o8

MINES
PcmsTech

Questions énergeétiques et climatiques globales :

des données, aux indicateurs, aux actions

Energetics and Climate Global Issues:

From data to indicators and actions

Arnaud Delebarre, avril 2021

MINES ParisTech

35 rue Saint Honoré 77305 Fontainebleau Cedex (France)
Tel. : +33 (0)1.64.69.49.00 ou +33 (0)6 77 20 89 30

Mail: arnaud.delebarre@mines-paristech.fr

Arnaud Delebarre, 2021 @ @@@




Content ol

MINES
Tech*

Plan

Fundamentals of Energy

Arnaud Delebarre, 2021 2



pog

Energy: Conversion of a ressource by human beings or other means 7 «

Fundamentals of Energy
Energy = To extract ressource from environment and to convert it into work+heat

Example of converter: Human being who being fed, produces W and Heat:

Eaml—f— weo

Examples of conversion more powerful than human beings:

Arnaud Delebarre, 2021

After Jean-Marc Jancovici, 2019



Energy: Man compared to Ol fj*

ParisTech

Energy: comparison of human being with 1 gasoline liter

Human work by legs:

80 kg (man) + 10 kg (rucksack) x 2000 m (elevation) = 0,5 kWh
Every other day, i.e., 100 kWh/year

Accounting for a minimum wage (20 k€/year) : 200 €/ kWh

Human works by arms:

Every other day, i.e., 10 kWh/year
At minimum wage : 2000 €/kWh

Energy developed by 1 unique liter of gasoline:
10 kWh (2 to 4 kWh mechanical), i.e. 10 to 100 times more than legs or arms
1,5 €/liter thus 0.4 €/kWh i.e. 500 to 5000 times less expensive

After Jean-Marc Jancovici, 2019

Arnaud Delebarre, 2021
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Data on Greenhouse Gases (GHG) Climate & Energy

Arnaud Delebarre, 2021
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Sources of Greenhouse Gas (GHG) emissions AT

ParisTech

- Annual worldwide GHG emissions 2019: 60 Gigatonnes CO.eq
— Energy' 19°/o+7°/o+(400/o of 7°/o)+1 0%+5%+14% = 58%
— Food: 20°/o+1 1% = 31 °/o -
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Transports
Arnaud Delebarre, 2021 After Jancovici, 2020 6



Greenhouse Gas (GHG): Emissions vs time /Zf*

ParisTech

 Introduction de nouvelles méthodes de production de I'énergie, de la
mobilité, de la sobriété, de la digitalisation..., mais ¢a continue de croitre
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Arnaud Delebarre, 2021 After Jancovici, 2020 7



24
Temperature and Sea level Increase £ .

ParisTech

Sea level: >1,7 mm/year ; +26 a +98 cm en 2100 after IPCC

Temperature increase is evaluated by so-called "anomaly": +0.08°C/decade since 1880;
+0.182C/decade since 1981; +0.82°C/2011-2020. Thus 2040 +1,52C and 2060 +2°C. In these

cases anomaly is the difference with 1901-2000 average temperature that is 13.92C)
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Arnaud Delebarre, 2021 After Hansen et al. 2017 & CGDD, 2019 and NOAA (NCDC), 2020 8
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Temperature in Mountain and Arctic regions increase faster MINES

ParisTech

- Russia and France have in common a greatest temperature increase
compared to the average of earth because of Mountains or Latitude

* French Alpes compared to earth:
« From 1880 to 2012, mean temperature in French Alpes increased of 2°C
« From 1880 to 2012, mean temperature earth surface increased of 0.85 °C

« Ossoue Glacier (Pyrénées) lost 112 m length and 16 m thickness from 2005 to 2015

Arnaud Delebarre, 2021 After Meteo France, several references 9



pog

MINES
P('u'isTeCh*

Temperature in Mountain and Arctic regions increase faster (Ctd)

- On 3rd March 2021: Federal Service for Hydrometerology and Environmental
Monitoring of Russia (HUY Pocrugpomerta) published :
 +0.512C/decade in Russia compared to average 1961-1990
* +3.222C in Russia in 2020 compared to average 1961-1990
* Remind for whole earth: +0.18°C/decade compared to 1901-2000 avg. temperature

l'on b=0.512°C /10 .nem, D = 55%
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Energy: Total Primary Energy Supply (TES) vs Sources A

ParisTech

1973 and 2018 source shares of TES
1973 2018
Biofusis and Oither® Bicfusls  (Oihes?
0.1% andwaste 2%
Hydro 9.3%
20%__

Nuclear _—
49% »

| 6098 Mtoe | | 14282 Mtoe |

1. Word includes infernmational aviation and infernational marine bunkers.
2. In these graphs, peal and oil shale are aggregated with coal.
3. Includes geothermal, solar, wind, idewaveocean, heal and offver sources.

Arnaud Delebarre, 2021 After IEA, 2020 11



Primary Energy and Useful Energy /;Z/*

Arnaud Delebarre, 2021 After WGI IPCC SPM, 2013 and 17
CGDD 2019



Energy : primary, secondary, final, useful... /Zf*

ParisTech

i

Exiraction
Refinement
R ~93%
Transportation
R~ 90% (%)

Crude oil Fuel oil heat
15 000 kWh
~ 1,1 Toe
5000 kWh
Primary energy Final energy

Useful energy

Arnaud Delebarre, 2021 After Alexandre Stegner, 2017 13
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Energy : primary, secondary, final, useful... £ x

ParisTech

Electricity Heat
Hydro power SR
-___—-—‘_" 10 000 kWh
~ 10 700 kWh 10 000 kWh T
Energy produced Final energy Ty
from renewable SEIUl encrgy

Arnaud Delebarre, 2021 After Alexandre Stegner, 2017 14



Total (Energy) Final Consumption (TFC) vs Sources

1973 and 2018 source shares of TFC

1973

Natural |
Q-E'S
14.0%

‘ 4 660 Mtoe \

2018

Other®

3.5% Coal?
)  10.0%

Biofuels r
and___ o
waste® 40.8%

10.2%

Matral
gas
16.2%

‘ 9 938 Mtoe |

1. World includes intemational awiation and infemational marnne bunkers.
2. In these graphs, peat and oi shale are aggregated with coal.
3. Data for biofuels and waste final consumption have been estmated for a number of countres.

Arnaud Delebarre, 2021

4 Includes heat, solar thermal and geothermal
Source: IEA. World Energy Balances, 2020,

After IEA, 2020
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Electricity: Notion of (national) mix AT

ParisTech

» Electricity generation in Russian Federation in 2019 : Total = 1118.1 TWh
Oil = 6.9 TWh; Gas= 519.5 TWh (46%) Coal 182.2 TWh; Nuclear 209.0 TWh
(18,7%); Hydro 194.4 TWh; Renewables 1.8 TWh (0,16%); Other 4.3 TWh 1118.1

 Electricity generation in China in 2019 : Total = 7503.4 TWh
Oil = 6.0 TWh; Gas= 236.5 TWh; Coal 4853.7 TWh (65%) ; Nuclear 348.7 TWh
(4,7%); Hydro 1269.7 TWh; Renewables 732.3 TWh (9,8%); Other 56.5 TWh

 Electricity generation in France in 2019 : Total = 537.7 TWh
Nuclear 70.6 %; Hydro 11.2%; Renewables 10.3%

 World: non-hydro Renewable 2806 TWh > Nuclear production 2657 TWh in 2019
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Arnaud Delebarre, 2021 After BP, WNISR, and IEA and RTE, 2020 16
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Indicators on Climate, Energy, Mixed/Elaborated

Arnaud Delebarre, 2021
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Indicators for energy : consumption per capita //97*

Annual energy!’ consumption

per capita (France 2014)

Total ~ 27 000 kWh

Electric ~ 7 000 kWh

M final energy

Arnaud Delebarre, 2021 After Alexandre Stegner, 2017 18
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Indicators (ctd) : Energy consumption per capita vs GDP per capita v

Per capita commercial energy consumption and per capita
income ($PPA = $Purchasing power parity) 2010

Per capita energy consumption function of GDP/cap
Ener/cap World Bank data
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Indicator of CO2 emissions : CO2 per capita vs time and region £ x

ParisTech

CO, emissions, standard of living and demography
« 2016: 4,8 t CO2/capita, namely -0.8% / 2015. Emissions +0,3 % population growth +1,2 %

- =8 ALNLE < A0y b= A0 ade LT ; =40

i1 5N 5 B -2016

Amérigue du Nord 16,0 13,0 12,6 -2.8 - 21
dont Canada 20,0 19,1 18.6 - 2.2 - 6,6
| Etats-Unis R 189 | 159 | 155 - 27 -21,9
Ameérigue centrale et du Sud 1,8 2.6 25 -29 + 408
'dont Brasil 1,4 2.4 2.2 - 6,8 + 54,3
[Europe et ex-URSS 10,7 74 74 -04 -31.3
dont Russie 16,0 11,8 11,5 -23 - 28,2
UEaZ28 9.1 6,7 6.7 - 0.1 - 259
Alleragne 12,6 9.4 9.4 + 0.5 - 254
Espagne 58 5,6 5.4 =32 - 6,7
France 6,4 4,9 50 +1,7 -23,0
[talie 7.5 58 59 + 1.0 -20.8
Rovaume-LUni 10,1 6.0 5.6 - 7.1 - 442
______Pologne 94 | 76 | 78 27 ~17,0
Afrique sub-saharienne 0,8 0,7 0,7 -21 -18,9
Moyen-Orient et
Afrique du Nord _ 34 56 57 +0,6 + 678
dont Arable saoudite 10,3 16,2 16,0 -1,3 + 55,8
Asie 1,8 4,2 4.2 +01 +137,2
dont Chine 2.0 7.6 7,6 - 0.8 + 2726
Corée du Sud 6,3 11,8 11,8 + 0,0 + 88,5
Inde 0.8 1.8 1,9 + 3.5 + 154,0
|____Japon 9,4 99 | 98 - 1.1 + 4,1
|Océanie 11,7 12,2 11,9 -24 +1,7
Pays de I'annexe | 12,4 9.9 9.7 -1,6 -21,6
Pays hors de I'annexe | 1,7 35 35 -0,1 + 1080

Monde

&
$

Arnaud Delebarre, 2021 After Commissariat DD 2019, World Bank, 2017 2°
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Indicator of CO2: Kaya relationship /;*
CO2 = [CO2/TPES] * [TPES/GDP] * [GDP/People] * [People]

Total World, kWh primary NRJ per constant 2017 $ GDP
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Arnaud Delebarre, 2021 After Jancovici and OWID, 2019
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Indicator of GHG emissions: Inventory and Footprint //QZ/ x

ParisTech

Green House Gases (GHG) emissions: national inventory and
footprint accounting for imports, inventory per capita, France

EVOLUTION DE LEMPREINTE CARBONE

En Mt CO, &g En t CO, eég/habitant
11,8
11,5 : 11,5
: : 12 - 12.0
800 105 & ® ® 1:’ @
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4004 e
S0 I 5 b L 4|U
200 - 412 410 412 | -
' =i 323 324 | a2
100 - |
i T T T T T D.,r_-l

1995 2000 2005 2010 2015(g) 2018{g)

B Emissions asscciges aux importations (hors importations r-exportées) en millions de tonnes de COuwéq
Emissions intérisuras (ménages et activités économiques intérisures hors exportations) en millions
e tonnes de CO, 80

@ Emissions moyennas annuealles par habitant en tonnes de COwé6q

Arnaud Delebarre, 2021 After Commissariat DD, 2020



Indicator of CO2 emissions: Inventory and Footprint /Zf*

ParisTech

National inventory and footprint accounting for imports in CO,
emissions per capita in 2011 in Europe

« Russia and France: same carbon footprint (7,5 tCO,/capita) with different
territory emissions (5 tCO,/capita in France vs 12 tCO./capita in Russia)
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Sources : AlE et OCDE, 2015. Traitement : SOeS, 2015.

Af i iat DD, 201
Arnaud Delebarre, 2021 ter Commissariat DD, 2015
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Actions on Climate, Energy, Companies/Individuals

Arnaud Delebarre, 2021
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Individual footprint: if individual CO, quota were existing %% .

« Imagine if there were an annual allocation of CO, emission for each. E.g. 20 billion tonnes
of CO, eq for 7 billion people, that's 3 per person, for 9 billion, roughly 2:

15 000 km en avion (un A/R Paris Chicago) OR

6000 a 8000 km in a car in a urban zone ; 2 times minus if it is a 4 x 4 wheels OR
7 000 kWh natural gas heating (few months) OR

500 kg manufactured products...

Transports Alimentation
» Avion {w}yageurﬂ] 13{)—250 SiBges, * Bepas - classigue (avec boeuf)
trajet de 0-1 000 km 4,52 kg CO_2g/repas
203 g CO Eq.l"pas&ager.km
» Repas - classigue (avec poulet) :
= Yorture particuliere - puissance fiscale 1,11 kg CO eca‘repa
moyenne, motonsation essence :
268 g CO eq/km » Hepas - venétanen :
0.45 kg CO_&g/repas
« TGV, Train Grande Vitesse (France) : 2
3.69 g CO_eg/passagerkm
» Metro (Paris
5,70gCO, gqumsager.}un
Electronigue Communication
» Ordinateur fixe - avec ecran plat ; . 1 majf av Iece jointe :
1 280 kg CO_eg/appareil eqﬁmrte
» Ordinateur portable - de 14,1 pouces ; * 1 requéte internet ;
202 kg CO_ég/appareil 6,65 g CO_eq/unite
« Smartphone ; 1 mail :
30 kg GO eg/appareil 4 g CO_£q/unite
s 1 tweet ;
0,02 g CO_eq/unité

After CGDD, 2019 25

Arnaud Delebarre, 2021



Individual footprint: Example of a French Individual

* htips://ecolab.ademe.fr/apps/climat

Empreinte carbone des Francais

12 092 kg/an

Kg eq CO2/an
3 000 Train et bus
2 500
2 000
1500
1 000
Achat et usages
500 chnolog
1180
0
Transport Logement Bien conso

sources : .statistiques.developpement-durable.gouv.fr ; Carbone 4 ; Agreste; INSEE;

Alimentation Services

Année 2015-2016 __ Traitement : ravijen.fr

Arnaud Delebarre, 2021

After CGDD, 2019
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24
Individual and collective contribution to emission reduction //@/ N

Parislech

- Emissions by individual and by activities in France: 10.8 tonnes CO,eqg/capita vs target 2050 of 2 tCO.,eq

En Mt CO, éq
712 Mt CO, éq

Emissions associées
aux importations

_______ Emissions associées
aux exportations

Emissions de la production intérieure Emissions de la production intérieure
(hors exportations) = gy (hors exportations)

Emissions directes des ménages Emissions directes des ménages
(voitures et chauffage) ‘_ (voitures et chauffage)

Inventaire national

enne d'un Francais

Housing Private Services Food Public Services

Niveau
Accord
de Paris

Arnaud Delebarre, 2021 After Carbone 4, 2019 o7



Individual and Collective contributions (ctd)
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» To each his share of effort: -10% individual way of life ; -10% home renovation ;

companies and organizations

12.4a

WO /persion

6.0

Arnaud Delebarre, 2021

-60%

Leviers de réduction de I'empreinte carbone moyenne

Engagement personnel i réaliste » des individus*®

Achefer d'occasion ef recondifionneg

Consammer lccal
Trojefs cowts en veio
10.8 Coveifuroge

Baisse :
-10%

Moins d'avicn
Regirme fexitarien
Baoisse :
-10% )

Renovafion themigue
Changement chaudiére

Almenfation

B rvobiits

. Biens ef services
B Logement

[ services Dubdics

Decarbanation indusiic
Decarbonation agricultire
DEcarbonation fref de
marchandises
Decarbonation services
pubdics

Décarbonation chalew, goz.

/ Slactricife

Actual Changemenis Imvestissements Transformodion Cibyjectif
“realisfes” “realistes” sysfemique Accord de Paris
des comporfemenits des individus
individuels
Part de 'effor ;| 1/4 i 3/4 i
Individus Collectif
After Carbone 4, 2019 28
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Conclusion
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Conclusion: Carbon budget 2 .

ParisTech

« https://openclimatedata.net/climate-spirals/from-emissions-to-global-warming-line-chart/

« End of 2019, cumulated CO, emissions = 2 400 Gt, hence 1.5 2C [emissions during 1850-
2019: 1 649 Gt from fossil fuels + 751 Gt CO, change of land use (after CITEPA, 2020)]

Cumulative total anthropogenic CO» emissions from 1870 (GtCOs)
1000 2000 3000 4000 5000 6000 7000 8000

5 T I T I I [ I I
2100
;(3‘- -
= . i
8 i " Budget carbone correspondant a une limite & 2 °C de la hausse moyenne des températures
% En %
=2 | Budget Emissions
= carbone de CO,
2 5L restant cumulées
? a partir de 2017 entre 1870
E i —\\N et 2016
2
=
[ L
£ 2
(=]
c
] =
2
=
o 1L .
o]
& m— RCP2E == Historical
g = RCP45 m== RCP range Ji
= ; = RCPEO —— 1% yr! CO,
| —_ RCPB8.5 1% yr' CO_range
0% -
-' i 1 | 1
0 500 1000 1500 2000 2500

Cumulative total anthropogenic CO; emissions from 1870 (GtC)
Arnaud Delebarre, 2021 After WGI IPCC Summary for Policymakers, 2013 and CGDD 2019 39



Conclusion: Two types of economical impacts
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» To be impacted by decisions of changes of climate

policies OR by changes due to climate change ?

business-as-usual quelques attenuations  fortes atténuations

les emissions continuent les-érmissions augmenient les eémissions se stabifizent & 1a
daugmenter 4 ks vitesse aciusle jusguen 2080 e aiminent moiia dunveau actuel en 2080

RCP 8.5" RCP 6.0

aBsez
probable de
dépasser
+2°0

le monde économique impacté
par le changement climatique

plus dr aleur,
ents des
conditions pluviomeétriques
et des zystémes de

Tres fortes
atténuations
amigions divisbes

par2 en 2050 -

RCP 2.6

probable de
ne: pas
dépasser
+3°C

monde économique impacté
par les politiques climatiques

pourrait exiger des "émissions
Hrea' | faire disnarm s

pourrait exiger des "emigsions
négatives” - faire disparaitre
du CO, delair- avant 2100

Arnaud Delebarre, 2021

‘ H‘ | concentrations de CO, trois
: |

glace arcfique eshvale
quasiment dispamnie

Ie niveau de la mer monte de
un demi-méfre & un métre

océans plus acides

impacts climafiques
imités mais pas

rizques réduits de "points de
non-retour” et de
changement iméversible

31



