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PEM fuel cells and electrolyzers have reached a high state of maturity and they are an attractive 

choice form a performance and reliability point of view. However, cost is still high and as it is 

continuously reduced for most components, the dependence of noble metals as catalysts becomes an 

issue. This is not only from perspectives of cost but also of availability. Platinum is the standard 

catalyst for both oxygen reduction and hydrogen oxidation in PEM fuel cells and in the equivalent 

electrolyzers, platinum is used for hydrogen evolution while iridium is used for oxygen evolution. 

Iridium is even more rare than platinum. 

Most of the work on minimizing the noble metal content is reported for fuel cells. Strategies for 

reducing the platinum loading by optimization and by alloying have been quite successful, but a 

complete replacement is of course the dream. Over recent years, the steady progress has been made 

with oxygen reduction catalyst based on structures of carbon, nitrogen and light transition metals. [1] 

The oxygen catalyst in the electrolyzer is a special challenge due to the high potential of the electrode.  

The presentation will briefly review the development of non-noble metal catalysts for use in the acidic 

environment of a PEM cell and then present recent results from our group with carbon encapsulated 

iron carbide as an oxygen reduction catalyst. [2-4] 

References 

[1] D. Banham, S. Ye, K. Pei, J Ozaki, T. Kishimoto. J. Power Sources 285 (2015) 334-348 Yasuo Imashiro 

[2] Y. Hu, J. O. Jensen, W. Zhang, L. N. Cleemann, W. Xing, N. J. Bjerrum and Q. Li. Angew. Chem. Int. Ed. 

53 (2014) 3675–3679. 

[3] Y. Hu, J. O.  Jensen, W. Zhang, Y. Huang, L. N. Cleemann, W. Xing, N. J. Bjerrum and Q. Li. 

ChemSusChem. 7 (2014) 2099-2105. 

[4] Y. Hu, J. O. Jensen, W. Zhang, S. Martin, R. Chenitz, C. Pan, W. Xing, N. J. Bjerrum and Q. Li. J. Mater. 

Chem. A. 3 (2015) 1752-1760. 

 

 

 

 

Jens Oluf Jensen is full professor and heading the section Proton 

Conductors, at Department of Energy Conversion and Storage at 

Technical University of Denmark (DTU). Graduated 1993 from 

Department of Chemistry, DTU. PhD 1997 in metal hydrides from Royal 

Agricultural and Veterinary University. Employment at Danish Power 

Systems and Department of Chemistry, DTU (high temperature PEM fuel 

cells). Research field today: fuel cells and water electrolysis primarily 

from a materials science point of view. Board member of the Danish 

Partnership for Hydrogen and Fuel Cells, member of the International 

Editorial Board of the journal Electrocatalysis and member of the 

Technical Steering Committee of the South African hydrogen and fuel cell 

program, HySA Systems. Teaching: hydrogen energy and fuel cells as 

well as thermodynamics. Co-organizer of the annual Joint European 

Summer School, JESS. 

 


