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N the news

Quinze mille scientifiques alertent
sur I’etat de la planeéte

L’ampleur de I'initiative est sans précédent. Plus de 15 000 scientifiques de
184 pays signent un appel contre la dégradation catastrophique de
I'environnement.

Airbus décroche la plus importante
commande de I'histoire de
I’aéronautique
Wh at d Oe s th i s m e a n L’avionneur a vendu au loueur américain Indigo 430 moyen-courriers
A320 Neo pour une valeur de 42 milliards d’euros.
to you?
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About 1 million years ago:
Fire domestication: lighting, heating, cooking
->improved health

Chenspec via Wikipedia
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During the Roman Empire, agriculture provided food
to humans (some of them are slaves) and animals:
this was (almost) the only source of energy

Fiesco via Wikipedia



The Roman Empire in 117 AD
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Romans used to have another source
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During the Middle Ages,
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A famous example: the Dutch quden Age (16th century)
- Efficient agriculture
- Peat

- Waterways
- Trade, city develop
- Sawmills for boat d
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« Een Wonder en is gheen wonder »
Simon Stevin




Before using coal, 25 cubic meters of wood are needed
to produce 50 kg of iron
(in forty days, a forest is cleared on a radius of 1 km)

Diderot - D’Alembert via Wikipedia



In the UK, wood shortage leads to the discovery of
the potential of coal
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After WW2, almost exponential growth of oiI consumption

opens the so- called « consumer society »
7\?\ 'g - e

Reiche via Wikipedia
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In Western Europe, almost ”GDP growth per year during
30 years —
«The Glorious Thirty » -fLes Trente Glorieuses »

-> 1973 Oil Crisr'p,
-> In Europe, emeérgence of public debt and mass
unemployment

Eric Kounce via Wikipedia




Trajectories of Societies
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Energy & GDP

e Recent research in Economics has shown that:

* The empirical elasticity (measured from time series among
OECD countries over the last 50 years) of the consumption of
primary energy into the GDP is about 60%, which is 10 times
higher that what is predicted by the « Cost Share Theorem »

Elasticity can be quantified as the ratio of the percentage change
In one variable to the percentage change in another variable

* There is a causality link between the consumption of primary
energy and the GDP in the direction Energy -> GDP

$ =) S$<€




Energy & GDP
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Energy & GDP

10%
~+Total World, oil consumption, 3 year average change
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—=Total World, GDP per capita, 3 year average change
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Variation lissée de la consommation mondiale de pétrole (rouge) et du PIB par
personne (bleu). Source World Bank 2013 pour le PIB, BP Stat 2013 pour le pétrole

Source (in French): Jean-Marc Jancovici, « L’économie aurait-elle un vague rapport avec I'énergie? », LH Forum, 27 septembre 2013
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Energy & GDP

66 1871 1876 1881 1886 1891 1896 1901 1906 1911 1916 1921 1926 1931 1936 1941 1946 1951 1956 1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011
$140

$12

$100

$80

$60

$40

$20

$0

0

Nominal
B Real
May 1987 — January 2016 monthly average Brent spot prices

Conversion to actual dollars uses US CPI for All Urban Consumers (CPI-U)
Sources: Energy Information Administration and Bureau of Labor Statistics

May 1987

Jan 1988

Jan 1989

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

Jan 2004

Jan 2005

Jan 2006

Jan 2007

Jan 2008

Jan 2009

Jan 2010

Jan 2011

Jan 2012

Jan 2013

Jan 2014

Jan 2015

Jan 2016



The Challenge

Non renewable

> 380% - < 20%

Renewable




Modeling the transition
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 EROEI for « Energy Return over Energy Investment » (also
called ERQI) is the ratio of the amount of usable energy
acquired from a particular energy resource to the amount of
energy expended to obtain that energy resource:

Usable Acquired Energy

FEROI =
Energy Expended

* The highest this ratio, the more energy a technology brings
back to society

 Notation: 1:X



Historic Oil and Gas Fields B e e

Wind Energy Nuclear

Photovoltaic Energy

Bitumen from Tar Sands

% Energy Out

Corn-based Ethanol

The Net Energy CIiff

EROl:
B Net Energy for Society [] Energy Used to Procure Energy

Source: EROI of Global Energy Resources - Preliminary Status and Trends - Jessica Lambert, Charles Hall, Steve Balogh, Alex
Poisson, and Ajay Gupta State University of New York, College of Environmental Science and Forestry Report 1 - Revised
Submitted - 2 November 2012 DFID - 59717



Minimum EROI for Conventional Sweet Crude Qil
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SO < ety > H |erarCh>/ Of Activity Minimum EROI Required
"Energetic Needs” pa—ro— —
Arts Health Care 121
Education 9orl0:|
Support Family of Workers 7or8:|
Grow Food 5:
Transportation 3
Refine Qil 1211
Extract Ol RN

Source: EROI of Global Energy Resources - Preliminary Status and Trends - Jessica Lambert, Charles Hall, Steve Balogh, Alex
Poisson, and Ajay Gupta State University of New York, College of Environmental Science and Forestry Report 1 - Revised

Submitted - 2 November 2012 DFID - 59717



Modeling the transition

e A discrete-time model of the deployment of
« renewable energy » production capacities

* Budget of non-renewable energy

vt €{0,...,T—1},B; >0

dr > 0,37 >0, g e R:Vt € {0,...,T — 1},

—(t—tqg)
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Modeling the transition

* Set of renewable energy production technologies:

vned{l,...,N}),Vte{0,..., T —1},R,+ >0

 Characteristics Ape >0

EROEIn,t Z 0

* Deployment strategy

Rpty1 = (14 ant) Ry Qn,t € [—1,00]



Modeling the transition

* Energy costs for growth and long-term replacement
Vned{l,..., N}, Vte{0,...,T —1},
Cn,t (Rn,ta @n,t) Z 0 Mn,t Z 0

* Jotal energy and net energy to society

N
Vt€{0,....,T—1}, By =B+ Y Ry
n=1

N
St = Ly — ( Chnt(BRnt,0mnt) + Mn,t)

n=1



Modeling the transition

« Constraint on the quantity of energy invested for
energy production

vt € {0,...,T — 1},

1
oy : Cpe(Rutyane) + My < O__Et
¢



Modeling the transition

e Further assumptions

e Energy cost for growth is proportional to growth, and
done initially:

An,t
EROEInﬂg

C’n,,t (Rn,ta an,t) —

an,tRn,t if an,t Z 0

e Long-term replacement cost is (i) proportional and (ii)
annualized

1
Mn,t (Rn,t) — FERoEI tRn,t
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Modeling the transition

* Increasing the ERoEIl parameter

eeeeeeeee

) ¢
vt €{0,...,T =1}, ERoEL; = 9+ (12— 9)
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A few suggestions

« What kind of decisions can be suggested by such a
« rough model »?

* Price may not always be a good indicator
e Pay attention to the ERoEI
* Energy efticiency: « do better with less »

 [he energy transition is a global process: how to prioritize
actions”?

« Back to Maslow



Epllogue



During the collapse of the Roman Empire, the quality of the
food (measured from bones) improved (this may be explained
by the fact that the pressure of the Empire on agriculture
decreased with the collapse)

This is an example of « good news » that may come with the
switch from a society model to another...
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P and 1 belleve thls WI|| be the case for the energy
- transition: .

% PRR61via Wikipedia
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