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Emissions de GES jusque en 2021 

Greenhouse gas emissions until 2021 
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Focus on France
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Focus on France 

France is doing certain things well
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2021

2022
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Other things not so well
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Add emissions embedded in imported products and services.  
Remove emissions embedded in exported products and services.
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NDC : National Determined Contibutions

Pathways
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NDC : National Determined Contibutions

Pathways
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Emissions de GES jusque en 2021 
Trend from 
implemented 
policies
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Soilutions are available: wind and solar have become much cheaper
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But energy storage remains a big issue

Fuel cell
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Hydrogen economy ? 
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Electric / Hydrogen energy system. 
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Colors of Hydrogen 

Green hydrogen: wind or solar electricity + electrolysis 

Pink hydrogen:  nuclear electricity + electrolysis 

White hydrogen: native, from underground geological sources 

Turquoise hydrogen: from pyrolisis of methane 
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Green Hydrogen version
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Colors of Hydrogen 

Green hydrogen: wind or solar electricity + electrolysis 

Pink hydrogen:  nuclear electricity + electrolysis 

White hydrogen: native, from underground geological sources 

Turquoise hydrogen: from pyrolisis of methane 
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Pink Hydrogen version
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mobile power sources 

Turquoise Hydrogen version

other uses
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mobile power sources 

Turquoise Hydrogen version

 Jean Robin’s PhD with  AM
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mobile power sources 

Yet another use : how to still use your Ferrari car

CO2 + H2                  “clean fuel, e-fuel”
Direct air 
capture of 
CO2

Pyrolisis
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Is Direct Air Capture realistic ? 

- the price range is from 140 to 990 USD !!!
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Is Direct Air Capture (DAC)  realistic ? 

- the price range is from 140 to 990 USD !!! 
- The Inflation Reduction Act, passed in 2022,  allocates subsidies of USD180 (€165) per 

tonne captured through DAC. 
- Burning a ton of gasoline emits 3 tons of CO2, so it would cost 3000 USD per ton of 

gasoline. But 1000 liters of gasoline cost 2200 USD at the gas station in France: same 
order of magnitude, but significantly more expensive. 
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Techno-solutionism ? 
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Three topics 

-        Pyrolisis 

- Electrolysis 

-                   Hydrogen tank for aerospace
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Pyrolisis

CH4                             2 H2 + (C)S

- Non-catalytic 
- Catalytic : steel, gallium, carbon 

Two types of reactor:  liquid metal or carbon bed. 
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Liquid Metal Bubble Reactor 

(LMBR)  
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Essential phenomena 

- hydrodynamics (two phase) 
- reaction on surface or in bulk 
- soot formation 
- radiative transfer. 
- conductive and convective heat transfer.
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Fluid equations: Navier--Stokes

Species transport is described by Fick's law 

where xi is the mass concentration and  j  is the Fickian diffusive transport 
of species i. 

Heat transport is described by the energy equation.
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q  is the heat flux which may be decomposed into diffusive and radiative flux as 
follows 

with 

where  λ  is Fourier's coefficient and qr is the radiative flux. The opacity of the soot 
and any more compact carbon layer may affect the radiative transfer importantly, 
fortunately we have 

Guillaume Legros and Raghavendra Raman 

who are great experts of radiative heat transfer. 
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Can we do radiative transfer with Basilisk ? 
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Anticipated difficulties: 

- Narrow regions for reaction or surface reactions !combustion models. 
- Marangoni (surface tension gradient) effects. 
- Large density ratio, large surface tension effects.  
- Thin chemical boundary layers. 

(In technical terms, small Morton number and large Schmidt numbers)
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2.7mm bubble 
in molten tin.  

Video by 
Mohammad 
Taleghani 

with the help 
of Jieyun Pan 

using Basilisk
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Elctrolisis
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Evolution of an hydrogen bubble



/55 

Evolution of an hydrogen bubble

Evolution of a vapor bubble
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evaporation

T = Twall

T = Tsat  + ∆T 

vapor 
bubbleT = T(z)

T = Tsat 

T = Tsat 
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T VOF
Level 12   

Simulation by 
Tian Long 

using Basilisk 
(modified 
for phase change 
and heat transfer) 
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Simulations by Xiangbin Chen, 
(modified for phase change and heat transfer) 

Using Basilisk with contact-embed (modified)

0 ∼ 8μs                    20 ∼ 80μs               100 ∼ 500μs 
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constant H2 flux

Electrolysis simulation  by Wei Qin and Tian Long
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Electrolysis simulation  
by Wei Qin 
and Tian Long
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interaction 
of many small bubbles 
with large detaching 
bubbles. 
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Difficulties 

- Physical understanding : why so many small bubbles ?  
- Marangoni effects 
- Large density ratios. 
- Thin chemical boundary layers. 
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The Hydrogen Aircraft Sloshing Tank Advancement (HASTA) project  
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Universities 
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plan: use VOF and phase change models to simulate 
sloshing with heat and mass transfer. 

Project start September 1, 2024. 
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The end
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Morton number     

Schmidt number 

Galileo number 

Eötvös number 
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Fit a boundary layer  
distribution of concentration 
above the interface.  

Boundary layer shape solution of

Subgrid method

Allows to deal with super thin boundary layers.
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David Archer, The Long Thaw,  2009, Princeton University Press  
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