
 

 842

WATER ELECTROLYSIS AT ELEVATED TEMPERATURES 

Bjerrum N.J*., Petrushina I.M*., Bandur V.A., Nikiforov A.V. 
Department of Chemistry, Kemitorvet, Building 207, Technical University of Denmark,  

2800- Kgs. Lyngby, Denmark 
Fax: (+45)45883136  E-mail: njb@kemi.dtu.dk, impetr@kemi.dtu.dk, vb@kemi.dtu.dk, alnik@kemi.dtu.dk 
 

 Introduction 
  Hydrogen has the potential to provide a 

reliable, secure and clean source of power. As an 
energy carrier, hydrogen can be produced from 
conventional fossil fuels, from biomass, and by 
electrolysis of water. The biggest barrier to the 
hydrogen economy is the challenge of getting 
hydrogen economically to the point of use. This 
includes technological issues of hydrogen 
production, storage and transportation. Today 
hydrogen is primarily produced by reforming of 
fossil fuels, e.g. natural gas, in a centralized way 
and distributed to the locations of use as 
compressed gas. In long-term visions, however, 
decentralized production of hydrogen by means of 
water electrolysers is favourable in several ways. 
When renewable energy sources (hydropower, 
windmills, solar cells, etc.) are considered, 
electrolysis is a practical way of converting the 
surplus electrical energy into chemical energy to 
be used when the power is needed.  

However, the hydrogen based energy supply 
system, consisting of hydrogen production by 
sustainable energy, hydrogen storage, and fuel 
cells, needs to be made more efficient and reliable 
to be commercially competitive to the present 
energy supply system. In particular, the water 
electrolysis process needs to be made more 
efficient, and the fuel cells further improved. This 
demands further development of all the materials 
of which the electrolyser cells as well as the fuel 
cells are built.  

Basics of water electrolysis 
Two types of industrial electrolysis units are 

being produced today. The first type involves an 
aqueous solution of potassium hydroxide (KOH) as 
an electrolyte, which is referred to as alkaline 
electrolyzer. The electrodes are nickel and nickel 
oxide, separated by the membrane filled with the 
electrolyte.  

The second type of electrolysis unit is a Solid 
Polymer Electrolyte (SPE) electrolyzer. These 
systems are also referred to as PEM or Proton 
Exchange Membrane electrolyzers. In this unit the 
electrolyte is a solid ion conducting membrane 
(Nafion) as opposed to the aqueous solution in the 
alkaline electrolyzers. This membrane allows the 
H+ ion to be transferred from the anode side of the 
membrane to the cathode side, where it forms 
hydrogen.  

Both types of the electrolyzers work at 
temperatures below 100°C. 

The overall reaction during water electrolysis is: 

222 Ѕ OHOH +→  

The theoretical (standard) voltage for this 
reaction is 1.23 V for liquid water or 1.18 V for 
water in the form of steam. It means that steam 
electrolysis is more energy effective. Moreover the 
higher the temperature of the water electrolysis, the 
faster the electrode reactions and the higher the 
Faraday’s efficiency of these reactions. 

 
Development of high-temperature SPE 

electrolyzer 
The Energy and Materials Science Group is a 

leader in two projects under development 
connected with the high-temperature SPE 
electrolyzer: the WELTEMP project funded by 
the European Union and the Danish HYCYCLE 
Research Center. 

The Group’s activity is based on many years of 
experience in the development of high-temperature 
polymeric electrolyte fuel cells1-3. The polymeric 
electrolyte used in these fuel cells is the 
polybenzimidazol/phosphoric acid system stable 
up to 200°C. 

The water steam electrolyzer under development 
will have a similar type of polymeric electrolyte as 
the fuel cells (Figure 1). 
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Fig. 1. Draft of cross-section of a solid polymer 

electrolyte water steam electrolyser.  
 
 
Besides the above mentioned advantages steam 

electrolysis also has some the materials problems 
due to the higher working temperatures.    

The problems with catalysts and construction 
materials will be discussed and some solutions will 
be presented. 
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