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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).

India
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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

EUROPE

BUSINESS SCHOOL

Samuel Furfari




Using the CO, ?

Reduction of CO, inmethane
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 kla 25°C
e Global reaction :
2H,0 + CO, - CH, + 20, AH® = 802,88 kl 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
2 x[3 H,+CO, - CH,0H +H,0 (gas)] AH°=2x(-87,02) =-174,04 k) a 25°C
Global reaction:

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

EURDPE X 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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The renewable fuel mix reality in the EU

B Heat pumps

B Geothermal

[0 Biofuels & waste
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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
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Intermittent and variable electricity generation or MW are not MWh
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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
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10% 20% 30% 40% 50%

Domestic electricity prices for 100 kWh (euros) according to the percentage of renewable energy
(solar and wind). Eurostat 2020 data
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Is the European green deal achievable?
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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
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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
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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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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% ---------------
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World oil reserves
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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
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LNG trade has overtaken pipeline trade

== |nter-regional pipeline trade ING trade
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Saudi Arabia of gas
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Qatar selected energy infrastructure
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Saudi Arabia :
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—><° Qatar is the world's 2nd largest exporter of liquefied natural gas (LNG)
* Reserves-production = 160 years of today exports
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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)
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Est Africa and gas potential
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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?3

N Oy Inaugurated in January
, Q 1.2018

# BP and Rosneft partners
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Qatar (s EU 2021
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Klaipeda LG
terminal

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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Opinion Inside Business

Leonid Russia’s LNG ambitions no longer a pipe
Mikhelson dream
Nova'rek Novatek’s Yamal project a watershed moment for the country’s
hydrocarbon industry
CEO
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Henry Foy in Moscow DECEMBER 27 2017
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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
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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 -
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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
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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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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 \‘
EA‘(; aws el leiiclbiiall ] “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 severely 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 Ieve I, Wh iCh

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

Asiacommitmants 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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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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