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The increasing contribution of renewable energy to our energy demand requires energy storage for mobile 
application and seasonal storage.  Hydrogen can be produced from electricity or heat and water. The storage of 
hydrogen with a high gravimetric and volumetric energy density is a challenge. However. if CO2 from the 
atmosphere is reduced with hydrogen to synthesize hydrocarbons with C > 8 (synthetic fuels), the storage and 
applications are based on established technology. 
 
Energy storage for mobility and seasonal storage are the two major challenges, because of the high energy density 
required and the large amount of stored energy. The technical solution is to produce hydrogen from renewable 
electricity. Hydrogen production by electrolysis is an established technology also currently we are facing a lack of 
large scale electrolysers available. The storage of hydrogen under high pressure, in liquid form or in hydrides is a 
material challenge and limited to 50% of the energy density of liquid hydrocarbons.  The hydrogen can be used to 
reduce CO2 from the atmosphere in order to synthesize liquid hydrocarbons. Based on known reactions the 
efficiency from solar energy to hydrocarbons could reach 18%. This requires large scale electrolyzers, hydrogen 
storage, adsorption of CO2 and finally a well controlled reaction of H2 and CO2 to a specific product, e.g. octane. 
The storage of liquid hydrocarbons is a well established technology in mobility as well as large tanks. The 
challenges and the solutions for the realization of the technical process will be discussed and an example of the 
realization of the whole energy conversion chain will be presented. 

 
Fig. Schematic representation of the closed materials cycle, where hydrogen is produced from renewable energy 
and used together with CO2 from the atmosphere to synthesize hydrocarbons as CO2 neutral energy carriers. 
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