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Nomenclature 

APU Auxiliary Power Unit    SOC Solid Oxide Cell   

EIS Electrochemical Impedance Spectroscopy  SOEC  Solid Oxide Electrolysis Cell 

OCV Open Circuit Voltage    SOFC Solid Oxide Fuel Cell  

SoH State of the Health    THD Total Harmonic Distortion Analysi  

1. Introduction 

High-temperature solid oxide cell (SOC) technology marks a significant step towards emission-free energy and 

fuel production, thus creating a global sustainable energy system. Auxiliary power units (APUs) or combined heat 

and power (CHP) systems with solid oxide fuel cells (SOFC) as the main component provide solution for highly 

efficient and low emission energy system of tomorrow. The great advantage of SOFCs is that they can be operated 

under a wide range of various fuels, such as hydrogen, diesel reformate, methane, ammonia, etc. Next, they are 

highly efficient when operating in both part- and full-load modes, due to direct conversion of chemical energy into 

electrical energy. Compared to low-temperature fuel cells, which require noble metals as catalysts and pure 

hydrogen as fuel, SOFCs have great fuel flexibility and use affordable metallic catalysts. Moreover, they are capable 

of operating in a reversible mode, as solid oxide electrolysis cells (SOEC), converting excess electrical energy into 

fuels, such as hydrogen, carbon monoxide, or even methane, with an overall efficiency significantly higher than in 

low-temperature electrolysers. 

However, the high operating temperatures, great fuel flexibility and internal reforming can lead to various 

degradation mechanisms, as a result of which the cell’s lifetime can be significantly shortened. For instance, feeding 

SOFC with carbon-containing fuels or operating SOEC in Co-electrolysis mode brings risk of carbon formation and 

its deposition on the porous Ni-based anode, [1-3]. Moreover, high operating temperature and gas supply starvation 

can accelerate other degradation phenomena and thus distinctly reduce the lifetime of the rSOC technology. The 

examination and accurate identification of mechanisms that occur when rSOCs are operated under conditions that 

can provoke specific degradation mechanisms are important topics for the continuing application of reversible SOC 

systems. Determining which degradation processes are occurring at early stages requires in-depth knowledge of 

individual mechanisms and the selection of appropriate methods for their identification. Since the process of carbon 

deposition on the porous SOFC fuel electrode is very complex and includes a wide variety of mechanisms, and 

degradation is one of the main drawbacks in fuel cell development and operation, the impact of changes in the cell 

on its performance is of special interest. A full understanding of the basic processes that occur within an SOFC 

during feeding with different fuels can be found in our previous studies [1,4]. It represents a first step to ensure 

complete understanding of the reversible SOC operation as well as degradation mechanisms during the SOFC 

operation that will be explained within this study. 

In order to prolong the lifetime of the future-oriented rSOC technology and to accelerate its commercialization, it 

is necessary: (1) to optimize operating conditions in order to increase the overall efficiency, and (2) to develop in-

situ methods and tools that are able to identify individual degradation mechanisms at an early stage, predict future 

degradation trends, and provide accurate information about the remaining useful lifetime, which are two main topics 

of the present study. 

 

2. Experimental setup 

Commercial available solid oxide cells manufactured by CeramTec GmbH in an industrial size were employed as 

rSOC for the purpose of investigations of single processes within this study. Furthermore, in order to investigate 

carbon deposition phenomenon, SOFC cells manufactured at Forschungszentrum Jülich were used. The both cell 

types had the same anode, but different cathode. The cells’ dimensions are also the same. The cell size (100 cm²) is 

of great importance, since such large cells are candidates for the eventual commercial use of SOFC technology. The 
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One EIS measurement cycle took approximately 15 minutes, while applying the THD method, which means 

performing the measurements only at the characteristic frequencies determined, can decrease the overall 

measurement time down to several seconds. 

 

4. Conclusion 

The present study reveals non-traditional methods for in-situ characterization of solid oxide cell systems, which 

can be seen as a significant step towards implementation of the techniques described into a practical and cost-

effective online-monitoring devices. The application of the methods described enabled: (1) to determine the overall 

losses in both SOFC and SOEC mode and to seaparate them, (2) to make suggestions for performance optimization, 

and (3) to identify degradation at early stage in a time-efficiently manner. When using the THD method described, 

the overall measurement time can be reduced from 15-20 minutes down to several seconds. The online-monitoring 

tools employed within the present study can be applied for the same purpose not only for fuel and electrolysis 

systems, but also for a wide spectrum of electrochemical systems, power and fuel generation systems, to determine 

their performance, optimize the operation and increase the overall efficiency, as well as to extend the lifetime of the 

technology used. 
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