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« Il est important de réaliser que dans la
physique d'aujourd'hui, nous n'avons
aucune connaissance de ce qu'est I'énergie.
Nous n'avons pas de représentation
comme quoi |'énergie viendrait en petits
paquets d'une certaine quantité. Ce n'est
pas ainsi. Cependant des formules
permettent de calculer une certaine
guantité numeérique (...). C'est une chose
abstraite en cela qu'elle ne nous donne pas
le mécanisme ou les raisons des diverses
formules. »




< U'énergie (fossile) est ce qui a permis le développement économique actuel
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Annual global greenhouse gas emissions
in gigatonnes of carbon dioxide-equivalents

150 Gt

Gt eq CO,

No climate policies
41-48°C

—»expected emissions in a baseline scenario

if countries had not implemented climate
reduction policies.

100 Gt

Current policies
,,,,,,,,,,,,,,,,,,,,,,,,,,,, ' 28-3.2°C

- emissions with current climate policies in
place result in warming of 2.8 to 3.2°C by 2100.
Greenhouse gas emissions
up to the present

Pledges & targets
25-28°C

—“emissions if all countries delivered on reduction
pledges result in warming of 2.5 to 2.8°C by 2100.

=== 2°C pathways
1.5°C pathways
1990 2000 2010 2020 2030 2040 2050 2060 2070

2080 2090 2100
Data source: Climate Action Tracker (based on national policies and pledges as of December 2019).
OurWorldinData.org - Research and data to make progress against the world’s largest problems.

Licensed under CC-BY by the authors Hannzh Ritchie & Max Roser.
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Source: Robbie Andrews (2019); based on Global Carbon Project & IPPC SR15
Note: Carbon budgets are based on a >66% chance of staying below 2°C from the IPCC's SR15 Report.
OurWorldInData.org/co2-and-other-greenhouse-gas-emissions « CC BY



Global Fossil CO, Emissions 2010-19

38 Gt - +0.9%/yr
CO,
Projection 2020
34 | 34.1 Gt CO,
2000—09 V¥ 6.7%
+3.0%/yr
30 -
1990-99
26 1 +0.9%/yr

22 -

18

1990 1995 2000 2005 2010 2015 2020

projected

_ . The 2020 projection is based on preliminary data and modelling, and is the median of the four studies.
Source: www.carbonbrief.org, Octobre 2020 Source: CDIAC; Friedlingstein et al 2020; Global Carbon Budget 2020



http://www.carbonbrief.org/
https://energy.appstate.edu/research/work-areas/cdiac-appstate
https://doi.org/10.5194/essd-12-3269-2020
http://www.globalcarbonproject.org/carbonbudget/
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Energie primaire
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<> Les 2 lois du déploiement
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<> Mise a jour avec données 2019
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<> Beaucoup de pays semblent connaitre des baisses de régimes

Installed power (W)
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<> Ambition d’une éléctricité décarbonnée en 2035
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Electricité

400

- TWh
550
Renewables 300

250

Combined cycle gas turbine

200

150

1780 85 0 @5 2000 05 10 15 18

Sources: Aurora Energy Research; BEIS
O FT



CO2 emissions
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Intensité carbone de I'électricité, par source d'énergie et par
technologie, sur le cycle de vie

Contenu moyen en CO2 de |'électricité en France en 2016- 73 g/kWh
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Energie ef fectivement apportée a la societeé

TRE=

Energie investie pour obtenir cette energie

<> Le TRE définit 'labondance énergétique

< Différents TRE selon le champ couvert

EROIy,
EROI,,
EROI;
Direct Indirect
Energy Energy
Inputs Inputs

Rest of the
Economy

Energy

. Processing . Distribution

»

Carrier

Energy ’ Extraction /
Resources Capture

J. G. Lambert et al, EROI of global energy ressources (2013)



Society’s Hierarchy of . 100
“Energetic Needs” /- 14:1 90

80 ERoEISto 7 = Q

70 minimum requirement
60 for society to function

50
40

@@ The Net Energy Cliff

20 Energy Matters
10 euanmearns.com

Health Care

Net energy as % of total energy

49 45 41 37 33 29 25 21 17 13 9 5 1
ERoOEI

C. Hall, PPPL Colloquium, 2018
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Technologies EROIL; EROI,; Literature Reference Literature Range
This Work Range Meta-Analysis and Individual Studies
10-105 Dale [108]; n =16
Large hydro 284 11.2-267 Schoenberg and Hall [108]; n=7
5.9-49.6 (24.7) Kis et al. [74] (min-max)(base)
12.5-66.7 Carbajales-Dale ;[,35‘:]]‘]{21;}&; power rating
Wind onshore 13.2 47-125.8 Kubiszewski et al. [20];n > 40
8.9 Dupontet al. [94]
8.1-34.5 (12.6) Kis et al. [74] (min-max)(base)
54-66.7 Carbajales-Dale [34]; n = 37
Wind offshore 8.7 14.8-51.3 Kubiszewskiet al,, [20];n >4
12 Dupont et al. [94]
6.9-19.1 (13.5) Kis et al. [74] (min-max)(base)
8.7-34.2 Bhandari et al,, [14];n =23
Solar PV 78 7.2 Dupont et al. [94] (present)
27-7.5(48) Kis et al. [74] (min-max)(base)
52-6.7 Dupont et al. [94] (present)
CSP 26 5.4-17.9 (9.8) Kis et al. [74] (min-max)(base)
0.6-67.6 de Castro and Capellan-Pérez [25]n =13

C. De Castro, I. Capellan Perez, Energies (2020)



<> Cumulative Energy Demand (CED): combien d’énergie est necessaire pour déployer et opérer

une technologie - CE<D [kWhe/Wp] 5 10
200 _—— ‘
1 Gross Output
i Breakeven
TR threshold
S 2 =
0 © >
o X,
TTR e
% time ®© 20
a (decades £
- 2 =
L E 9
z g 0]
Important de considérer I’énergie nette
et de minimiser la phase de déficit EePBT [yrs] assuming 11.5% capacity factor
M. Carbajales-Dale, GCEP workshop on Net Energy Analysis (2!
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<> Puissance produite (consommeée) par unité de surface horizontale requise pour

I’infrastructure de production (consommation)
AirBus A380
V. Smil, « Power density: key to understanding Energy sources and uses », 2016 S, 557
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https://www.inverse.com/article/58486-future-wind-turbines-will-be-bigger-more-powerful-and-probably-cheaper
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Number of people living in urban and rural areas, World

4 billion Urban population

3.5 billion ,
Rural population
3 billion
2.5 billion
2 billion
1.5 billion
1 billion

500 million

0
1960 1970 1980 1990 2000 2010 2017

Source: UN World Urbanization Prospects (2018) OurWorldIinData.org/urbanization « CC BY
Note: Urban populations are defined based on the definition of urban areas by national statistical offices.
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"It is wholly a confusion of ideas to suppose
that the economical use of fuel is equivalent
to a diminished consumption. The very
contrary is the truth."

William Stanley Jevon
The Coal Question; An Inquiry Concerning the Progress of

the Nation, and the Probable Exhaustion of Our Coal
Mines, 1865
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<> Des moteurs de plus en plus performants...

Diesel Engine Performance Trend

100 4

<> Mais des voitures de plus en plus
lourdes...

Poids moyen véhicule particulier France (kg)

3.stage application:
P =94 kWi

(BMW 3.01 TriTurbo) \
P=78kWIN

Specific power output
[KWIL)

(BMW 2.01 BiTurbo)

DI Diesel charging
iesel
TC- VGT DAg
Intercooler
. 4-Valve
DI Diesel
TC - VGT

Intercooler
IDI Diesel
TC Waste gate

P =67 kwi
(BMW 2,01 Turbo)

charging

High-end market
2- and 3-Stage trendline
(90-100 kW/1)

Three-Stage 2-Stage with electrical boost:
_— P=100kWI/ (est)
- (VW 2.0l BiTurbowith EPC)
- -

2-Stage application:
P =88 kWi
*/ (VW 2.0 BiTurbo)

Premium market
* 1-Stage VGT trendline
(70-75 kWI1)

Core FGT & VGT
market trendline
(55-60 KW/1)

1-Stage application:
P=71kWIL

DI Di / (Mercedes 2.0l Turbo)
1400 NA e First 2-Stage application — 2004
P = 66kW/I
1200 20 & :l?;;rx:meselm-mas
Firstturbo diesel IDI — 1978 First DI Common Rail VG T 4-valve - 1997
1000 1 P=27kwi P =41kW/ Highest specific power engines
in series production as of Apr-2016
. i - ; : * : . 4 >

800 1970 380 290 2000 201( 2015 Model Year
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200 F.C. Pesce et al, 25th Aachen Colloquium Automobileand

. Engine technology, 2016
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Km-passagers

/ Available seat kilometers (ASK)

1960-2015

@ million

. Revenue passenger kilometers (RPK)
8 million

consommation p.km

® 7 million CO, emissions per revenue
— 1 1 passenger kilometer (kgCO, per RPK)
. A million 3kg
5 million 25ke
passagers-kilometres v 2kg

Aviation efficiency (kgCO_ per RPK)
1.5Kg increased around twenty-fold since 1950;
and eleven-fold since 1940.

795x 1

2 million lke
1 million 0.5ke
In2018,0.125 kg CO, was emitted
0 per revenue passenger kilometer.
1950 1960 1970 1980 1990 2000 2010 2020
world's largest problems.
viation to anthropogenic climate fi t 1sen and Schumann (2000) & [EA.
1 based on global aircraft traffic data from the International Civil Aviat Jrganization (ICAO) via airlines.org. Licensed under CC-BY by the author Hannah Ritchie.



50% des émissions de CO2 de lI'industrie sont émise pour la production de l’acier, du ciment
et de 'aluminum 4. =,

Allwood et al, 201@ ’ 5.
R

Integrated route
2018 based on coal

World steel @® Electric arc furnace
production route

@® Openhearthroute

Million tonnes ® Other

1.6tCO,/t 1!

Source: World Steel Association (World Steel in Figures 2018)
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—Figure 1. Happiness and GDP per capita average (2013-2015)
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Note: The World Happiness Index is 3 subjective measure with values ranging from O (“completely
dissatisfied") to 10 ("completely satisfied"),

Source: Author's own compilation based on data from the World Happiness Report 2016. Online at: http://
worldhappiness_report/fed/2016/4 World Bank, World Development Indicators. Online at: http:fdata.worldbank.
orgfproducts/wdi.
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Global oil demand, exajoules
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2. Earlier BP outlooks (blue lines) had

seen demand continuing to go up. —
\\-—

3.But BP’s latest outlook
says oil use has peaked...

1. Global oil demand has
doubled in the last 50 years.

...and demand could plummet
with stronger climate action.
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Food losses and food waste (share of total supply)
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Note: Consumer waste is the share of total edible food supply discarded at household
level. Production losses are a combination of losses from harvest, storage, handling,
transportation, processing, distribution and spoilage at retail level. Production losses
account for 25% of global food supply, while consumer waste is around 10%.
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Source: Gustavsson etal (2011), FAO Shrink That Footprint

Annual food waste by region (kg/person)
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Mote: Figures are consumer waste per capita based on data from 2007 in the FAO report
'Global Food Losses and Food Waste'. Globally consumer food waste amounts to roughly
350 Mt each year which equates to about 50 kg per person or 10% of total food supply.

Source: Gustavsson etal (2011), FAO ““ﬁﬁﬁlmat

http://shrinkthatfootprint.com/the-big-footprint-of-food-waste
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