilling and extraction indicates that drilling for domestic pe-
troleum conld cease 1o be a net source of energy by about 2004 at low drilling rates
and by 2000 or sooner at high drilling rates, and that the net yield will be less at

higher drilling rates.

Production and reserves of U.S. liquid
and gaseous petroleum peaked in the
early 1970's and generally have declined
since then despite considerable increases
in drilling effort. Continued increases in
effort are likely in the near future be-
cause imports carry a heavy economic
and political price and because recent in-
creases in oil prices have given petro-
leum corporations considerable quan-

tities of new working capital. But the
Carter Administration and Congress
have imposed a large “windfall profits
tax"" on petroleum corporations, which
will decrease the capital available for ad-
ditional exploratory effort. On the other
hand, oil industry advertisements and
some politicians have promised large
new exploratory efforts and oil supplies
if government decreases regulation and

00168075810206.0576500.750  Copyright © 1981 AAAS

Hall and Cleveland 1981

We applied EROI and
Yield per Effort ( concepts
from fisheries) to alil .....



SCIENCE
31 August 1984, Volume 225, pp. 890-897 IE

Info “The
Energy and the U.S. Economy:
A Biophysical Perspective | S 1_ Ny
Cutler J. Cleveland, Robert Costanza, Charles A. S. Hall, and Robert Kaufmann E 3

Copyright © 1984 by the American Association for the Advancement of Science
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» | had always thought that “resources” applied to energy ,
but Dennis Meadows has told me recenitly that resources did
not in their minds particularly mean energy, and that | had
made useful contributions 1o the implications of LtG by
analyzing energy explicitly



» SO my goadl foday Is to add in what energy might
mean for LtG today

» 1) Universal resource — allows production of other
resources and avoidance of pain

» 2) Causes dependency
» 3) Is finite: in both supplies and EROI



So, with respec
a future d«



[ don'f know!

There are | I
degrees o

BUL, 2



We face six basic problems that l
must be overcome if we are to

successfully navigate the future

The first is climate change, which | will not discuss further

With the exception of climate change these issues are

basically not considered by the “sustainability™
community.



The second Is depletion of our basic
fossil fuels.

Fossil (old) fuels are the basis of our
modern economies, wealth, food

supply, health, education and so on.
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is Easy to Grasp

As every beer drinker knows:

“Glass starts full, and ends empty”

» The quicker you drink I, the sooner it is gone
» The same principle applies to oil and gas

How has this self-evident reality been
concealed ¢

» |tis SO obvious yet It is @
DEVASTATING REALISATION



United States (High-DP50-7.5 - USGS)

Vietham (High-DP50-5)

Some 36 of 44
oll-producing
countries have
dlready
experienced
‘veak oll" ...
Hallock et al



Oil production 1965 - 2018 with peak oil years
Middle East stacked on top

PEAK OIL* HAS
O S OCCURRED ALREADY
FOR ASIA, AFRICA,
= Excl. Middle East EUROPE' SOUTH
mm US shale oil &CENTRAL AM ER'CA
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mmm Canada AM ER'CA & MlDDLE
s I Russia EAST

B s = Rest CIS
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Mexico
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mm Africa
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S.H. Mohr et al /Fuel 141 (2015) 120-135

The future is likely to

Fig. 6. Fossil fuel projection by mineral type (black dots represent actual historical production).
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be severely

constrained by “peak

oil" and other energy

From : Mohret al. 2015

Future of all fossil fuels.

Low, “Best Guess” and High

estimates




Depletion

g “
° Depletion Of ) . —=—Nickel (%Ni) - Copper (%Cu) > Ore grOde
renewables if 1\ oo od f ;
over sustainable -1 1 o : B O 05
harvest g -1 Lot | " of our resources
i |l H ) i
* Depletion of i | I\ ! ;Shcgeg:ellglng 5
minerals and non-  : *  ‘~
renewables resources dare
unless replaced depleted,
by renewables - requiring more

r, T., Giurco, D., Mudd, G., Mason, L., Behrisch, J. 2012) Diagram reproduced by permission o e n e rg y p e r -I-O n

* Declining ore grades mean more energy and wastes delivered

* Depletion = increasing raw materials costs




OIL PRODUCTION
OIL CONSUMPTION
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The third is declining EROI of our
most impo -




EROI for Oll; US and
other

0 -
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
US oil/gas (Cleveland et al 1984) US oil/gas (Hall et al 1986)
—o-Global oil/gas (Gagnon 2010) ©o-US oil/gas (Guilford et al 2011)




Time: series & projections

EROI
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Gagnon, Hall
and Brinker 2009



Minimum EROI for Conventional Sweet Crude Qil

Society’s Hierarchy of

Activity Minimum EROI Required
i 3 1)

E g N d Arts and Other 14:1
ner etl C ceds Arts Health Care 12: 1

Education 9orli0:1|

Support Family of Workers 7or8:l
Health Car'e Grow Food 5: |
Transportation 33
Refine Oil 1.2:1

Extract Oil 12 My Colleague

Jessica
Lambert will
talk more
apbout the
need for high

EROI next
week



The situation is perh:
summarized in t
model

Hall, POWJ
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EROIst system
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il existe une solution simple et fausse.

| FEEL SO DIRTY !

N DIESEL

" ELECTRIC




» And we need 1o talk about
population

» And water
» And soll
» and resources/capita




The fourth is Jevon's paradox

» The most common response: technology , often meaning increasing
efficiency

» “When, to save coadl, the efficiency of steam engines (in 1800) was
Increased they became cheaper, more uses was found for them, and
the rate of coal use increased” Stanley Jevons, in The Coal Question
1856

» Efficiencyis the basic mantra/method of the modern green
movement

» Example (one of many) : Since 1995, aviation fuel use/passenger-mile
Is down 70 percent, air fraffic rose more than 10-fold, and global
aviation fuel use rose over 50 percent.



The fifth is the suite of myths usually
called conventional or neoclassical

eCconomics

» Basically NCE is based on a set of premises that break the basic laws
of thermodynamics, conservation of matteretc etc. Their models
cannot existin the real world.

» NCE gives money little importance because its price is low, e.g. itis
only 5-10% of GDP. In fact the present reality that energyis cheap is
WHY it is so important for our society.

» Add in energy to your production function and the “Solow residual”
(i.e.tfechnology) disappears.




Current U.5. and Global Oil/Energy Situation

~




Ener? and the
Wealt

of Nations

o lntrodection b Bophysicl Economics

» There is an antidote to all this:

» BioPhysical Economics
» This exists in a number of venues:
> 1) The Intfernational Society of
BioPhysical Economics
2) The Journal BioPhysical
Economics and Sustainability
3) Many academic publications
<including textbook
4) The new think tank
www.BPEInstitute.org

V V.V VY

» If you want more: email chall@esf.edu

4


mailto:chall@esf.edu

The sixth is the most difficult and
most importa







SPRINGER BRIEFS IN ENERGY

Wy sre=s=v,
'y RN

The Limits to Growth is playing out
Nation by Nation

Nafeez Mosaddeq Ahmed o
" Failing States,
_ Collapsing Peck and fhen
= Svstems decreasing oil, nation
& D: . by nation, generates
i BIOPhyS|Ca| extreme social unrest.
Tr]ggers of Political This is the real problem
Violence |
2 S Good BioPhysical analysis

explains many things:
Such as Tump's nominal
economic success



The LtG model asked the right
questions, and Nno hewer

approach has asked them any
better

CONCEPTUALLY IT WAS BRILLIANT AND ITS TRACK RECORD SO FAR IS GOOD



~urther thoughts on Limits to Growth
today:

» Dennis Meadowssaid in the “30 year update to LTG” that we had
lost thirty years by doing nothing”. Now we have lost 50

» We have not examined today their conclusions --that we need to
stabilize populations and stop investments to generate stability.

» Technologythat does not lead to Jevon's paradox?e

» Nearly all “green” solutions that are offered are not (e.g. June
Sekera’s study).

» The governmental data/institutions required to understand these
issues is increasingly not maintained. (Leaveit to the marketl)

» Science is used increasingly to defend positions, rather than test
hypotheses.

> It's a great time to think about redistribution !



» One possible
future 222
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\T OFFENDS THE HUMAN GO THAT
NATURE 1S INDIFFERENT TO US.

» If you do not
have enough
energy no
other
sustainability
Issues matter




“The picture’s pretty bleak, gentlemen. ... The
world’s climates are changing, the mammals are
taking over, and we all have a brain about
the size of a walnut.”
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Since ours Is a formal, or mathematical, model it also
has two important advantages over mental models.
First, every assumption we make Is written in a precise
form so that it is open to inspection and criticism by all.
Second, after the as-sumptions have been scrutinized,
discussed, and revised to agree with our best current
knowledge, their implications for the future behavior of
the world system can be traced without error by a
computer, no matter how complicated they become,




UK %GDP allocated to energy expenditures

Agrarian Society Advent of Industrial Revolution Modern Society
%Workers in 1° Econ ~90% And Global Capitalism %Workers in 1°Econ <5%

EROlIsoc<5:1 Increasing EROI EROlgoc~30:1

| A
| \f \
Colonialism -
Naval Empire

Gas
Steam
Power
Non-Fossil
Food
2l Electricity
Jevon’s
Paradox
Automation
2nd Law Oil
Malthus’
Fodder Prediction

1400 1500 1600 1700 1800 1900 2000
Year C.E.

Key: Energy Source, Intellectual Paradigm, Net Energy Keystones




