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Most of our
economic and
financial theories
were derived here

What economic
theories are
appropriate here?




Il. Stability theory:
* from General Systems Theory
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~Figure 7.5, Three types of balance pomt.










I1l. Does this apply to our
current economic system?
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Table 1
Overview of studies on the energy-income nexus in three selected countries: India, Turkey and USA

Countries Results”
E-Y E«Y EeY
India Asafu-Adjaye (2000) Paul and Bhattacharya (2004) Soytas and Sari (2003)

Turkey Soytas and Sari (2003) Lise and Van Montfort (2007) Erdal et al. (2008) Jobert and Karanfil (2007)
USA Stern (2000) Kraft and Kraft (1978) Chontanawat et al. {2008)

* E and Y denotes energy consumption and economic growth, respectively. — and « indicate direction of the causality, while « means bi-directional causality and ~
means no causality in any direction.
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3.But its not just energy that grows
the economy

It is CHEAP energy



Average Real Qil price from 1970 - 2008
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Peak Era Model of Economic Growth
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Major Recession Petroleum Expenditures as a
(1980 - 1982) Percent of GDP
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Figure 1. Petroleum expenditures as a percent of GDP in the U.S. and
real oil price.




00
o

(o2}
o

ire)
e
~
v

Q

(&)
-
Q.
@)

5
o

30 40 50
Oil Supply (Mbpd)




(199/S) @2124 30dS | LM
o

o o
0 Xo)

~==\WTI Spot Price ($/bbl)

E=10il Supply

o o o o o o
M~ Xo) N = ™M o~

(pdqy) Ajddng 110 18q0|9

8007320
800Z-Inf

800Z-Ady
800Z-uer
L00Z¥0
L00Z-INr

£00Z-1dy
£00Z-uer
9002320
900Z-Inf

900¢Z-4dy
900Z-uer
5002320
S00Z-Inf

S00Z-Ady
S00Z-uer
v00Z-320
v00Z-Inf

¥00¢-4dy
v00z-uer




T

T

i T I v I

o o o
o o o o o
n < m ~ ~{

(og9) apedaq Jad sauaA02sIg |10 2ALE|INWND




% DEEPWATER

vy
)]
i
=4
o
o
B
o
8
(=]
[t
[r—
o
R
vy
o
vy
L))
i
Q
>
o
o
2
(]
—
U
4
o
=
Q.
)]
[«
(=]

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005




Break-even price’ for oil capacity, 2008-12

$/bbl, WTI
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Oil Supply Costs
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Source: Cambridge Economic Research Associates "Ratcheting Down: Oil and the Global Credit Crisis” October 2008
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Summary of the Facts

* |[nexpensive energy has been used to provide
steady economic growth in the recent past

 We are finding less oil, and the oil we do find
IS expensive, creating a volatile price situation
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Economic impact of EROI






|. DEFINITION of EROI (Sometimes EROEI)

Energy return on investment for an activity:

Usually consider energy invested from society



Jast Firse Princiole

e Humans use high quality, low cost resources
before low quality, high cost resources

e Best-to-worst ordering of resource
exploitation
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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 could 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 cffort. 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 supplics
if government decreases regulation and

0016.8075810206.0876500.750  Copyright © 1981 AAAS




Oil and Gas Production per
Foot of Well Drilled with
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p. 182, ENERGY AND RESOURCE QUALITY
C.A.S.Hall, C. Cleveland, and R. Kaufmann, 1992
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Break-even price’ for oil capacity, 2008-12

$/bbl, WTI
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1. We have many studies now that are based on physical data
2. These studies tend to be consistent with our earlier studies

3. All show relatively high but declining EROI for conventional
fuels and low but occasionally increasing values for e.g.
new solar

4. All show decreasing EROI when effort is high
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Energetic cost of petroleum
production in Norway in 1991 - 2008.

Leena Grandell
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=&=total petroleum

== oil only




EROI and Drilling Intensity
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How about natural gas?

By Bryan Sell
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V. Relation of these things to
economics:

(We canneit rumn @n mvens)



TrE ECONOMISTS ARGUMIENT

Technology will overcome depletion

IHIE GEOLOGISTS ARGUIMIENT

Depletion is real and will overwhelm
technology

Who is right??



1. Economists say:
 We can let markets solve our problems,
Such as declining oil production
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2. ECONOMISTS SAY THIS A CYCLE,
BUT CLEARLY IT IS A TREND

Not necessarily a bad thing depending upon
how we respond to it.

We can respond to it well or poorly
Need to live on interest, not capital

Need to put growth aside for the time being



MY MUST HAVE A NEW
ECONOMICS



3. Alternatives are not adequate
to replace oil
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4. Externalities can come back and bite you






5. Declining EROI of conventional fuels
and of our alternatives are likely to
cause large impacts on the economy
even if energy resources are large
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SOME NEW WAYS WE WILL HAVETO DO
ECONOMICS

e 1) We will have to reduce labor productivity
e 2) We will have to reduce wages

e 3) It will impact foreign workers hugely

* 4) We cannot afford market economics

* toguide our future

* 4) Itis a great time to think about
redistribution
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