
1 

Power to Gas 

in the Energy Transition  

 

 

 
Philippe BOUCLY   

 Special  Adviser 

Lyon, 22 April 2015 



What is “ Power to Gas “ ? 

  

 Power to Gas :  
 Transformation through electrolysis of surplus 

of electricity into gas, either hydrogen or 
methane (through Sabatier reaction) 

     
ĄPower to hydrogen (H2) 
 
ĄPower to Synthetic methane (CH4) 
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Prospective study focusing on 2050 in 

France 
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1.Assessment of the surpluses generated by                                   
70 GW of wind power and 
 60 W of photovoltaic capacity installed 

2. Studies into solutions for using electricity surpluses  
depending on their technical characteristics. 

3. Assessment of minimum electricity surplus that can only 
be used as H2. 

4. Analysis of the profitability conditions for using surpluses  
as H2 injected into the network. 
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  Electricity surpluses are estimated at a 

level of 75 TWh 
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        Modelling  supply / demand  balancing on an hourly basis 

Source: Modelling and Analyses E-CUBE Strategy Consultants 

                 Simulation of the variability (wind, PV, demand) on the  basis of historical data  
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                               Various solutions can be envisaged in order to cope with  

                                       these surplusses of production 

Management 
of  excess  of 
production 

2 5 

Á Délestage des surplus  1 

Production of hydrogen  3 Á Exports 4 

 ( Loss of energy )  

Á Storage of electricity in excess then  
restitution of  this on the power  system  (STEP 
, CAES, Batteries) 

STORAGE Á Actions on the power consumption         
( Smart grids ) 



Hydrogene 
(storage then  utilisation in Fuel cells or in gas  turbines) 
 
 

STEP 2) 
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Thanks to its characteristics, hydrogen seems to be the most 

appropriate technology to store electricity over long 

periods of time 

Batteries (NaS, Li-Ion, Redox) 

1 kWh 10 kWh 1 MWh 100 MWh 1 GWh <10 GWh 

Energy 

Compressed Air Energy Storage 

Injection of 
hydrogen  in the 
natural gas network  
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Super-condensators / Wheels   

Second 

PHES : Pumped Hydro 
Energy Storage 



 

Main results 
 

ü  Ą 80%  of electricity surplus are produced during 
• Periods of 12 hours or more 

 

ü Ą H2 production potential of at least 20 TWh/year,  
ü      = 2 nuclear power plants and 9 % of  
ü France's total gas consumption in 2050  

 (based on Ademe Vision 2050). 
ü   
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 Ą Injecting renewable gas into 
the networks is one of the most 

economically viable ways of using 
it. 

ü   
 



« Green » Hydrogen 

Electrolysis 
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Process and/or Heat generation 

     ( Combustion or Fuel Cell) 

     
Gas grid 

Synthetic Methane (CH4) 
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H2 demonstration project 

10 

Power Grid 

Renewable 

power  

                                          H2 PRODUCTION 

Electrolyser Compression Storage 
INJECTION 

Device 
Gas/H2 

Mixing 

H2 02 

Automation Automation 

SMART GRID P2G  

Transformation 

Elec 

Mélangeur 

Tampon 

Source 

Transformation 

Water 

http://www.google.fr/imgres?imgurl=http://energie-eolienne-tpe2011.e-monsite.com/medias/images/eolienne.jpg&imgrefurl=http://energie-eolienne-tpe2011.e-monsite.com/pages/prundefinedsentation.html&usg=__EiCIria5JFsysj9roOGYBewMoQQ=&h=402&w=600&sz=104&hl=fr&start=22&zoom=1&tbnid=JncqMEdMuWDzaM:&tbnh=90&tbnw=135&ei=N2lnUp3AD4bR0QW264DwCg&prev=/search?q=eolienne&start=20&um=1&sa=N&hl=fr&gbv=2&tbm=isch&um=1&itbs=1&sa=X&ved=0CC4QrQMwATgU
http://www.google.fr/imgres?imgurl=http://www.h-tec.com/uploads/pics/PEM_Brennstoffzelle_05.JPG&imgrefurl=http://www.h-tec.com/fr/education/technologie/electrolyse/&usg=__rxbG00RCIu8yiI4s2CJ3t8HULRk=&h=1155&w=1462&sz=532&hl=fr&start=2&zoom=1&tbnid=Vgy3vxoxfrGEMM:&tbnh=119&tbnw=150&ei=6m1nUrvhLsi70QX_xIBA&prev=/search?q=electrolyseur+PEM&um=1&sa=N&hl=fr&gbv=2&tbm=isch&um=1&itbs=1&sa=X&ved=0CC4QrQMwAQ
http://www.google.fr/imgres?imgurl=http://www.hydropac.com/GRAPHICS/hydrogen6.jpg&imgrefurl=http://www.hydropac.com/HTML/hydrogen-compressor.html&usg=__NKQqaajpx2vMQfuYf3dRo0KW89A=&h=263&w=275&sz=15&hl=fr&start=91&zoom=1&tbnid=ilWMXNO47vA6QM:&tbnh=109&tbnw=114&ei=am5nUqaxOYHJ0AWs9IDIBw&prev=/search?q=compression+H2&start=80&um=1&sa=N&hl=fr&gbv=2&tbm=isch&um=1&itbs=1&sa=X&ved=0CEAQrQMwCjhQ
http://www.google.fr/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/4/40/Thyristor.gif&imgrefurl=http://commons.wikimedia.org/wiki/File:Thyristor.gif&usg=__OK6wTN0PUI9vM5yVfUWlzViyCEg=&h=529&w=798&sz=8&hl=fr&start=5&zoom=1&tbnid=iZuHkCRZL48E3M:&tbnh=95&tbnw=143&ei=5oB4Uo3uIMigtAbv9YHYDQ&prev=/search?q=thyristor&um=1&hl=fr&gbv=2&tbm=isch&um=1&itbs=1&sa=X&ved=0CDQQrQMwBA
http://www.google.fr/imgres?imgurl=http://exam2ham.free.fr/donnees/images/filtre_lc1.jpg&imgrefurl=http://exam2ham.free.fr/donnees/filtres.html&usg=__PK5oajaAnxbi17E1G4eyHzYOvbM=&h=101&w=146&sz=4&hl=fr&start=3&zoom=1&tbnid=fGCd-XDI8SpheM:&tbnh=66&tbnw=95&ei=KYF4Us_yJcfdswag2IHACA&prev=/search?q=filtre+LC&um=1&hl=fr&gbv=2&tbm=isch&um=1&itbs=1&sa=X&ved=0CDAQrQMwAg
http://www.google.fr/imgres?imgurl=http://energie-eolienne-tpe2011.e-monsite.com/medias/images/eolienne.jpg&imgrefurl=http://energie-eolienne-tpe2011.e-monsite.com/pages/prundefinedsentation.html&usg=__EiCIria5JFsysj9roOGYBewMoQQ=&h=402&w=600&sz=104&hl=fr&start=22&zoom=1&tbnid=JncqMEdMuWDzaM:&tbnh=90&tbnw=135&ei=N2lnUp3AD4bR0QW264DwCg&prev=/search?q=eolienne&start=20&um=1&sa=N&hl=fr&gbv=2&tbm=isch&um=1&itbs=1&sa=X&ved=0CC4QrQMwATgU


H2 demonstration project : objectives 
       

Ą Time period : 2014 ς 2018 
Ą Size of electrolyser : 1 MW 
 
Ą Test of  * Electrolyser -   alcaline 

- pressure alcaline 
- PEM 
- High temperature (?) 

   * Response to different electricity regimes 
(flexibility) 

   * Synthetic methane production 
   
Ą Value chain /  business model 
Ą Regulation (gas quality)   
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Sale of Gas  

kWh 

 

One of the business models ... 
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Power  

network 

                                          POWER TO GAS 

Power 

market 

place 

Gas 

Market 

place 

Buy electrical  

kWh 

Gas  

Network 

http://www.google.fr/imgres?imgurl=http://www.h-tec.com/uploads/pics/PEM_Brennstoffzelle_05.JPG&imgrefurl=http://www.h-tec.com/fr/education/technologie/electrolyse/&usg=__rxbG00RCIu8yiI4s2CJ3t8HULRk=&h=1155&w=1462&sz=532&hl=fr&start=2&zoom=1&tbnid=Vgy3vxoxfrGEMM:&tbnh=119&tbnw=150&ei=6m1nUrvhLsi70QX_xIBA&prev=/search?q=electrolyseur+PEM&um=1&sa=N&hl=fr&gbv=2&tbm=isch&um=1&itbs=1&sa=X&ved=0CC4QrQMwAQ
http://www.google.fr/imgres?imgurl=http://energie-eolienne-tpe2011.e-monsite.com/medias/images/eolienne.jpg&imgrefurl=http://energie-eolienne-tpe2011.e-monsite.com/pages/prundefinedsentation.html&usg=__EiCIria5JFsysj9roOGYBewMoQQ=&h=402&w=600&sz=104&hl=fr&start=22&zoom=1&tbnid=JncqMEdMuWDzaM:&tbnh=90&tbnw=135&ei=N2lnUp3AD4bR0QW264DwCg&prev=/search?q=eolienne&start=20&um=1&sa=N&hl=fr&gbv=2&tbm=isch&um=1&itbs=1&sa=X&ved=0CC4QrQMwATgU


13 

 

                              CONCLUSION 

Biométhane : 

ωInjection  of 3 TWh  in 2020 

ωTechnical and economic analysis 
of the necessary conditions for 
the development of renewable 
gases in France in 2050 

Power to 
gas 

ωStudying the economic 
conditions for a 
profitable operation  in 
France 

ωH2 demonstration 
project 

Promoting the 
role of the gas 
networks in 
the energy  
transition  



Gas infrastructure – an essential component  

of a global sustainable energy system 

Electrolysis 

Methanation 

CO2 
CH4 

H2 

Power networks 

Gas networks 
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Thank you for your attention  

  


