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EU and India CO₂ 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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Processes to eliminate CO2 in combustion
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Using the CO₂ ? 

Oxydation (Combustion) of methane: 
CH4 + 2 O2  → 2 H2O + CO2 ∆H° = - 802,88 kJ à 25° C

Reduction of CO2 in methane
2 x (2 H2O (gas) → 2 H2 + O2) ∆H° = 2 x 483,88 = 967,76 kJ à 25°C

4 H2 + CO2 → CH4 + 2H2O (gas) ∆H° = - 164,88 kJ à 25°C

• Global reaction :

2 H2O + CO2 → CH4 + 2 O2 ∆H° = 802,88 kJ à 25° C

• Overall it is necessary to provide 802.88 kJ per mol of CH4 formed (16 g) hence 50,180 kJ/kg CH4

CCU

Reduction of CO2 in methanol (with water as a source of hydrogen)

3 x [2 H2O (gas) → 2 H2 + O2 ]                ∆H° = 3 x 483,88 = 1451,64 kJ à 25°C

2 x [3 H2 + CO2 → CH3OH + H2O (gas)]  ∆H° = 2 x (- 87,02) = - 174,04 kJ à 25°C

Global reaction:

4 H2O + 2 CO2 → 2 CH3OH + 3 O2.               ∆H° = 1277,6 kJ à 25° C

• Overall it is necessary to provide 638.8 kJ per mol of CH3OH formed or per mol of CO2

transformed (it is less than for CH4 production  because carbon is less strongly reduced)
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CO₂ : life exhaust pipe

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


The renewable fuel mix reality in the EU
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Intermittent and variable electricity generation or MW are not MWh

Average on 5 years Wind Solar

Load factor in the EU 23 % 11 %

SAMUEL FURFARI  

-

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



Electricity generation in Germany (Eurostat data)
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How important is wind power and solar energy?
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Garzweiler lignite 

mine 2  May 2016 

(© Samuel Furfari)



John Haldane
4 fév. 1923,

Cambridge Univ.

End of 
coal

Wind 
turbines

H2

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?

SAMUEL FURFARI  



15



Hydrogen, the inefficient green gas



The future of 
hydrogen will 
depend on 
GEN IV 
nuclear power. 
In the 
meantime, we 
will continue to 
produce it 
from methane, 
a highly 
valuable 
chemical 
resource.



Resources
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United Nations Convention on the Law of the Sea

It gives coastal States rights they had not before

UNCLOS

Montego Bay, 1982

Entered into force in 1994



Source : http://www.newsecuritybeat.org/2010/06/natural-resource-frontiers-at-sea/



The new Europe

http://farm8.staticflickr.com/7292/10134658063_fca4fc3da2_o.jpg
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LNG trade has overtaken pipeline trade
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Qatar: Saudi Arabia of gas

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

Qatar
21%

RoW
79%
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Zohr, a great success for ENI and Egypt

Discovered in August 2015

850 billion m³

Inaugurated in January 
2018

BP and Rosneft partners
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23/1/2023
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Caspian Sea

USA/Canada

© Samuel Furfari
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Germany as a gas hub 
in Northern Europe 
with the OPAL 
pipeline 
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Yamal LNG Project – 27 G$ -27.3 Mt/y

Patrick 
Pouyanné
TotalEnergy

CEO

Leonid 

Mikhelson

Novatek  

CEO First LNG load on December 8, 

2017, at the port of Sabetta



How can LNG be exported from Yamal?



Samuel Furfari 

+60% from 1992 à 2022

Data : BP 2022
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Oil
(Gt)

Gas 
(Tm3)

Coal 
(Mt)

Potential of the 
BRICS

84,4 70,6 494,441

No  BRICS 160,0 117,5 579,667

World 244,4 188,1 1 074 108

%  BRICS 35 % 38 % 46 %

The challenge of the
BRICS

SAMUEL 
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Sharm El Sheikh, 7 Nov.  2022
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Coal ≈ electricity
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https://youtu.be/Vl9hTNw-yto

https://www.newsweek.com/europes-
failure-meet-its-climate-goals-should-not-
africas-problem-opinion-1757502
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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.
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Aramco, 12 July 2023, Kuala Lumpur

“The same energy transition policies
should not be applied to every nation. If 
they are, it will severely affect the 
competitiveness of those who are not at 
the same economic maturity level, which
is the case for many in Asia.”

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

— Amin Nasser

https://aramcoexpats.com/articles/asia-and-the-energy-future/
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All the problems 
stem from a cruel 
shortcoming, 
which is the 
absence of an 
alternative 
scientific policy to 
ecologism.
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sfurfari@escp.eu


	Introduction
	Diapositiva 1: Where to start in energy policy and geopolitics?

	CCS
	Diapositiva 2: EU and India CO₂ 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). 
	Diapositiva 3: Processes to eliminate CO2 in combustion
	Diapositiva 4: Using the CO₂ ? 
	Diapositiva 5: CO₂ : life exhaust pipe

	Will REN solve the energy challenges?
	Diapositiva 6: The renewable fuel mix reality in the EU
	Diapositiva 7: Intermittent and variable electricity generation or MW are not MWh
	Diapositiva 8: Electricity generation in Germany (Eurostat data) 
	Diapositiva 9: Impact of the network cost on electricity price
	Diapositiva 10: How important is wind power and solar energy?
	Diapositiva 11
	Diapositiva 12

	H2
	Diapositiva 13: John Haldane 4 fév. 1923, Cambridge Univ.
	Diapositiva 14: Why is hydrogen mass-produced by methane transformation?
	Diapositiva 15
	Diapositiva 16: Hydrogen, the inefficient green gas
	Diapositiva 17: The future of hydrogen will depend on GEN IV nuclear power. In the meantime, we will continue to produce it from methane, a highly valuable chemical resource.

	Reserves and ressources
	Diapositiva 18: Resources and reserves
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21: United Nations Convention on the Law of the Sea
	Diapositiva 22
	Diapositiva 23: The new Europe
	Diapositiva 24

	Gas
	Diapositiva 25
	Diapositiva 26: LNG trade has overtaken pipeline trade

	Diapositiva 27: Qatar: Saudi Arabia of gas

	Diapositiva 28
	Diapositiva 29: Est Africa and gas potential
	Diapositiva 30: Zohr, a great success for ENI and Egypt
	Diapositiva 31

	Gas and EU
	Diapositiva 32
	Diapositiva 33
	Diapositiva 34: Germany as a gas hub in Northern Europe with the OPAL pipeline 

	Russia
	Diapositiva 35
	Diapositiva 36: How can LNG be exported from Yamal?

	Geopolitics
	Diapositiva 37: Trends in global and EU CO2 emissions
	Diapositiva 38
	Diapositiva 39
	Diapositiva 40
	Diapositiva 41
	Diapositiva 42: Sharm El Sheikh, 7 Nov.  2022
	Diapositiva 43: Coal ≈ electricity

	Climat
	Diapositiva 44
	Diapositiva 45
	Diapositiva 46: Aramco, 12 July 2023, Kuala Lumpur
	Diapositiva 47
	Diapositiva 48


