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About 1 million years ago:
Fire domestication : heating, cooking, better health

Chenspec via Wikipedia



http://en.wikipedia.org/wiki/Outdoor_cooking#mediaviewer/File:Bonfire_11.jpg
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http://en.wikipedia.org/wiki/History_of_agriculture#mediaviewer/File:Maler_der_Grabkammer_des_Sennudem_001.jpg
http://fr.wikipedia.org/wiki/Agriculture_de_la_Rome_antique#mediaviewer/File:Byzantinischer_Mosaizist_des_5._Jahrhunderts_002.jpg

Fiesco via Wikipedia


http://fr.wikipedia.org/wiki/Colis%C3%A9e#mediaviewer/File:Colosseum_in_Rome-April_2007-1-_copie_2B.jpg

The Roman Empire in 117 AD
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Andrei Nacu via Wikipedia


http://commons.wikimedia.org/wiki/File:RomanEmpire_117.svg

During the Middle Ages, mills are de
1 mill corresponds to (about) 40 m |nt
- European GDP)*2 between 1000 3” -
- « Only » 30% in AS|a during the sar 4
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A famous example: i e Dutch Gold‘en Age ({.
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.. Hendrick Cornelis Vroom via Wikipedia


http://fr.wikipedia.org/wiki/Si%C3%A8cle_d%27or_n%C3%A9erlandais#mediaviewer/File:Hendrick_Cornelis_Vroom_Het_uitzeilen_van_een_aantal_Oost-Indi%C3%ABvaarders_(1600).jpg
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« Een Wonder en is gheen wonder »
Simon Stevin
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https://en.wikipedia.org/wiki/Simon_Stevin#/media/File:Simon_Stevins_zeilwagen_voor_Prins_Maurits_1649.jpg

Betore using:coal, 25 cubic meter 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



http://fr.wikipedia.org/wiki/Charbonni%C3%A8re#mediaviewer/File:Charbonni%C3%A8re.jpg
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http://fr.wikipedia.org/wiki/Charbonnage#mediaviewer/File:Vendin-l%C3%A8s-B%C3%A9thune_-_Fosse_n%C2%B0_1_-_1_bis_des_Charbonnages_de_Vendin-lez-B%C3%A9thune_(A).jpg
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http://fr.wikipedia.org/wiki/Citro%C3%ABn_DS#mediaviewer/File:12-01-03-autostadtl-by-RalfR-41.jpg
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In Europe, almost
« The Gloriou

growth per year during 30 years
es Trente Glorieuses »

> 1973 € "

-> | [ ¥ of public debt and mass
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Eric Kounce via Wikipedia


http://en.wikipedia.org/wiki/Oil_well#mediaviewer/File:West_Texas_Pumpjack.JPG

Trajectories of Societies
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Johanna Pung via Wikipedia



http://commons.wikimedia.org/wiki/File:Evolution-des-wissens.jpg

The Challenge



The Challenge

Non renewable

> 80% - < 20%

Renewable




The Challenge

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

y =) 3$<€
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Variation of the world oil consumption (red) and GDP per inhabitant (blue) - Data from the the
World Bank for GDP and BP stat for energy

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



Modeling the
transition?



EROE|

* EROEI for « Energy Return over Energy Investment » (also
called EROQI) 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 Enerqgy

EROI =
Energy Expended

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

e Notation : 1:X



Historic Oil and Gas Fields B e (Ee

Wind Energy Nuclear

Photovoltaic Energy

Bitumen from Tar Sands

% Energy Out

Corn-based Ethanol

The Net Energy CIiff

EROI:
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



Modeling the transition

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

* Budget of non-renewable energy

vte{0,..., T—1},B; >0

r >0, =

T >0, =

to e R:Vte{0,...,T — 1},

—(t—1tq)
1 e~ T

—(t—t 2
7’(1_'_6 (To)>

Bt:




Modeling the transition

e Set of renewable energy production technologies:

vne{l,..., N},vte{0,...., T —1},R,+ >0

 Characteristics Ape >0

EROEInyt Z 0

* Deployment strategy

Rn,t—l—l — (1 = an,t)Rn,t Xy ¢ - [ 17 OO[



Modeling the transition

* Energy costs for growth and long-term replacement

vnedl,..., NL,WVte{0,...,T — 1},
Cn,t (Rn,t7 an,t) > 0 Mn,t Z 0

* Jotal energy and net energy to society

N
Vt€{0,....,T —1},E, =B, + Y  Ruy
n=1

N
St = By — (Z Chit(BRpt,0me) + Mn,t)

n=1



Modeling the transition

e Constraint on the quantity of energy invested for
energy production

vte{0,...,T — 1},

_ 1
oy : Crt(Rptyany) + My < O__Et
t




Modeling the transition

e Further assumptions

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

Ay, .
Cn,t (Rn,ta O, t) EROEtI ) O‘n,tRn,t 1f an,t Z 0

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

1
M. (Bn.) = ERoE] tR 5t
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Modeling the transition

* |ncreasing the EROEI parameter

Energy to society

—————————————————

t
vt €{0,....T — 1}, ERoEL s =9+ (12~ 9)



A few suggestions

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

* Price may not always be a good indicator
 Energy efficiency: « do better with less »

-> Lots of decision making under uncertainty problems to solve
here

e For people interested in Smart Grids: below is link toward a
simulator for Active Network Management (ANM) developed by my
colleagues at the University of Liege:

http://www.montefiore.ulg.ac.be/~anm/



http://www.montefiore.ulg.ac.be/~anm/

Cpllogue



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

This i1s an example of « good news » that may come with the
switch from a society model to another...

ghn and 1 believe this will be the ¢ case for the > energy
2 transition: - -
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http://commons.wikimedia.org/wiki/File:Timgad_Trajan.jpg
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