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Energy in the Versailles Treaty

SECTION IV. — Bassin de Ia Sarre.

ART, 45. — En compensation de la destruction des mines de
charbon dans le nord de la France, et & valoir sur le niontant
de la réparation des dommages de guerre dus par I’Alleinagne
cclle—f:i céde 4 la France la propriété entidre et absolue, francht;
et (_lml;lte de loutes dettes ou charges, avee droit exclusif d’ex-
letalmn, des mines de charbon situées dans Ie bassin de 1
Sarre, délimité comnie il est dit 4 'articte 48. ‘

LE TRAITE DE VERSAILLES — 28 JUIN 1919

LA PAIX AVEC I’ALLEMAGNE EST SIGNEE

g cctte st Galonke des Glaces o, 2 18 jonior 1871, Guilewie ¥ @ictaniany s dad! prockand arpenas,
FABamogme de Guilome I valnor a pasple sy saisstoioe ovr gl useesala de s fiober of dy Dol

THE ECONOMIC
CONSEQUENCES OF
THE PEACE

JOHN MAYNARD KEYNES, C.B
FELLOW OF KING'S COLLBGE, CAMRRIDOS

i)

HARCOURT, BRACE AND HOWY

920
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Energy is the fundament of the construction of the EU

aarch Promotion coal and steel.

®* phasing-in actions under the ECSC

Treaty of Nice.

ESCP
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Messina Conference 1 & 2 June 1955

gernements

g GOV v
e de Belqlque'

dr A1 lemaque '

Xcmb{)\qu <

u no
fral’lchl‘: 3 11s gont ©

"There will be no future for the European

Community without
cheap and abundant energy"”
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Accueil

Frans Timmermans: « Le nucléaire est “zéro émission”,

mais il n’est pas vert pour autant »

Entretien Numéro deux de la Commission européenne dont il est Q. N '
le « monsieur environnement », le Néerlandais Frans 200 5_2 6
Timmermans appelle la France et les autres Etats membres a une QU'AVQ
attitude rationnelle sur leurs choix énergétiques en vue des REEL E

objectifs climatiques. Sceptique sur le nucléaire, il invite les
Vingt-Sept a faire la part belle aux énergies renouvelables.
Recueilli par Céline Schoen pour La Croix (France), Ruurd Ubels du Nederlands Dagblad

(Pays-Bas) et Giovanni Maria Del Re d’Avvenire (ltalie), le 22/12/2021 2 05:58 Modifié le 22/12/2021 &
12:07

Z Lecture en 5 min.
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Now that's
better




Energy in Lisbon Treaty: Article 194

In the context of the establishment and functioning of the internal

market and with regard for the need to preserve and improve

the environment, Union policy on energy shall aim, in o

between Member States, to:

(a) ensure the functioning of the ;
(b) ensure in the Unior

(c) promote and energ

elopment of new and

interconnection

ESCP

EUROPE



Energy in Lisbon Treaty: Article 194.2

®* Without prejudice to the application of other provisions of the Treaties, the European Parliament
and the Council, acting in accordance with the ordinary legislative procedure, shall establish the
measures necessary to achieve the objectives in paragraph 1. Such measures shall be adopted

after consultation of the Economic and Social Committee and the Committee of the Regions.

® Such measures
ditions for

ources, its choice

erent ener sources and the

eneral structure of its ener

ESCP | ¢

EUROPE



Energy in Lisbon Treaty: Article 194.3

By way of derogation from paragraph 2,

the Council, acting in accordance with a




* Noillusions... the EU will not become independent!

* So0S is not the dream to reduce this dependence but to
Improve its management.

To avoid any disruption, it is necessary to:

ESCP |

EUROPE




2000
Security of energy supply

ESCP X
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grants
€228 billion

SAMUEL FURFARI ESCP

EUROPE
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What is energy?

Work = energy
=JF.du

F (Newton
ESCP

EUROPE



el 150 h/m X 100 W =

= 1,6 | gasoline

15000 W :
=

—
S
- -



Motors
10%

R

SAMUELFURFARI  ESCP ' ¢
AFRIQUE SUBSAHARIENNE, INTERNATIONAL JOURNAL OF ADVANCED STUDIES AND RESEARCH IN AFRICA, U{,
https://agritrop.cirad.fr/577133/1 /Side%20Havard%20int%20J.%20Advance%20Studies%2020 1 5%20mecanisation%20agricole.pdf - ESCP EUROPE N
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~ LURGENCE
D’EECTRIAER AFRIQUE

Pour un vrai développement durable

V
i Hﬁnna llan




Life expectancy at birth (years)

55

0,4
50

0,3
0 100 200 300 400 500 0 100 200 300 400 500
Energy per capita (GJ/inh)

Energy per capita (GJ)/inh

SAMUEL FURFARI
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Primary energy and final energy

Primary energy Lost Final energy

But some primary 5 al energies (2/3 of natural gas for heating, firewood)

Technolog

ESCP |~

EUROPE




Primary
energy

EUROPE



Final energy use
3 final services and 5 sectors

Agriculture and fis

Source: Eurostat , © Samuel Furfari EUROPE

ESCP
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Some measurement units in The others "unil's" of energy
energy policy

Type "Unit"

Joule (J) = EJ (10'8)

Tonne oil equivalent (toe) =
41.8 GJ

1 barrel = 159 litres

1 toe =1165Ilitres=7.33b
1 Mtoe/day = 20 000 b/d

1 bem (G.m3) = 0.9 Mtoe =
1.73 Mt of LNG

= 6.29 Mb

1 tonne of coal equivalent
(tce) contains 23.3 GJ or 0.55
toe

1 tonne of lignite is equivalent
to 1/3 of toe

1 mega watthour (MWh) =

1 000 kWh = 10° Wh = 3.6

GJ
SAMUELE FURFARI ESCP

EUROPE
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—=Crises
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Hydro Renewable
7% (new)...

Nuclear

7% “

ZZS;/” 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

F1Pétrole = Gaz N.  Charbon ™ Nuclédire ®Hydro = ReESCP

EUROPE
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Energy consumption per capita = f (world GDP)

Qil shock
(1979-1983)

Subprime crisis
(2008-2010)

Asia crisis (1991-
1994)

Oll shock
(1973-1975)

60 80
World GDP : $ thousand million

ESCP
EUROPE
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EN. America mS. & Cent. America [l Europe o CIS ® Middle East B Africa B Asia Pacific

Data : BP 2020 ESCP _‘;.{_,/"
SAMUEL FURFARI EUROPE .;f"i.,,



Intermittent

, 11% hydro & ﬁ%
W Ly wood NS

:
NN

/12%

s

B

S

~3

> 1,000 billion since
2000

> 3,800 billion since
2000

Data: Eurostat, 2021 for 2019 Data: BP, 2022 by 2021

SAMUEL FURFARI EJSR'EPE A
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O | O | |
OECD= -33%

UN Data UN Data Data Consumption = EJ per capita x
population
Africa = 50% OECD

2021 : BP
Asia= 75% OECD ESCP

2050 Scenario




energy consumptic
OECD countries increased

10%
by 87 EJ and in OECD .

countries b)’ 3 EJ. Conventional New

Qil m Gas mCoal ®mNuclear mHydro ™ Renewables

N/
Data : Energy Institute (BP) EJSR‘E,E A\
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Evolution of the global energy consumption and the energy intensity

40
1960 1970 1980 1990 2000 2010 2020 2030

«===\Norld energy consumption = ——Energy intensity

(2022 BP data) SAMUEL FURFARI EEUSRC'CPE ><
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The renewable fuel mix reality in the EU

B Heat pumps

B Geothermal

[0 Biofuels & waste

W Tide, Wave and

Ocean

Solar thermal

[ Solar photovoltaic

@ Wind

Solar photovoltaic Solar thermal

Hydro

m Tide, Wave and Ocean E Biofuels & waste

2010 2015

B Geothermal B Heat pumps

EUROPE

ESCP X
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Intermittent and variable electricity generation or MW are not MWh

45
40
35
30
25
% 20
15
10

5
o

—12- 13 Jul — 12 - 13 Dec

A A

120000 120600 121200 | 21 E ]-I:II:I.III 1 En.III 131300 131B00

)
5

N\

a

11h15 ""

- " 15h4s —*

—_—1-2Mar —1-2%p —21-22Dec

M

= _—_

1000 10600 11200 LIE.EH} 02 0000 02 0200 02 12.00| 02 18.00 03 0000

22h45 without generation

—

Average on 5 years
Load factorinthe EU 23 % 11 %

S. Furfari, and A. Clerici, “Green hydrogen: the crucial performance
of electrolysers fed by variable and intermittent renewable
electricity,” Eur. Phys. J. Plus (2021) 136:509, Mai 2021

ESCP 5(
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10% 20% 30% 40% 50%

Domestic electricity prices for 100 kwWh (euros) according to the percentage of renewable energy
(solar and wind). Eurostat 2020 data

EUROPE
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Regular Article | Published: 02 November 2021

Is the European green deal achievable?

I1|I1II]II1I|1II1|‘L1II]II1I|

Samuel Furfari & Ernest Mund

The European Physical Journal Plus 136, Article number: 1101 (2021) |

108 Accesses | 5 Altmetric | Metrics

4
-
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1990 2000 2010 2020 2030 2040 2050
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OPINION | €O f~ﬂ MEMNTARY

If You Want ‘Renewable Energy,” Get Ready to Dig

Garzweiler lignite
mine 2 May 2016
(© Samuel Furfari)

By Mark P. Mills
Aug.5, 2019 6:48 pm ET




Electric vehicles -
Photovoltaic solar panels
Wind turbines (rotors)
Electrolysers

Composite
materials

Special
materials

Strategic errgy: high depeme®nce on critical materials for: _
g L
° att
i

Concrete

ESCP

SAMUEL FURFARI EUROPE



COM(2023) 160 - Proposal for a regulation of the European
Parliament and of the Council establishing a framework for
ensuring a secure and sustainable supply of critical raw
materials

omisioén espaiio

Materias primas fundamentales: garantizar unas cadenas
de suministro seguras y sostenibles para el futuro
ecoldégico y digital de la UE

ESCP |
SAMUEL FURFARI ~ EUROPE 8


https://single-market-economy.ec.europa.eu/publications/european-critical-raw-materials-act_en

100§

( YEARS | \; o

-

l_,
ANN IVE RSARY

d

J.B.S. Haldane, in full John Burdon Sanderson Haldane,
(born Nov. 5, 1892, Oxford, Oxfordshire, Eng.—died Dec. 1, 1964,
Bhubaneswar, India), British geneticist, biometrician,

physiologist, and popularizer of science who opened new paths of
research in population genetics and evolution

SCP

SAMUEL FURFARI EUROPE


https://www.britannica.com/place/Oxford-England
https://www.britannica.com/science/science
https://www.britannica.com/science/genetics
https://www.britannica.com/science/evolution-scientific-theory

Why is hydrogen mass-produced by methane transformation?

CH, +2 H,0 — 4 H, + CO, AH = - 164.7 k!

H,0 (1) > H, +% O, AH = -285.8 k}

4 x 285.8
—=6.9
164.7

SAMUEL FURFARI
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shutterstock.com + 1733387822

Gas/water separator
Feed water supply Vented oxygen 4 -

e Y
Ij !
b s

N
=)
sy
oy - @é

High pressure
A | buffer tank

9 _‘»M/
Water nng
b Compressor

A v

e vundiQe ‘ 4

su ] ':H} \' ‘} |
i __33:.@. — Lye Filter m{ </ "

=00

Gasholder

B Hydrogen
Water/KOH
Electrolyte Tank | Oxygen

B \Water/KOH
Water

-

Rectifier
Transformer

Note: This configuration is for a generic system and might not be representative of all existing manufacturers.

Based on IRENA analysis.

EUROPE
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Hydrogen, the inefficient green gas

Yearly plate production :
8 760 h x 6 MW = 52 560 MWh

Electricity grid
12 018 MWh
o

23 % of time 2003 h

1x6 MW

ff%% oftime 6757h Electricity grid

2003 h 40 562 MWh
144 864 MWh—» Electrolyser -H, — Storage [ Fuel cells >
12x 6 MW

© Samuel Furfari === %------------Elliciency ! 28% ---------------



| | Steam

- Helium or
Molten saltl |
Uranium Water
L (@nd [ I""[.]

spent fuel _1,, '

if MSR) . Steam ’

~ Helium or
= Molten salt P
from S~ 700 °C

Water
chemical

-HE + Qo
dissociation
Helium or _
Molten salt @ Samuel Furfari
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Non renewables resources are limited

Jimmy Carter, "The President's Proposed
Energy Policy.” 18 April 1977. Vital
Speeches of the Day, Vol. XXXXIII, No.
14, May 1, 1977, pp. 418-420.

EUROPE | £\



Resources
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Ol price

Technology

7 Uneconomic

Oil resources Oil reserves Oil resources

(il demand ,

e



World oil reserves

=
o
-
o

Milliards de barils

SAMUEL FURFARI - ESCP ESCP
EUROPE



Speculation | =¥

2004-2014

Subprime crisis | [ "

2008-2010

2nd Oil

Shock , " ’

1st Oil
,,,,,,,,,,,, Shock

—— 2014/2015
Asian Crisis
1998

00

(o]]| Consuphon (Mb/day)
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UNCLOS e 200Miles = :

Montego Bay, 1982 : Exclusive Economic Zone (EEZ)
Entered into force in 1994

7"

Proelss

United Nations
Convention on the

Law 0l the Sea

Foot of the
continental shelf

It gives coastal States rights they had not before ESCP



£ Lawol lhe Nea™ " # ruks % ko = cortin b the Precdom of the Moy

Legend

R e L R

(v g ot gt |
NLwam Seamt ey
Tereen aeme b Peae bend
e
1wt Levece

TR Wigee Figaeen D Theee Veties
B Chane Ban

Accordding 12 v Astancrc Ty (1959) on cosrery an iaim gemeahy
O Argarcie s Fapiontyzon of namer sl sne manibime osscences & prohibited
Ther howw traermionsat Laned clatra aee bnmme by e Arcte bl

Source : http://www.newsecuritybeat.org/2010/06 /natural-resource-frontiers-at-sea/ ESCP
EUROPE
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LNG trade has overtaken pipeline trade

== |nter-regional pipeline trade ING trade

600

500

400 -
™
S

O

300

200 -

%
SN

N 4
a %N 7

Smuel Furfari




Saudi Arabia of gas

L 1 I 1 J
0 -] 50 Kilometers
g

v, Iran
8~ South Pars ROW

v, (lran)

Bahrain

Qatar selected energy infrastructure

N * Capital ——— Ol pipeline, operating
\_ v as Ports & terminals e Natural gas pipeline, operating
[0 Refinery, operating O & naturad gas feld (Iran)
A NG facilty, operating Ol & natural gas feld

Saudi Arabia :

;'\ Sources: U.S. Enargy Infarmation Administration, IHS EDIN
(‘la Regresentation of mternatcnal boundanes and sames Aot suthontative

e s g

—><° Qatar is the world's 2nd largest exporter of liquefied natural gas (LNG)
* Reserves-production = 160 years of today exports

ESCP

EUROPE
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Existing Approved, Not Yet Built Propose

iamna o Export Terminal 1d. Domestically-Produced LNG Exported by Regior
P “\ = y (Cumulative from February 2016 through September 2022)
i I8 '\1/ UNITED STATES (Bef, %)
; g\ Nan
d o) FERC - APPROVE|
o \{ i 1. Corpus Christi, TX: South Asia, East Asia and Pacific,
: X X 507) g 7922, 6.3% 42644 ,337%

5. Calcasieu Parish, L/

2. Sabine Pass, LA: 0. 8
/’Q‘/ 3. Cameron Parish, LA ——""/{Middle East and
? 4. Sabine Pass, TX: 2. » “~— s North Africa,

FERC - APPROVE!
A. Lake Charles, LA: :
B. Lake Charles, LA: *

C. Hackberry, LA: 1.4'

D. Port Arthur, TX: 1. Latin America
E. Freeport, TX: 0.721 arlld the

F. Pascagoula, MS: 1. Caribbean,
G. Jacksonville, FL: 0 21135, 16.7%

H. Plaguemines Parist
|. Brownsville, TX: 0.5
J. Brownsville, TX: 3.t
K. Brownsville, TX: 0.

L. Corpus Christi, TX: Europe ar!d
M. Sabine Pass, LA: N Central Asia,
N. Coos Bay, OR: 1.08 5,104.9, 40.4%

O. Nikiski, AK: 2.63 B(

U.S. LNG imports and exports, 1985-2021

billion cubic feet <§ i) ) ‘
3,600

3,400
3,200
3,000
2,800
2,600
2,400
2,200
2,000
1,800
1,600
1,400
1,200
1,000

800

600

400

200

0 e

[ I | I I | | |
1985 1990 1995 2000 2005 2010 2015 2020

— imports — exports

2

el Data source: U.S. Energy Information Administration, Natural Gas Monthly, March 2021; data for 2021 are preliminary
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Ga's pipelines .\P 3 ' (—f\‘ o /’_—\/"\.7 Home / News and insights / Press releases / FPSO vessel for the bp-operated Greater Tortue Ahmeyim project successfully sets sail for project site
— Tans-Saharan y\( NIGERIA f‘\ " . .

wae-sue | ] Ve l/‘/LJ FPSO vessel for the bp-operated Greater Tortue Ahmeyim project successfully
it )f e BTk R e . sets sail for project site
: Z::ﬂ::::i:"'m ‘ Release date: 23 January 2023
— Others o
CCo [~

29] &
VRLD NEWS
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Est Africa and gas potential
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Notizie P Medio Oriente e Africa

Renzi: «Dal Mozan
prossimi 30 anni»,
nostra scoperta piu imp(h?nte

21/11/2014

Source : Jerome Dviment,
Institut de Physigue du Globe de Paris, CNRS.




Zohr, a great success for ENI and Egypt Dal 2025 non ci servira piu il gas
russo, ce lo premette I’Eni

Baltim Dumyat

Alexandria .

Discovered in August 2015
850 billion m?

N Oy Inaugurated in January
, Q 1.2018

# BP and Rosneft partners




TotalEnergies invests in Qatar and Iraq

I 24 septembre 2022 27 milliards pour un siécle de Total en

. Irak
L.e Qatar et TOtalEnergles 12 septembre 2021 par Jean-Pierre Filiu
signent un contrat pour le
) C'est en Irak qu'a été lancée en 1924 la Compagnie frangaise des pétroles,
developpement d umn Champ ancétre de TotalEnergies, qui vient de signer avec Bagdad des contrats d’une
de gaz naturel valeur cumulée de 27 milliards de dollars.

:Nprt:h oil Jg ill =1

Qatar Petroleum —

T

y T—— S | Saat
=2 = =

=

. r

EUROPE

Le PDG de TotalEnergies (a gauche) et le ministre irakien du Pétrole (a droite)
Samuel Furfari




Qatar Cgy-  EU 2021
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Russia
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European Enalish
Commission @ g

Home > News > Inauguration of gas interconnection between Poland and Lithuania

Baltic-connector
to Finland

Incukalns
s storage

NEWS | 5 May 2022 | Brussels | Energy GlPL /

Inauguration of gas interconnection between Poland
and Lithuania

Photo K.Fedirka (FotoSkrydis)
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Germany as a gas hub
in Northern Europe e
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Pipeline Network OGT
Pipeline Network GASCADE / NGT ¢
important Transit Pipelines

ESC P >< ) Compressor Stations OGT 2 Abo =
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Opinion Inside Business

Leonid Russia’s LNG ambitions no longer a pipe
Mikhelson dream
Novq'rek Novatek’s Yamal project a watershed moment for the country’s
hydrocarbon industry
CEO

NRY FOY + Add to myFT

Henry Foy in Moscow DECEMBER 27 2017
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Electric vehicles? Why not, but on the condition of having electricity!

Impact of electric vehicles on the electrical system for the electrification of 100% of the vehicle fleet

) . Future demand
Vehicles nstalled electricity
c = =

|

© ; . c
c (e

Q = . O

5,6 17 361 22,3 86,1 23 %
32,4 15 968 133,1 561,5 18 %
22,4 15 803 103,8 275,6 26 %
37,3 16 587 114,2 295,2 42 %
Poland 20,7 15967 42,8 170,4 39 %
UE-27 253,5 15 000 948 2900 26 %
United Kingdom 32,5 11840 104,8 322,84 24%
251 19 801 1117 4286,6 23 %
61,8 5163 306 950 7%

EEU%EPPE —>< https://blog.friendsofscience.org/2022/06/16/electric-vehicles-
why-not-but-on-condition-of-having-electricity/
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World oil demand by final use

Oil products
Petrochemicals
14%
Others
12%

Other
industry
5%

Buildings
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Electricity
5%

Transport
56%
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Data: IEA Oct 2018, The futur of petrochemicals
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Party to the
UNFCCC

World

Latin America
Africa
Non-OECD
Pakistan
Indonesia

China
Vietnam
EU

Data : BP 2022

Increase
since
adoption of
the UNFCCC
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Westinghouse signs initial contract for Ukrainian
AP1000s

22 November 2021
< Share

A contract signed by the Ukrainian nuclear operator Energoatom and US vendor
Westinghouse will trigger the engineering and procurement of components for the
first of several AP1000s planned for Ukraine. The country is planning as much as 11
GWe of new build by 2040.

EAR OPPORTUNITIES FOR DEVELOPMENT
*OF THE COUNTRY»

|

EUROPE

BUSINESS SCHOOL

Energoatom, respectively (Image: Energoatom)

ESC P X Patrick Fragman (seated left) and Petro Kotin (seated right) sign on behalf of Westinghouse and
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Sharm El Sheikh, 7 Nov. 2022

\f
Con él puedes hablar cor*a&nfianza.

D Bl DUEOFE ab

)

Y

LS :
. f )
3 \ "’ Presidente, yo lo voy a llamar,
A | J ,
e ; \ - — :
' - - \ ‘? :

v~ Estamos g(atando.hp%rlo me encantaria Bueho, lhay que conseguir 2 !
s habtar un poco mas, ’ . - i -

D — % eteamino i £ _residentes de Argentmgc(’:iglso.mbla AMUEL FUREAR]



® = MENU The Spdney Forning Herald

Coal = electricity

Scott Morrison backs coal wealth for decades to
come

{ By David Crowe
JJJJJJJJJJJ 20,2021 — B.AZpm [ save o+ Share A A A m View al
e,
v

Electricity-fuel mix
8% 4%

|l

Scott Morrison, not only nuclear submari

10

a Oil ® Natural Gas g .
®m Coal id Nuclear energy
EEU%%?PIDE i}(lydro electric Renewables
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EU and India CO, emissions.
Data up to 2020 from BP Statistical Review 2023. After 2020, the trend towards zero carbon in the EU and
linear increase in India (B), reaching EU per capita emissions in 2050 (A).
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Mon, Nov 14,2022 Newsweek

Europe’s Failure to Meet Its Climate Goals Should
Not Be Africa's Problem | Opinion

AR

YOWERI K. MUSEVENI, presient oF ucANDA

ON 11/8/22 AT 7:00 AM EST

#ChamberNews #AEW2021
A Message from Nigerian Petroleum Minister on the future of the Oil and Gas Industry

1443 vues * 17 sept. 2021 e 2 G0 ) PARTAGER =+ ENREGISTRER

EUROPE
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ESCP _>< https://www.newsweek.com/europes-

failure-meet-its-climate-goals-should-not-
Samuel Furfari africas-problem-opinion-1757502




A Western Distraction
from Climate Action

Sustainability Now) @ @ @

May 30, 2023 |ALI RASHID AL NUAIMI

In a dangerous diversion, members of the US Congress and the
European Parliament have demanded the removal of Sultan Al Jaber as
COP28 president-designate. But to have any hope of taking urgent
action to address climate change and maintain economic growth, the

world must not let political drama impede tangible and practical
solutions.

ABU DHABI - It should be common knowledge by now that climate change
is a complex problem with outsize consequences for the Global South. By

ESCP X

Samuel Furfari

@

Worse still, the US and
European legislators are
advocating international
intervention in a sovereign
decision — the latest in a

long line of Western efforts
to dictate to Global South

governments for domestic
political gain.




Aramco, 12 July 2023, Kuala Lumpur

Aranico \‘
l:l\‘L ats il Bl ad “The same energy transition policies
® E OBITUARIES PIPELINE EVENTS PHOTO GALLERIES m should nOt be applied to every nation. If
Asia and the Energy Future they are, it will SEVEFEly affect the
competitiveness of those who are not at
Aramco’s president and CEO Amin Nasser calls on Asian leaders to speak louder

and more clearly about the regions unique priorities to help shape a new, th e Same econom iC matu rity IEVEI, Wh iCh

pragmatic global energy transition approach, as Aramco doubles down on its

Asia commitments, is the case for many in Asia.”

“So, in a century that is Asian, we know
our future is Asia.”

— Amin Nasser

" Amin Nasser
| President and CEQ

EEU%EF!:; _>< https://aramcoexpats.com/articles/asia-and-the-energy-future/
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Processes to eliminate CO, in combustion

Post-combustion Oxy-combustion Pre-Combustion

Cleaning of a small Elimination of CO, before

Cleaning of a large volume of flue gas .
volume of flue gas combustion

Air separation

Air (elimination of
(79% N,) N,)

Gasification of

Combusti coal
onin air

Syngas

CO+H
Combustion in ( 2)
pure O,
ESCP _>< -

Combustion
of HZ
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Using the CO, ?

Reduction of CO, in methane
2 x (2H,0(gas) - 2H,+ O,) AH° = 2 x 483,88 = 967,76 kI a25°C
4H,+CO, - CH, + 2H,0(gas) AH° = -164,88 kia25°C
e Global reaction :
2H,0 + CO, - CH, + 20, AH® = 802,88 kI a25°C
e Overall it is necessary to provide 802.88 kJ per mol of CH, formed (16 g) hence 50,180 kJ/kg CH,

Reduction of COg in methanol (with water as a source of hydrogen

3x[2H,0(gas)>2H,+0,] AH®° =3 x 483,88 =1451,64 k) a 25°C
2x[3H,+CO, > CH,0H +H,0 (gas)] AH°=2x(-87,02) =-174,04 k) a 25°C
Global reaction:

ESCP X 4H,0+2C0O,>2CH;0H+30, AH° =1277,6 kla 25°C

EURDPE Overall it is necessary to provide 638.8 kJ per mol of CH;OH formed or per mol of CO,
Samuel Furfari transformed (it is less than for CH




CO, : life exhaust pipe

Free a Free 4
energy anergy

AG AG
Reactants Products

A

Picduits Reactants

Reaction Reaction
progress progress

Products have less energy than reactants Products have more energy than reactants
Energy released (exothermic reaction) Energy required (endothermic reaction)

ESCP
EUROPE More detail : http://www.science-climat-energie.be/2019/06/07/the-challenge-of-re-
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http://www.science-climat-energie.be/2019/06/07/the-challenge-of-re-using-the-co2/#more-5237
http://www.science-climat-energie.be/2019/06/07/the-challenge-of-re-using-the-co2/#more-5237

JEAN-PAUL OURY :
“TOUS LES PROBLEMES
VIENNENT D'UNE
LACUNE CRUELLE QUI
EST UABSENCE D'UNE
POLITIQUE
SCIENTIFIQUE
ALTERNATIVE A
L'ECOLOGISME.”

ESCP _X
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All the problems
stem from a cruel
shortcoming,
which is the
absence of an
alternative
scientific policy to
ecologism.

Jean-Paul Oury

Greta

a tué Einstein

La science
sacrifiée sur
('autel de
l'écologisme
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The changing world of. . The changing world of
energy and the geopolitical energy and the geopolitical

challenges challenges
1. Understanding energy developments 2. Shifting Sands: The Geopolitics of Energy

Energy insecurity

The organised destruction of the EU's
competitiveness

: . I Samuel Furfari
Samuele Furfari :,’
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