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Welcome by the Organisers 
 

Olivier Bucheli & Michael Spirig 

European Fuel Cell Forum 
Obgardihalde 2  

6043 LUZERN / Switzerland 

 

Welcome to the 11th European SOFC & SOE Forum 2014. As from 
the year 2000, this 18th event of a successful series of conferences 
in Fuel Cell and Hydrogen Technologies takes place in the beautiful 
and impressive KKL, the Culture and Congress Center of Lucerne, 
Switzerland. Competent staff, smooth technical services and 
excellent food allow the participants to focus on science, technology 
and networking in a creative and productive work atmosphere. 

One more time, this event gives us as organiser the challenge to 
adapt to the evolving needs of the scientific and technical community 
around high temperature electroceramic technologies. In the context 
of Power-to-Gas discussions, Solid Oxide Electrolysers grow in 
importance, generalising also work on the electrode level. The 
growing and important number of poster contributions is taken into 
account by extended poster sessions that start earlier and allow for 
more direct scientific exchange. As with every programme, we want 
to keep one thing constant: The focus on facts and physics. This is 
granted by the autonomy of the organisation that does not depend 
on public or private financial sponsors but is fully based on the 
participants and exhibitors. Your participation made this event 
possible, please take those following days as your personal reward! 

Energy autonomy and the energy turn-around (Energiewende) are 
highly ranked on the agenda of decision makers. Fuel Cells and 
Electrolysers are considered as enabler for renewable energy. There 
are yet a few steps ahead before reaching the level of mass 

products. One of them is to inform the general public about Fuel 
Cells, for taking up the offered solutions, and sustain the public 
support for overcoming the market entrance hurdle. Fuel Cells and 
Hydrogen have an important contribution in answering the global 
challenge. Let us share this message beyond the scientific and 
technical community. 

In this respect, we would like to thank the conference chairs Niels 
Christiansen and John Bøgild Hansen, the Scientific Organising 
Committee and the Scientific Advisory Committee for their excellent 
work. Based on 320 submitted contributions, they have composed a 
sound scientific programme picturing the recent progress in high 
temperature electroceramics from more than 30 countries and 6 
continents – we look forward to seeing this exciting programme of 
the European SOFC & SOE Forum 2014. We also hope that the 
charming and inspirational atmosphere of Lucerne allows many 
strong experts to initiate or confirm partnerships that result in true 
products and solutions for society, and will allow adding some more 
pieces in the emerging picture of our future energy system. 

Our sincere thanks also go to all the presenters, the session chairs, 
the exhibitors, the International Board of Advisors, the media, the 
KKL staff and our co-workers. We thank all of you for your coming 
and support. May we all have a wonderful week in Lucerne with 
fruitful technical debates and personal exchanges!  

                Yours sincerely  
 
 
 
 
             Olivier Bucheli     &     Michael Spirig 

 

We are looking confident on the 2014 event and the future with: 

►   5th EUROPEAN PEFC & H2 FORUM   30 June - 3 July 2015 

► 12th EUROPEAN SOFC & SOE FORUM     5 July  - 8 July 2016 
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Conference Session Overview      see also: Booklet with full Programme & Memory Stick with all Proceedings 
Session Luzerner Saal Session Auditorium 

 
A01 P1: Opening Session International Overview: JP, US, CN   

 
 
 
 

  

A02 P2: European Overview 

A03 R&D at Institutes – Overviews B03 SOFC & SOE electrodes I 

A04  in Club Rooms 3-8 (2nd floor) Poster Session I (covering all Oral Session Topics) 

A05 Company & Major groups development status    I - EU B05 New Materials and Processing 

A06 Company & Major groups development status   II - Worldwide B06 Durability and lifetime prediction 

A07 P3: Balanced Energy Strategy – the Role of SOFC 
 

A08 Company & Major groups developments status III - Worldwide B08 SOFC & SOE electrodes II 

A09 Cell and stack design – State of the Art B09 Novel materials for SOFC & SOE electrolytes  

A10  in Club Rooms 3-8 (2
nd

 floor) Poster Session II (covering all Oral Session Topics)  

A11 Manufacturing B11 Mechanical modelling and reliability 

A12 SOFC System design, integration and optimisation B12 Diagnostic, charact. & electrochem. modelling I 

A13 Diagnostic, characterisation and electrochemical modelling II B13 SOE cells and stacks 

A14 Interconnect, sealing and coating B14 SOE systems 

A15 Cell and stack design – next generation B15 Balance of Plant and fuel conditioning 

A16 P4: SOFC for Distributed Power Generation  
Legend:  
P1-5 = Plenary Session A17 P5: Closing Ceremony  
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Chairmen’s Welcome to 
 

11
th 

European SOFC & SOE 
Forum 2014 

 

Niels Christiansen 
Topsoe Fuel Cell A/S, Denmark 

John Bøgild Hansen 
Haldor Topsøe A/S, Denmark 

 

 

 
Dear EFCF Attendee, 
 

Considerable progress has been made in the SOFC (Fuel Cell) and 
SOE (Electrolyzer) technologies, ranging from material and 
component development to demonstration and market entry of 
systems. SOFC is gaining increased attention as a key technology 
for energy systems with a high share of renewable, intermittent 
power production. At the 11th European SOFC Forum 2014, a 
complete overview of the state of the art – including materials, cell 
and stacks, processing, modelling and diagnostics, system design 
and operation, product ideas and potential markets – will be given at 
a three day technical conference. We are proud to chair this very 
interesting conference with so many excellent contributions, oral and 
poster. It is all the researchers and authors credit, when Solid Oxide 
Fuel Cells and Electrolysers become the key enabling technologies 
for a more sustainable energy world. 

 

 

 

 
 

Addressing issues of science, engineering, applications, market 
possibilities and future trends, the European SOFC Forum 2014 is 
aiming at a fruitful dialogue between researchers, engineers, and 
manufactures, between hardware developers and potential users, 
between academia, industry, and electric power and gas utilities. The 
technical programme comprises current results, challenges and 
trends in the field of SOFC and SOE technologies, including solid 
PCFC and MIEC, and the event is a unique opportunity for 
networking within and across different disciplines.  

Aiming at high quality and relevance, the technical programme has 
been set up by a Scientific Advisory Committee. The Committee has 
the task of ensuring full independence in all scientific and technical 
manners. All papers presented as lectures or posters will be collated 
in the electronic proceeding, which will be distributed to all 
participants at the time of registration and later distributed to 
libraries, research institutions and universities. In a special edition of 
the international Journal of Fuel Cells, some selected contributions 
will be published.  
 

 

 
For a fascinating conference under the motto: 

 

Solid Oxide Fuel Cells and Electrolysers: 

Key enabling technologies for sustainable energy scenarios. 

 

Niels Christiansen & John Bøgild Hansen 
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Scientific Advisory Committee 
 
Niels Christiansen, Topsoe Fuel Cell A/S, Denmark 

John Bøgild Hansen, Haldor Topsøe A/S, Denmark 

Florence Lefebvre-Joud, CEA-LITEN, France 

Peter Vang Hendriksen, DTU, Denmark 

Mihails Kusnezoff, IKTS-Fraunhofer, Germany 

Annabelle Brisse, EIfER, Germany 

Ludger Blum, FZ Juelich, Germany 

Nigel P. Brandon, Imperial College, UK 

Ellen Ivers-Tiffée, KIT, Germany 

Jan Van herle, EPFL, Switzerland 

Jari Kiviaho, VTT, Finland 

Karl Föger, CFCL, Germany 

Mark Selby, Ceres Power, UK 

Søren Primdahl, Topsoe Fuel Cell A/S, Denmark 

Dario Montinaro, SOFCpower, Italy 
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 Next EFCF conferences: 
 

   5
th

 European PEFC and H2 Forum 2015 30 June - 3 July 
 12

th
 European SOFC and SOE Forum 2016   5 July   - 8 July 

 

www.EFCF.com  in Lucerne, Switzerland 
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International Solid Oxide FUEL CELL and Electrolyser Conference 

11
th

 EUROPEAN SOFC & SOE FORUM 2014 
1 – 4 July 2014 

Kultur- und Kongresszentrum Luzern (KKL) Lucerne/Switzerland 
 

Chaired by 

Niels Christiansen         John Bøgild Hansen 
         Topsoe Fuel Cells A/S, Lyngby/Denmark            Haldor Topsøe A/S, Lyngby/Denmark 
 
 

 
 
 
 
 
 
 
 
 

 

Abstracts of all Oral and Poster Contributions 
 … 

Legend:  
◘ The programme includes three major thematic blocks:  

1. Int. and EU Overviews of Programs; R&D Institutes, Company and Major groups development status EU, Worldwide 
Plenary presentation on “Balanced Energy Strategy”, “Distributed Power Generation”. (A01- A07, A16);  

2. Advanced Diagnostic, Characterisation and Modelling (B06, B11, B12, A13) and Manufacturing (A11) 
3. Technical Sessions on Materials, Cells, Stacks, Interconnects, BoP, Systems, Fuel Conditioning for SOFC and SOE (B3-B11, A12, 

A14, A15,B13-B15)  
◘ Abstracts are identified and sorted by presentation number e.g. A0504, B1205, etc. first all A and then all B  

o Oral abstracts consist of numbers where last two digits are lower than 07  
o Poster abstracts are linked to related sessions by letter and first two digits: e.g. A05.., B10, …etc 
o Due to late withdrawals some numbers are missing (second two digits) 
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B0609 
 

Elementary kinetic modeling of (electro-)chemical 
degradation mechanisms of the SOFC anode 

 
 

Vitaliy Yurkiv (1,2), Jonathan P. Neidhardt (1,2), Wolfgang G. Bessler (2,3)  
(1) German Aerospace Centre (DLR), Institute of Technical Thermodynamics, 

Pfaffenwaldring 38-40, 70569 Stuttgart, Germany 
(2) Institute of Thermodynamics and Thermal Engineering (ITW), Universität Stuttgart, 

Pfaffenwaldring 6, 70550 Stuttgart, Germany 
(3) Institute of Energy System Technology (INES), Offenburg University of Applied 

Sciences, Badstrasse 24, 77652 Offenburg, Germany 
Tel.: +49-711-6862-8044 
Fax: +49-711-6862-747 

Vitaliy.Yurkiv@dlr.de 
 
 

Abstract 
 
One of the main advantages of an SOFC is its ability of direct utilization of various fuel 
types, i.e. H2/H2O, CO/CO2 and hydrocarbons. It is, however, well known that operation of 
an SOFC with various fuels could cause various types of cell degradation. Therefore, the 
detailed (electro-)chemical investigation of degradation processes on electrode scale is 
certainly very important for the development of long-term operating SOFC technology.  
The present work contributes to the understanding of carbon (C) and nickel oxide (NiO) 
formation mechanisms at Ni/YSZ SOFC anodes by implementing, parameterizing and 
validating quantitative reaction mechanisms and transport models. The model is 
subsequently used to analyze literature experimental data, e.g., impedance spectra and 
voltage stability tests. The present approach incorporates elementary heterogeneous 
chemical reactions, electrochemical charge-transfer, multicomponent porous-phase and 
channel-phase transport, and cell degradation due to carbon and NiO formation [1]. 
Two crucial cases are considered for degradation of an SOFC due to NiO formation. The 
model successfully reproduces Ni oxidation by molecular oxygen or water from the gas 
phase (thermochemical) as well as oxidation by oxygen ions from the YSZ electrolyte, 
driven by a potential gradient (electrochemical). Results for nickel re-oxidation reveal 
conditions for safe operation, as well as kinetics for local NiO formation inside the 
electrode. Modeling the growth of a nickel oxide film on micro/nano scale, additionally 
allows determination of microstructural degradation based on NiO film thickness. 
The different types of solid carbon formed at/in a Ni/YSZ anode are assessed for 
evaluation of SOFC performance degradation. In particular, critical regions of surface-
layered and pyrolytic carbon existence were identified considering global and local gas-
phase and temperature variations. In addition, lifting of Ni particles (dusting), which occurs 
at high temperature and low current density, were assessed, resulting in main 
performance decrease. 
An important contribution of this work is the derivation of a new set of thermodynamic data 
for the relevant species (NiO and pyrolytic carbon), and reactions kinetics of carbon and 
NiO formation.  
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B0610 
 

Silicon poisoning of La0.6Sr0.4Co0.2Fe0.8O3-  
IT-SOFC cathodes 

 
 

Edith Bucher (1), Jörg Waldhäusl (1), Martin Perz (1), Werner Sitte (1), 
Christian Gspan (2) and Ferdinand Hofer (2) 

(1) Montanuniversitaet Leoben, Chair of Physical Chemistry 
Franz-Josef-Straße 18; 8700 Leoben/Austria 

(2) Institute for Electron Microscopy and Nanoanalysis (FELMI), Graz University of 
Technology & Graz Center for Electron Microscopy (ZFE), Austrian Cooperative Research 

(ACR); Steyrergasse 17; 8010 Graz/Austria 
Tel.: +43-3842-402-4813 
Fax: +43-3842-402-4802 

edith.bucher@unileoben.ac.at 
 

 
Abstract 

 
Compared to the well-known chromium poisoning, the degradation of intermediate 
temperature solid oxide fuel cell (IT-SOFC) cathodes by silicon poisoning has so far been 
rarely investigated. However, previous studies showed that Si, which can originate from 
glass seals and thermal insulation materials in the stack, causes a severe degradation of 
La0.6Sr0.4Co0.2Fe0.8O3-  (LSCF) [1,2] and similar mixed conducting IT-SOFC cathode 
materials [3,4]. In the present work long-term tests were performed by electrochemical 
impedance spectroscopy (EIS) under open cell voltage (OCV) conditions at 700°C in 
ambient air. A symmetric cell with screen printed LSCF electrodes was prepared on a 
dense Gd0.1Ce0.9O1.95-  (GDC) tablet. In the pristine state the cathode area specific 
resistance (ASR) was 0.6  cm². During 1000 h the cathode ASR increased by a factor of 
5, which may be attributed to changes in the surface elemental composition. In order to 
simulate the contamination of the cathode with silicon under well-defined conditions, a 10 
nm thick Si-layer was sputtered onto the LSCF electrodes. Subsequently, during additional 
1000 h at 700°C, a pronounced degradation occurred, which resulted in a total increase in 
the ASR by an additional factor of 5. Pre- and post-test analyses of the LSCF surface were 
performed by scanning electron microscopy (SEM) with energy-dispersive X-ray 
spectroscopy (EDX). The fresh sample showed the expected microstructure of a porous 
screen printed cathode. After 2000 h of testing at 700°C a nanocrystalline Si-rich layer was 
observed on the LSCF grains. No other microstructural changes in the grain size or 
porosity of the LSCF cathode were found. 
Further investigations by transmission electron microscopy (TEM) showed that the 
nanocrystalline layer is 25-50 nm thick. By analytical TEM studies the phase composition 
of the Si-rich zone could be resolved [5]. In comparison to the fresh LSCF surface, this 
layer consists of phases with a much lower electrical conductivity and a negligible oxygen 
exchange activity. It can therefore be concluded that even small amounts of silicon in the 
SOFC system which affect the first few nanometers of the cathode surface will cause a 
strong degradation in the cathode activity for oxygen reduction. 
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B0612 
 

Ni/YSZ microstructure optimization for long-term 
stability of solid oxide electrolysis cells 

 
 

Anne Hauch, Karen Brodersen, Filip Karas and Ming Chen 
Department of Energy Conversion and Storage, Technical University of Denmark 

Risø Campus, Frederiksborgvej 399 
DK-4000 Roskilde, Denmark 

Tel.: +45 21-36-28-36 
Fax: +45 46-77-58-58 

hauc@dtu.dk  
 
 

Abstract 
 

In the last decade there has been a renewed and increased interest in electrolysis using 
solid oxide cells (SOC). So far the vast majority of results reported on long-term durability 
of solid oxide electrolysis cells (SOEC) have been obtained using SOC produced and 
optimized for fuel cell operation; i.e. solid oxide fuel cells (SOFC). However, previous long-
term tests have shown that the stability behavior of the Ni/yttria-stabilized-zirconia 
(Ni/YSZ) fuel electrode may fall out quite differently depending on whether the cell is 
operated in fuel cell or electrolysis mode at otherwise similar test conditions. 
Initial work has shown significant microstructural changes of the Ni/YSZ electrode close to 
the electrolyte interface after long-term steam electrolysis test at -1 A/cm2 at 800 C. The 
results indicate that it will be advantageous to optimize the electrode structure with the aim 
of keeping the Ni particles in their required positions in the porous Ni/YSZ cermet close to 
the electrolyte. In this work we report cell tests and microstructures from reference and 
long-term tested SOEC with varied initial Ni/YSZ ratio with the aim of investigating the 
effect of changed Ni/YSZ ratio on long-term stability during steam electrolysis. 
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B0613 
 

Long-term Stability of Ni-YSZ Anodes Fabricated by 
Polymeric Precursor Infiltration 

 
 

Sanoop P. Kammampata, Aligul Buyukaksoy and Viola I. Birss 
Department of Chemistry  

University of Calgary 
Calgary, Alberta T2N 1N4, Canada 

Tel.: +1 (403) 220-7306 
Fax: +1 (403)289-9488 

birss@ucalgary.ca  
 
 

Abstract 
 

Infiltration of Ni nitrate solutions into pre-constructed ceramic matrices to form Ni 
nanoparticles has been considered to be a very promising approach for the construction of 
high performance Ni-YSZ (yttria stabilized zirconia) anodes that can also be tolerant to 
redox cycling. However, such anodes have been shown to suffer from a rapid loss of 
electrochemical performance and electrical conductivity, mainly due to the loss of 
connectivity between the Ni nanoparticles (with no significant particle growth) at 
temperatures above 600 °C. To address this issue, a polymeric NiO precursor solution, 
which forms a continuous film rather than aggregated nanoparticles upon decomposition, 
was used here to infiltrate pre-sintered porous YSZ scaffoldings. The effect of the 
microstructure of the YSZ matrix was determined by using two types of porous YSZ layers 
with controlled pore and grain sizes. It is shown that infiltration of NiO into porous YSZ 
containing small pores and small grains (~200 nm pores and grains) resulted in the best 
stability. Scanning electron microscopy images revealed that the changes observed in the 
electrical conductivity are accompanied and/or caused by Ni particle growth, unlike what 
has been reported for Ni-YSZ anodes prepared by other infiltration methods.  
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B0616 
 

Stability study of Au-Mo-Ni/GDC anodes for the Internal 
CH4 steam reforming reaction in the presence of H2S 

 
 

M. Athanasioua,b, D.K. Niakolasa* and S. G. Neophytidesa* 
aFoundation for Research and Technology, Institute of Chemical Engineering Sciences 

(FORTH/ICE-HT), Stadiou str. Platani, GR-26504, Rion Patras, Greece 
bDepartment of Chemical Engineering, University of Patras, GR-26504, Greece 

Tel: +302610965240 
Fax: +302610965223 

niakolas@iceht.forth.gr 
 
 

Abstract 
 

The present work refers to a first series of obtained results on how Au and/or Mo addition 
can affect the stability of modified Ni/GDC anodes for the reaction of internal CH4 steam 
reforming, in the presence of H2S. Specifically, it is shown that Ni/GDC is stable in the 
presence of 10 ppm H2S, but only in the case where 100 vol% of H2 is the anode feed. In 
the case where CH4 and H2O (diluted in Helium carrier gas) comprise the anode feed then 
at S/C = 2 or S/C = 0.13 ratios the performance of Ni/GDC shows severe degradation, 
while the Au-Mo-Ni/GDC anode has the best and most stable performance. 
 
Keywords: Au and/or Mo modified Ni/GDC anodes, H2S poisoning, Internal CH4 Steam 
Reforming, Solid Oxide Fuel Cells 
 

 11th European SOFC & SOE Forum 1 - 4 July 2014, Lucerne/Switzerland 

 
Durability and lifetime prediction Chapter 12 - Session B06 - 18/25   

 
 

B0617 
 

Experimental study of Biosyngas-SOFC integration 
 
 

Giovanni Cinti, Umberto Desideri, Arianna Baldinelli, Francesco Fantozzi 
Università degli Studi di Perugia, Dipartimento di Ingegneria 

93 via Duranti 
06100 Perugia / Italy 

Tel: +39-075-5853991 
laboratorio.fuelcell@unipg.it  

 
 

Abstract 
 

Solid Oxide Fuel Cells are able to process a wide range of fuels, even bio-syngas. 
The coupling of an efficient technology such as SOFC with a renewable energy source 
appears very promising. In particular, the use of wood downdraft gasifier syngas into a 
SOFC system has been studied. The main problem, however, are the high costs and the 
low efficiencies associated to the conversion of biomass into an intermediate fuel, 
especially when small-scale applications are concerned. Moreover, throughout the 
gasification process, a small amount of TAR is produced. In the fuel cell tar can act both 
as a fuel and as a contaminant, according to the concentration in the syngas stream. 

The first part of this work has been devoted to the acquisition of knowledge about 
all the techniques required. Button cells provided by SOFC Power were fed H2/N2 polluted 
with a model tar (toluene). Degradation was evaluated with a voltage measurement and 
SEM post-analysis. 

Then, SOFC button cells were operated on tar-laden simulated syngas, whose 
composition was determined as the average output of the pilot downdraft gasifier of 
Università di Perugia. Once more, toluene was set as model tar. Increasing toluene 
concentration in the feed gas, variations in SOFC performances have been observed. 
Eventual degradation was investigated using the previously acquired techniques. 
The ultimate purpose of this work is to assess the feasibility of a small scale Biomass 
Integrated Gasifier Fuel Cell (B-IGFC) able to convert biomass into electricity in the most 
cost-effective manner. Further tests will be carried out supplying the cell with real wood-
gas, without depriving it of the tar fraction, in the aim of reducing the cleaning-unit, which 
covers an important fraction of the plant total costs. 
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B0625 
 

Effects of the Operating Voltage on a Solid Oxide 
Electrolysis Cell 

 
 

Maria Navasa, Jinliang Yuan and Bengt Sundén 
Department of Energy Sciences 
Lund University, P.O. Box 118 

22100 Lund / Sweden 
Tel.: +46-46-222-4105 
Fax: +46-46-222-4717 

Maria.Navasa@energy.lth.se 
 
 

Abstract 
 

Hydrogen is a promising fuel for an improved utilization of renewable energy sources. 
Despite the fact that nowadays hydrogen is mainly obtained through reformation of 
hydrocarbon compounds, other procedures based on the green energy concept can be 
strong alternatives.  
 
Solid oxide electrolysis cells (SOECs) are one of the most promising technologies for high 
temperature electrolysis, a process which allows obtaining hydrogen independently from 
carbon compounds and when coupled to existing power plants or other green energy 
sources, the required electric power is lower than in other competing processes working at 
a low temperature. 
 
In this study, the effect of the operating voltage on a single SOEC cell is analysed based 
on a 3D computational model by the finite volume method (FVM) using the commercial 
code ANSYS FLUENT 14.5. The governing balance equations for heat, charges, species 
and momentum transport are coupled to the electrochemical reactions. The boundary 
conditions employed and the methods to evaluate the effective transport properties are 
outlined and discussed. Only water is considered as the fuel for a single cathode-
supported planar SOEC operating under cross-flow configuration arrangement.  
 
The predicted temperature distribution in the cell reveals a strong relationship between the 
operating voltage and the three different thermal operating modes of an SOEC: 
endothermic, exothermic and thermo-neutral. Furthermore, the temperature profiles at the 
cathode active layer, fuel and air channels are presented and discussed. 
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B0901 
 

Isolating the influence of microstructural and strain 
properties on the oxygen ion transport in YSZ thin films 

 
 

George F. Harrington1, Andrea Cavallaro1, Stephen J. Skinner1, David W. McComb2,1 
and John A. Kilner1 
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Abstract 
 
In recent years, there have been a number of conflicting experimental investigations on 
thin films of yttria-stabilised zirconia (YSZ), with the reported conductivity ranging from an 
enhancement of orders of magnitude [1] to a modest reduction compared to bulk behavior 
[2]. Improvements in the transport properties are often attributed to an expansive lattice 
strain and regular networks of dislocations at the interface, yet compelling evidence 
remains elusive. In addition, electrical measurements on such films only provide a 
measure of the total charge transport leaving an ambiguity about the nature of the charge 
carrier.  
We have fabricated highly textured YSZ thin films onto MgO and sapphire single crystals 
using pulsed laser deposition (PLD). These correspond to a range of lattice mismatches, 
and have been grown at a number of thicknesses in order to isolate interfacial effects. 
Using x-ray diffraction (XRD), secondary ion mass spectroscopy (SIMS), and high-
resolution transmission electron microscopy (HR-TEM) the structural and chemical 
properties of the thin films have been characterised. Electrochemical impedance 
spectroscopy (EIS) combined with isotope tracer diffusion will be shown to directly and 
unambiguously measure the oxygen ion transport properties.  This allows compositional, 
micro- and nano-structural variations observed in the film interfaces to be associated with 
changes in the conduction properties.  We will present evidence to show that a regular 
dislocation network at YSZ/substrate interfaces does not in fact drastically alter the 
conduction properties despite being linked to enhanced conduction properties previously 
[1, 3]. 

  
 

 

Figure 1.  (a) HR-TEM 
image of YSZ film 
grown on an MgO 
substrate. (b) Fourier 
filtered image (a) 
revealing a dislocation 
network.  (c) 18O tracer 
diffusion profile in a YSZ 
film.  The inset shows 
an 18O ion map. 
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Abstract 
 

Surfaces decorated with nanoparticles play a key role in many fields including renewable 
energy and catalysis and are typically prepared by deposition techniques. Here we show 
that, alternatively, particles could be grown in situ, directly from a perovskite oxide support 
though judicious choice of composition, particularly by tuning deviations from the ideal 
ABO3 stoichiometry. This concept seems to enable unprecedented control over particle 
composition, size, distribution, surface coverage and anchorage, and may serve to design 
sophisticated materials for several applications beyond fuel/electrolysis cells.  
The potential and versatility of this concept are illustrated though various examples, while 
also highlighting the key factors that enable one to control and tailor this phenomenon. 
Specific examples include improved metal-ceramic interfaces for metal-supported solid 
oxide fuel cells and H2 production from high temperature steam electrolysis with in situ 
exsolution of catalytically active nanoparticles during operation. 
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Abstract 
 

The electrochemical performance and stability were performed on A-site deficient La- and 
Ca-doped SrTiO3 (La0.2Sr0.25Ca0.45TiO3) (LSCTA-) anode-supported fuel cells with metallic 
catalysts infiltrated into the porous anode structure at 700oC in humidified hydrogen (3 
vol% H2O). The cell performance has been improved by the nickel infiltration to the bare 
LSCTA- because of its superior catalytic activity towards fuel oxidation. In particular, the 
substitution of 25 wt% Fe to Ni enhances the power density, compared to the Ni-
impregnated cell. From the comparison of the stability testing for the three cells, a rapid 
degradation is observed on the non-impregnated cell. In this case, the degradation 
mechanism has so far been attributed to the re-oxidation of the scaffold under relatively 
high oxygen partial pressure resulted from the transporting oxygen ions at the low 
voltages. The addition of catalyst demonstrated a more stable status compared to bare 
LSCTA- after the first 20-h operation. The cell with Ni-Fe composite catalyst shows even 
slower degradation than nickel-impregnated fuel cell. The degradation of the impregnated 
cells is always attributed to the growth and sintering of the catalyst particles on the surface 
of the scaffold under working condition. However, our result shows that the interaction 
between backbone and catalyst may cause an additional deterioration of catalytic activity 
by modifying the surface of the metal particles. 
High-resolution electron microscopy techniques have been utilized, allied with ion beam 
preparation to preserve fine structure on the cross-sections and interfaces, allowing a 
detailed survey over large areas of infiltrated anode so developing an improved 
understanding of how these anode structures behave and mature during cell operation.  
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Abstract 
 

Solid oxide cells (SOCs) have been considered as one of the promising technologies, since they 
can be operated efficiently in either electrolysis mode by producing hydrogen through steam 
electrolysis or fuel cell mode to generate electricity by electrochemically combining fuel with 
oxidant [1-3]. However, (La0.75Sr0.25)0.95MnO3 (LSM)-YSZ (8 mol.% yttria stabilized 
zirconia)/YSZ/Ni-YSZ SOCs fabricated by traditional method has been found to be limited in either 
SOFC or SOEC mode. To improve the cell performance, a phase-inversion method has been 
utilized to optimize the micro-tubular SOC (MT-SOC) hydrogen electrode microstructure, as show 
in Fig. 1 (a1, a2). The asymmetric-porous hydrogen electrode possesses a thin small finger-like 
porous layer (~15 
where electrochemical reactions take place, and a thick porous layer with large finger-like pores 
providing effective fuel delivery to the electrode functional layer. When the MT-SOC was operated 
in electrolysis mode at 900oC with an applied voltage of 1.3 V, current density of 2.57 A/cm2 was 
obtained at 80 vol.% absolute humidity (AH) (Fig. 1 b2). It is significantly higher than the cell 
prepared by traditional method with current density of 1.82 A/cm2 under 1.3 V applied voltage and 
80 vol.% AH at 900oC [3]. Also, it was observed that the mass transport limitations have been 
mitigated, due to the large finger like channel beneficial to the fuel delivery efficiency while the 
small finger like layer favorable to the electrochemical reaction. 

 
Fig. 1. Cross-sectional SEM images (a1, a2), impedance sprectra and voltage-current density curves 
(a2, b2) of the MT-SOEC.  
Keywords: Solid oxide cells; electrolysis; hydrogen production; phase-inversion;  
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Abstract 
 

Microstructure has an important influence on the performance of SOFC electrodes. In 
recent years considerable progress has been achieved in describing microstructure 
parameters (e.g. TPB, tortuosity, particle size distributions) on a quantitative level based 
on high-resolution tomography. However, the performance of fuel cell electrodes is based 
on a complex interplay of various transport and electrochemical processes. Hence, in 
order to unravel the influence of microstructure (and microstructure degradation) on the 
electrode performance, it is not sufficient to just quantify the critical microstructure 
parameters, but also to incorporate these parameters into models that allow simulation of 
electrode reaction mechanism including the complex interplay of various physico-chemical 
processes.  
In this study we first present the recent progress in the elaboration of the relationship 
between effective transport properties with the transport relevant parameters (i.e. 
percolating phase volume fraction, tortuosity, constrictivity, size distributions of particle 
bulges and bottlenecks). Furthermore a model was developed to simulate the complex 
reaction mechanism of Ni-YSZ anodes. This model is capable to incorporate all relevant 
microstructure parameters that influence charge transport (ionic, electric) and charge 
transfer (fuel oxidation). The model allows distinguishing between different components of 
the ASR, which are related either to limitations of charge transport (ionic, electric) or 
charge transfer (electrochemistry) within the anode. 
In literature the influence of active reaction sites (i.e. TPB) is strongly emphasized. In the 
present paper we also focus on limitations in charge transport due to microstructure 
effects. Examples are presented which highlight the effects of grain size on the effective 
electric and ionic conductivity and corresponding anode performance. The data are 
compared with experimental data from EIS. 
The presented methodology gives new insight on the effects of microstructure variation, 
because it links critical microstructure parameters with anode performance and with the 
associated ASR components from different rate limiting processes. 
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Abstract 
 
Due to the thermal expansion mismatch between the layers of a Solid Oxide Cell, residual 
stresses (thermal stresses) develop during the cooling after sintering. Residual stresses 
can induce cell curvature for asymmetric cells but more importantly they also result in 
more fragile cells. Depending on the loading conditions, the additional stress needed to 
break the cells can indeed be smaller due to the initial thermo-mechanical stress state. 
The residual stresses can for a bilayer cell be approximated by estimating the temperature 
at which elastic stresses start to build up during the cooling, i.e. the reference temperature 
(Tref) or the strain difference based on the curvature. This approximation gives good results 
for bilayers with a defined cooling temperature profile, where the curvature of the bilayer 
defines a unique balance between the two unknown residual stress states in the two 
layers. This methodology is however not valid for more layers, as several configurations of 
residual stresses in the layers can result in the same curvature. Therefore the 
development of residual stresses of co-sintered multilayer cells during the cooling after 
sintering is here studied by a finite element model simulation taking into account the elastic 
response and creep of each layer. The model is validated by measuring the curvature and 
residual stresses of multi-layer cells. 
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Abstract 
 

The efficiency and lifetime of solid oxide fuel cells (SOFCs) is compromised by mechanical 
failure of cells in the system. Improving the mechanical reliability is a major step in 
ensuring feasibility of the technology. To quantify the stress in a cell, mechanical 
properties of the different layers need to be accurately known. Since the mechanical 
properties are heavily dependent on the microstructures of the materials, it is highly 
advantageous to understand the impact of microstructures and to be able to determine 
accurate effective mechanical properties for cell or stack scale analyses. The purpose of 
this work is to provide such a link. State-of-the-art SOFCs are supported by a porous layer 
of Ni-3YSZ which has a complex microstructure and a drastic difference in behaviors 
between their phases. This work investigates the microscopic stress distribution and 
macroscopic creep rate of porous Ni-3YSZ in the operating temperature through numerical 
micromechanical modeling. Three-dimensional microstructures of Ni-3YSZ anode supports 
are reconstructed from a two-dimensional image stack obtained via focused ion beam 
tomography. Time-dependent stress distributions in the microscopic scale are computed 
by the finite element method. The macroscopic creep response of the porous anode 
support is determined based on homogenization theory. It is shown that micromechanical 
modeling provides an effective tool to study the effect of microstructures on the 
macroscopic properties. 
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Abstract 
 

A phase field method was introduced to simulate the microstructural evolution of nickel-
yttria stabilized zirconia composite anode of solid oxide fuel cell in high temperature 
sintering based on three-dimensional microstructures reconstructed by focused ion beam-
scanning-electron-microscopy technique. Nickel phase morphology change and its crystal 
structure evolution were simulated simultaneously. In order to quantitatively study the 
correlation between anode microstructure change and the anode electrochemical 
performance degradation, the evolution of three-phase boundary density and nickel 
specific surface area were calculated. Degradation experiments have been conducted to 
compare with the simulation results. The experimental results showed good agreement to 
the simulation results. 
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Abstract 
 

A metal-supported SOFC (MSC) has been developed with the aim of an application in an 
auxiliary power unit (APU) for mobile systems. This cell design is expected to be more 
robust towards thermo-, mechanical- and chemical stresses that arise during operation of 
the SOFC-system when compared to the state-of-the-art anode supported cells (ASC). 
One of the most important cell degradation pathways is the (partial) oxidation of the anode, 
due to oxygen diffusion into the fuel side of the stack during system shutdown. The 
oxidation of the nickel catalyst leads to an expansion of the anode and strain is induced 
within the cell, which might result in microstructural degradation if a critical degree of 
oxidation is exceeded. MSC-halfcells were exposed to cyclic oxidation conditions by 
introducing air to the fuel side electrode followed by subsequent reduction in Ar/H2 (4%). A 
detailed microstructural analysis of the samples is presented. Due to the novel MSC-
concept, a higher critical degree of oxidation of nickel is tolerated before irreversible 
damage and cell failure are observed. 
 

 
 
Figure 1: SEM picture of a cross section of a metal supported SOFC half-cell without 
cathode as prepared by Plansee SE. 
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Abstract 
 
The ability to predict the lifetime performance of an SOFC can give guidelines for where 
improvements and alterations can be made in terms of production, operating parameters 
and cell design.  Multiple attempts have been made to implement models which can 
respond to all the varying parameters to give their characteristic performances over longer 
operational lifetimes than is feasible to physically test. 
 
This study focuses on continuous degradation mechanisms and the impact they have on 
the components of a single repeating unit level, i.e. the anode, cathode, electrolyte, metal 
interconnect and sealants. Currently the model being developed deals specifically with 
anode and electrolyte degradation. Depending on operating conditions, SOFC cells suffer 
from Ni particle agglomeration, coarsening, and volatilisation which lead to increased 
overpotential in the anode. A loss in the ionic conductivity in the electrolyte is also 
observed. 
 
Using models derived for these degradation mechanisms combined with percolation 
models, Matlab® coding has been developed to outline the loss of performance in a single 
repeating unit for a given set of operating parameters. These equations will be tested 
against real life data to establish their validity and, where necessary, adjusted for 
accuracy.  Further progress will allow for accelerated testing of components and cells to 
determine the long term performance of a given material alteration or design change. 
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Abstract 
 

The typical weak point of existing SOFC cell-level models is the evaluation of the electrode 
effective properties, performed by using simple percolation models or by fitting the 
microstructural parameters on the polarization curves. In this study we present an 
integrated approach which incorporates a detailed microstructural modeling into the cell-
level model. The three-dimensional microstructure of each porous layer is numerically 
reconstructed with packing algorithms for an accurate prediction of the effective properties. 
The predicted effective properties are used in a two-dimensional electrochemical model, 
based on conservation equations written in continuum approach, which describes 
transport and reaction phenomena within the cell. The integrated approach allows the 
prediction of the polarization behavior from the knowledge of operating conditions and 
powder characteristics, eliminating the need for empirical correlations and adjusted 
parameters. The simulation of a short stack of anode-supported cells, developed and 
tested by Forschungszentrum Jülich, shows that a quantitative agreement with 
experimental data can be obtained without fitting any parameter. The proposed integrated 
model can be an attractive predictive tool for assisting the SOFC development. 
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Abstract 
 
Solid Oxide Fuel Cells (SOFCs) are now increasingly recognized as scalable within a 
broad range of power densities; from a few watts (e.g. small portable applications) to 
several hundred of Kilowatts (stationary applications). There is an increasing interest in 
militubular SOFCs in mobile and portable application because of their numerous 
advantages such as higher mechanical-thermal stability, simpler seals, higher power 
densities per unit volume and shorter start-up/shut-down times compared with other 
designs [1].  
This work presents the cell performance and degradation of single mSOFCs fabricated by 
high shear extrusion in the intermediate range of temperatures (T<700ºC) and dip coating. 
These mSOFCs are used in the FCH JU funded SAPIENS project which aims to develop a 
100W portable system for a recreational vehicle [2]. The performance of a 20cm2-SOFC at 
700ºC was measured. OCV values of 1.1V, close to the theoretical value, confirm fully 
dense electrolytes and good sealing between the tubes and the test rig. Power of ca. 4W 
and above was achieved under pure H2 and air atmospheres (power density of 
200mW/cm2) at operation condition. According to the measurements, a total current of 15 
A at 0.4V providing 7W by a single cell with a fuel utilization of 30 %. A galvanostatic long-
term degradation tests was carried out in this work at 6A and 200ml/min of pure H2 , which 
results in a fuel utilization values around 30%,  showing stable and almost constant 
voltages for 250 hrs. The performance shown by the mSOFCs, together with the excellent 
thermo-mechanical properties opens a new avenue for the realization of SOFCs in 
portable applications, unachievable up-to-now.  
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Abstract 
 
Local high Fuel Utilization (FU) in a SOFC stack is considered as a rather common 
operation dysfunction that can hardly be detected. However, as it is liable to cause the re-
oxidation of Ni within the anode, it can start a degradation process that may turn to be 
irreversible. Indeed, the re-oxidation is connected to a loss of nickel surface where the 
hydrogen oxidation reaction takes place. In the frame of the EU Design project, a 
dedicated experimental approach has been defined to emphasize this high FU dysfunction 
in order to identify its characteristic signature and then detect it upon operation. The 
experimental protocol for simulating and controlling the high FU fault is based on either an 
increase of the current density maintaining gas flows constant or a decrease of the gas 
flows maintaining the current density constant. These FU excursions are progressive in 
their severity with a systematic return to nominal operation conditions between each step. 
At single cell level, the two ways for increasing FU have been tested successively (Fig 1) 
under pure hydrogen and synthetic reformate composition with FU up to 0.9. Both ways 
result in similar reversible electrochemical answers that are essentially an increase of 
concentration polarization, the appearance of a limiting current density which value 
decreases when increasing FU. These effects are clearly correlated with Electrochemical 
Impedance Spectroscopy diagram evolution in the low frequencies domain. Further 
increase of the severity of the test protocol or coupling high FU fault with other type of fault 
such as leakage is found to be necessary to induce detectable damage and to highlight an 
electrochemical signature.  

  
Figure 1: Cell voltage as a function of time varying the FU condition (reported on the curve) at T=750°C, first by increasing 

current density and second by decreasing fuel flow rate, performed under dry H2 (left), synthetic reformate (right). 
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Figure 1. Reconstructed 2D 
slice of microtubular cell 

acquired by X-ray 
microtomography 
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Abstract 
 

The electrochemical performance of solid oxide fuel cells (SOFC) electrodes is strongly 
influenced by their microstructure [1]. Non-destructive X-ray tomography is a key 
technique for studying fuel cell electrodes as two dimensional imaging does not capture 
the full complexity of the microstructures involved [2]. Previously, SOFCs have been 
difficult to study in operando due to the geometry of the devices, as well as the 
temperature and gas sealing requirements. In this work we present a novel experimental 
design that allows both X-ray tomography and diffraction to be performed on an operating 
microtubular fuel cell. When coupled with electrochemical techniques, this approach allows 
for the relationship between operating conditions and microstructural evolution to be better 
understood. The tomography data can also then be used to inform targeted X-ray 
diffraction scans, which allows the stoichiometry of the 
external electrode to be investigated as a function of distance 
from the electrolyte.  
 
The fuel cells in this study were found to have an engineered 
hierarchical pore structure on the anode side. The tortuosity 
factors of this material were quantified using a simulated 
diffusion approach [3], which had to be modified for the 
tubular cell geometry considered. The calculated tortuosity 
factors were found to be very sensitive to the control volume 
analysed. This parameter, along with several others, 
including the specific surface area, could potentially be used 
in an Adler, Lane and Steele [4] type model, enabling the 
performance of the cell to be predicted and compared with 
the experimental electrochemical data.  
 
[1] C. Peters, Grain-Size Effects in Nanoscaled Electrolyte and Cathode Thin Films for 

Solid Oxide Fuel Cells (SOFC), KIT Scientific Publishing, 2009. 
[2] J. Joos, M. Ender, T. Carraro, A. Weber, E. Ivers-Tiffee, Electrochim Acta, 82 (2012) 

268-276. 
[3] S.J. Cooper, D.S. Eastwood, J. Gelb, G. Damblanc, D.J.L. Brett, R.S. Bradley, P.J. 

Withers, P.D. Lee, A.J. Marquis, N.P. Brandon, P.R. Shearing, J Power Sources, 
(2013). 

[4] S.B. Adler, J.A. Lane, B.C.H. Steele, J Electrochem Soc, 143 (1996) 3554. 
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Abstract 
 

The Triode design, consists of a cell with three-electrodes: anode, cathode and auxiliary 
circuit (Fig. 1). While the anode and the cathode work in conventional SOFC-mode, the 
auxiliary circuit can be operated in electrolytic mode. In this way the anode or cathode of 
the cell can be forced to operate at controlled potential differences that are inaccessible 
under standard operation. Triode operation is especially advantageous when a significant 
anodic overpotential is present, as is expected to be the case with natural gas and 
gasoline fuelled SOFCs.  
The present work is focused on the correlation between the electrochemical behaviors of 
the two circuits. It was observed that when the two circuit are tested independently, they 
display exactly the same performances. However, the open circuit voltage of each circuit 
changes significantly when the second circuit is polarized. Moreover, the application of a 
SOE conditions on the auxiliary circuit significantly affect the activation loss of the primary 
circuit running in SOFC-mode. This behavior was observed to be strictly related to the 
resistances associated to the two circuits and to the change of gas partial pressures 
induced by the triode operation. 
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Fig. 1. Electrochemical setup for triode measurements including the cathode (circuit 1) 

and Auxiliary electrode (circuit 2). 
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Abstract 
 

Solid oxide electrolysis cells (SOECs) offer a great potential for large scale conversion of 
renewable electrical energy into chemical energy via electrolysis of H2O and CO2 to 
produce syngas (H2 + CO). The produced syngas can be further catalytically converted 
into various gaseous or liquid hydrocarbon fuels, which is normally performed at high 
pressure to achieve a high yield. Operation of SOECs at elevated pressure will therefore 
facilitate integration with the downstream fuel synthesis and is furthermore advantageous 
as it increases the cell performance. In this work, recent pressurised test results of a 
planar Ni-YSZ (YSZ: Yttria stabilized Zirconia) supported solid oxide cell are presented. 
The test was performed at 800 C at pressures up to 15 bar. A comparison of the 
electrochemical performance of the cell at 1 and 3 bar shows a significant and equal 
performance gain at higher pressure in both fuel cell mode and electrolysis mode. In 
electrolysis mode at low current density, the performance improvement was counteracted 
by the increase in open circuit voltage, but it has to be born in mind that the pressurised 
gas contains higher molar free energy. Operating at high current density is in particular 
more beneficial when operating the SOEC at increased pressure. 
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Abstract 
 

Steam-electrolysis over 8000 h with an electrolyte supported solid oxide cell (SOC) is 
reported. The large area cell (45 cm2) consists of a scandia/ceria doped zirconia 
electrolyte (6Sc1CeSZ), CGO diffusion-barrier/adhesion layers, a lanthanum strontium 
cobaltite ferrite (LSCF) oxygen electrode, and a nickel steam/hydrogen electrode. Initial 
short term operation was done under current densities of j = -0.5 and -0.7 Acm-2 during 
1000 and 1500 h, respectively. Thereafter, the current density magnitude was increased to 
|j| = 0.9 Acm-2, a high value for long-term SOC testing in general, independent of the 
operation mode, fuel cell or electrolyser cell. A steam conversion rate of 51 % for j = -0.9 
Acm-2 led to an initial cell voltage of 1.2 V for 847°C cell temperature. The cell is operated 
so far during more than 5500 h at that current density (running experiment) with an about 
linear voltage degradation of 0.5 %/1000 h (7 mV/1000 h). 
Cell degradation is below the lowest available values for (H2) electrode supported cells 
measured under similar current density and similar or lower steam conversion. An 
operation time of several years, sufficient for practical electrolyser demonstration, is 
extrapolated with improved reliability due to the long testing time. The initial cell voltage of 
the electrolyte supported cell is ~0.2 V above the one of typical (H2) electrode supported 
cells; however, the difference diminishes during long-term operation as consequence of 
lower degradation. Moreover, the rather stable cell voltage close to the thermal neutral 
voltage (Uth ~1.3 V) will facilitate the thermal management in the cell-stack environment. 
Impedance spectroscopy was applied in-situ (i.e. without interrupting the steady-state DC 
current) for degradation analysis. In the available measurement frequency range (up to 
~10 kHz) degradation was found to be only caused by an increasing ohmic resistance 
attributable mainly (if not completely) to a decrease of ionic conduction in the electrolyte. 
No indication for (non-ohmic) electrode degradation could be detected (for j = -0.9 Acm-2). 

 11th European SOFC & SOE Forum 1 - 4 July 2014, Lucerne/Switzerland 

 
SOE cells and stacks Chapter 16 - Session B13 - 4/20   

 
 

B1303 
 

Experimental evaluation of controlled gas leakages 
effects in SOFC and SOE modes  

 
 

B. Morel, A. Moutte, M. Reytier 
French Alternative Energies and Atomic Energy Commission CEA-LITEN 

17, rue des martyrs 
 38054 Grenoble cedex 9 

Tel.: +41-56-987-1234 
Fax: +41-56-987-1235  
bertrand.morel@cea.fr 

 
Abstract 

 
Gas leakages in a SOFC (Solid Oxide Fuel Cell) or SOE (Solid Oxide Electrolysis) stacks 
are considered as one of the major events that leads to degradation of long term 
performances. In SOFC mode it can induce local anode oxidation, current limitations 
(voltage drop) and an increase of the local temperature. Even if it can easily be detected 
by a decrease of OCV under pure H2, there are few strategies to recover gas tightness 
and performances. In SOE mode gas leakages can also be responsible for local cathode 
oxidation, decrease of H2 production, and increase of the local temperature. However it is 
not easy to detect it by OCV changes because of the large amount of steam. These 
degradations caused by gas leakages are considered as irreversible.  
A dedicated experimental setup with a circular geometry is developed to implement 
controlled gas leakages and evaluate their impact on cell performances. In a glass-sealed 
H2/H2O chamber, four capillary tubes are implemented along the diameter of the cell in 
order to introduce by purpose a localised O2/N2 mixture. The flow rate of O2/N2 is 
controlled and localised on the surface of the cermet, allowing qualifying and quantifying 
its impact on OCV and performances of the cell in SOFC and SOE modes. It appears that 
OCV is more impacted in SOFC mode than in SOE mode due to the use of pure H2 in 
SOFC. In the two modes gas leakages near the inlet induce a more pronounced decrease 
of the OCV. When I-V curves are plotted in SOFC mode it is shown that cell performance 
is decreased by a decrease of the limit current and it is more impacted when the gas 
leakage is generated near the inlet. In SOE mode I-V curves are artificially improved by 
adding a small amount of O2/N2 that generates additional steam and especially near the 
inlet. This result emphasizes the need of carefully measuring H2 production at the outlet 
when tests are performed in SOE mode.  
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Abstract 
 

Stacks of solid oxide cells which can be run as both electrolysers and fuel cells have been 
tested for robustness towards simulations of stress conditions which are likely to occur 
during operation of solid oxide electrolysis systems, for which the energy supply comes 
from renewable sources, such as wind mills and solar cells. Such conditions are thermo 
mechanical stress conditions as well as loss of fuel and air supply. The cells have Ni/YSZ 
fuel electrodes, YSZ electrolytes, and LSCF oxygen electrodes with a CGO barrier layer. 
In the stacks the cells are separated by chromium rich steel interconnects. The robustness 
tests of stacks are one step in the development of a SOECCore; the core component in a 
SOEC system, including one or more SOEC stacks, heaters, heat exchangers, insulation, 
and feed troughs. 
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Abstract 
 

High Temperature Steam Electrolysis (HTSE), based on solid oxide electrolysis cells 
(SOEC) is a very promising way to produce massively hydrogen with high efficiencies. 
This technology also allows producing (H2 + CO) by electrolyzing a mix of steam and CO2. 
This syngas constitutes the basic unit to obtain further synthetic fuels as storage of 
renewable energies. But if the main HTSE challenges are still to increase performances 
and durability to decrease the cost, the co-electrolysis of steam and carbon dioxide has 
also to manage the output ratio H2 versus CO according to the targeted fuel.  
With these purposes, a thin stack is proposed, including advanced cells with LSCo anode 
and also new sealing solutions. This stack design leads to high level of performances up to 
-1.8 A/cm² at the thermoneutral voltage at 800°C for a 100 cm² active surface. Despite 
significant pressure drops, this sealing configuration, based on mica and ceramic glass, 
allows collecting 100% of the gas production. Moreover, this stack design is able to run 
without any anodic gas sweep. The performances of this design are presented both in 
steam electrolysis mode and in co-electrolysis mode at 25-cells stack level. A focus is 
realized on this stack design that produces 1.7 Nm3/h of hydrogen at 800°C below 1.3V for 
all the cells and a steam conversion of  50%. Finally, for several co-electrolysis conditions, 
the output compositions are analyzed and discussed, by comparing with simulations. 
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Abstract 
 

Hydrogen production through water electrolysis can be used to store surplus renewable 
electricity in fuels in a large scale and for a long period of time, which is considered 
necessary to increase significantly the grid penetration of wind or solar power. Coupling 
electrolysis directly with intermittent renewable electricity dictates the operation of 
electrolyzers under transient conditions. In comparison to alkaline and PEM electrolyzers, 
high temperature electrolyzers based on solid oxide cells can offer a higher energy 
conversion efficiency. However, the capability of transient operation of solid oxide 
electrolyzers remains to be approved. In the present work an electrolyzer stack containing 
five solid oxide cells has been operated under current cycling conditions (totally 6 blocks of 
cycling for an accumulated duration of over 720 h) after a static operation phase of 1000 h. 
Two cycling speeds have been applied simulating either an ON/OFF operation mode or a 
slowly changing power input. Three cycling depths with different maximum current 
densities have been used to evaluate the thermal effect. Results indicate that the stack 
can tolerate well the first 4 blocks of cycling operation where the maximum current density 
was -0.6 A cm-2. The last 2 blocks of cycling between 0 and -0.84 A cm-2 led to most 
probably unstable electrical contacts of two repeating units in the stack, which could be 
caused by the strong temperature oscillation induced by the high operating voltage at the 
maximum current density. Since such kind of extremely exothermal conditions can be 
avoided by operating the stack close to the thermoneutral mode, the present work has 
shown preliminarily the feasibility to operate solid oxide electrolyzers under transient 
conditions. 
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Abstract 
 

In future there will be a strong demand of a large capacity rechargeable battery to store 
electrical energy for long-term stationary applications (e.g. from renewable power sources) 
[1]. A high temperature metal/metal oxide battery is a combination of solid oxide fuel cell 
(SOFC) technology with a metal/metal oxide storage system [2]. Such a type of battery 
promises charging and discharging capacities of more than 250 W/cm2 [3]. The solid oxide 
cell (SOC) must be able to run in a fuel cell and electrolysis mode. The cell performance 
and behavior at operating conditions should be well known for obtaining a long and stable 
cycle lifetime of such a battery system. The cell behavior at fuel cell and electrolysis mode 
was investigated at 800 °C as function of humidities. Current-voltage measurements at 
different humidity show that high electrical-to-hydrogen energy conversion efficiencies are 
achieved. For example in single cell tests current densities around -1.8 A/cm2 at cell 
voltage of 1.4 V and 800 °C for the electrolysis mode were reached. In addition the cells 
show stable current-voltage curves during cycling between fuel cell and electrolysis mode 
at short cycling times between 2.5 h and 5 h. The results also show that the amount of 
steam content is the limiting factor for the electrolysis mode. At least a strong efficiency 
loss below 50 % steam content can be observed. In future current-voltage measurement 
will be coupled with impedance spectroscopy, in order to identify the different loss terms in 
cell behavior during the fuel cell and electrolysis mode. 
 
[1] A. Brisse, J. Schefold, M. Zahid, Int J Hydrogen Energ 33 (2008) (20) 5375. 
[2] A. Inoishi, S. Ida, S. Uratani, T. Okano, T. Ishihara, Rsc Adv 3 (2013) (9) 3024. 
[3] W.W. Drenckhahn, H. Greiner, M. Kühne, H. Landes, A. Leonide, K. Litzinger, C. 

Lu, C. Schuh, J. Shull, T. Soller, ECS Transactions 50 (2013) (45) 125. 
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Fig.1: Cycling experiments of two different single cells a) III 0715-3 and b) II 0099-2 for 10 
cycles at 50 % steam content and 800 °C. 
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Abstract 
 

Electrical power generation from biogas is a constantly growing market in Germany but 
suffers from low electrical efficiency below 40 % in the power range less than 100 kWe [1]. 
Fluctuating quality and/or low CH4 content reduce operation hours and economical and 
ecological benefit. Solid oxide fuel cell (SOFC) systems provide electrical efficiencies 
above 50 % even for small-scale units or low-calorific biogas. 
In collaboration with The Fuel Cell Research Center ZBT GmbH, Duisburg, CUTEC has 
developed a biogas fed SOFC-system with an electrical power output between 850 and 
1,000 We and demonstrated electrical gross efficiencies between 48 and 59 %, depending 
on the CH4 content. Reformate gas was generated by a combined steam and dry-
reforming process of CH4, using the intrinsic CO2 of the biogas and supplemental water, 
added from external sources. Stable operation was confirmed during a 500 h test with 
synthetic biogas. 
The control strategy has to handle the existing fluctuations in the biogas composition. 
Different approaches have been evaluated for the given SOFC system concept. To 
determine their influence on power output and system efficiency four options were 
experimentally tested for synthetic biogas mixtures containing between 50 and 80 Vol.-% 
CH4: 

a) Constant flow rates of biogas and water 
b) Constant flow rate of biogas and control of water flow rate for a constant 

O/CRef   
c) Control of biogas flow rate for constant chemical power input and constant 

water flow rate 
d) Control of biogas flow rate for constant chemical power input and control of 

water flow rate for a constant O/CRef 
Each control mode demands for specific measurement and testing technologies, thus 
influencing system complexity and costs. 
The presentation will compare the electrical power output and system efficiency for the 
different control strategies. In addition, economical implications of power generation with 
SOFC-systems compared with common CHP units will be discussed. 
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Abstract 
 

One of the solutions offered for energy storage is to convert the excess of electricity 
coming from intermittent renewable energy sources into syngas, based on the co-
electrolysis of water and carbon dioxide. Further processes make possible to produce a 
wide range of synthetic hydrocarbons. The aim of this work is to investigate the idea of  
producing synthetic methane to be fed into the natural gas grid. 
This study is focused on the development of a system model which simulates the high 
temperature co-electrolysis in a Solid Oxide Electrolysis Cell (SOEC) and the following 
Methanation processing section until to the final product (synthetic Methane). The plant 
was designed with the Aspen PlusTM software and thermodynamic and exergetic analysis 
have been performed. 
The SOEC system optimization has been achieved considering the best syngas 
composition feeding the Methanation process; the parameter considered for the analysis is 
the ratio [(H2-CO2)/(CO+CO2)], and the highest conversion in methane has been reached 
for a value around 3. 
For the Methanation section efficiency improvements that can be achieved by changing 
the configuration and the cooling method of the reactors (when compared to conventional 
processes) are discussed. 
The effects of temperature, pressure and other parameters on the overall system 
efficiency have been investigated through sensitivity analysis. 
Since Methanation process is strongly exothermic, a thermal integration with the SOEC for 
the waste heat recovery is possible, and a heat exchanger network has been developed. 
The percentage of CH4 in the final product obtained with the optimized configuration is 
higher than 98%. 
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Abstract 
 

The effort to develop an efficient and smart energy storage pathway becomes fundamental 
for a further growth of renewable energy sources. Solid oxide electrolysis cells (SOEC) 
may represent a promising solution to store into large scale excess renewable energy 
synthetic fuels. Thanks to an external electrical source, the co-electrolysis of water and 
carbon dioxide to H2 and CO at high temperatures can be achieved with SOEC devices. 
The resulting syngas can be then upgraded into a valuable gaseous or liquid fuel. 
This work aims to build a thermodynamic model able to describe the electrochemical 
production of syngas by means of an SOEC and a catalytic process for the upgrade of the 
syngas into DME. The whole system has been optimized after thermodynamic and 
exergetic analysis. 
The composition of the syngas is strongly affecting the SOEC design: operating conditions 
have been chosen in order to reach a H2/CO ratio around 1. Corrections must be taken 
into accounts for high amounts of CH4. The syngas is then pre-treated and DME is 
synthesized in a one-step reactor in which both methanol synthesis and dehydration occur. 
Two different configurations of the overall system have been developed, one with the 
SOEC at ambient pressure and one with a pressurized stack. The system layout and 
different operating parameters have been varied in order to find the highest purity of the 
final DME, trying not to affect the overall efficiency and yield. The global heat demand has 
been reduced with a waste heat recovery method. 
From the comparison of the two configurations, we obtained an improvement in the DME 
content of the final product, reaching a value above 99.6% in mass, which would allow to 
use this fuel for transportation applications. 
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Abstract 
 

With increasing electricity generation from renewable resources, adjusting supply and 
demand of electrical energy becomes more challenging. One option to use and store 
excess electrical energy is via water or steam electrolysis. Produced hydrogen is likely to 
be stored or further processed at elevated pressure. 
 
Solid oxide electrolysis cells (SOEC) promise high electrical efficiency due to their high 
operating temperature. Previous studies have shown that the performance of solid oxide 
fuel cells can be significantly improved if operating pressure is increased. Similar effects 
will also influence the cell if operated in electrolysis mode. If compression of produced 
hydrogen is necessary anyway (e.g. for storage) it would be reasonable to operate a 
pressurized SOEC if it improves its performance or is advantageous for system 
integration. 
 
A multi-scale model is used in order to investigate pressure effects on SOEC performance. 
Electrochemistry is modeled using an elementary kinetic software on cell level. Single cell 
models are thermally coupled to account for temperature distribution inside a stack. The 
model was validated in SOFC mode at various operating conditions including operating 
pressures up to 0.8 MPa. 
 
The presentation will show simulation results at different operating pressures. It is 
analyzed how pressure influences an SOEC on electrochemically active surface, 
electrode, cell and stack level. Results show that the influence of pressure on SOEC 
performance is small as different effects exist which compensate for each other.  
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Abstract 
 
In near future ships need more efficient power generation technologies for auxiliary power 
than used currently. In the project SchIBZ a fuel cell system will be developed as auxiliary 
power unit (APU). As fuel cell technology solid oxide fuel cells (SOFC) will be linked with a 
fuel processor feed with standard European diesel fuel. The process of adiabatic pre-
reforming was chosen because of the advantages in efficiency, simple reactor design and 
easy control. Overall efficiency of such an APU system will be in the range between 55 % 
and 60 %. In previous publications it was successfully demonstrated that with a 
commercial catalyst from Haldor Topsøe A/S standard European diesel fuel could be 
processed for more than 3000 hours with the process of adiabatic pre-reforming. 
For combination of such a fuel processor and a SOFC two independent test rigs were built. 
The first experiments were run without connection of the test-rigs and showed correct 
operation of the fuel processor. After this both test-rigs were linked and the SOFC modules 
were fed with product gas from the fuel processor which was fed with standard European 
diesel fuel.  















 11th European SOFC & SOE Forum 1 - 4 July 2014, Lucerne/Switzerland 

 
Balance of Plant and fuel conditioning Chapter 18 - Session B15 - 15/15   

 
 

B1514 
 

A new designed plate heat exchanger for cathode air 
preheating in a 300 W SOFC-System 

 
 

Sebastian Stenger, Shaofei Chen and Reinhard Leithner 
Institute for Energy and Process Systems Engineering 

Technische Universität Braunschweig 
Franz-Liszt-Str. 35 

D-38106 Braunschweig 
Tel.: +49-0531 391 3035 
Fax: +49-0531 391 5932 

se.stenger@tu-bs.de  
 
 

Abstract 
 

The following paper deals with the development of a plate heat exchanger for a small 
scale propane driven SOFC-system using a commercial 700 W SOFC-stack manufactured 
by Staxera GmbH, Germany. This stack requires a cathode inlet temperature of at least 
650 °C. For the preheating of the cathode air a flue gas of 900 °C is supplied by an 
afterburner, which is fired with the cathode exhaust gas (depleted air) and a part of the 
anode exhaust gas, the other part being recycled to the reformer.  Additional fuel 
(hydrogen or propane) is supplied to the afterburner for test operations. The main 
challenges in the development of the heat exchanger lie in the high operating 
temperatures and the big temperature gradients. The high temperature gradients lead to a 
high axial heat flux in the solid plate that can cause not negligible efficiency losses, if the 
heat conduction coefficient is not low. To reduce this negative effect the heat exchanger 
was separated into two serially connected heat exchangers. In addition such an 
arrangement allows easily using different materials sustaining very different temperatures, 
being different costly and machinable (see figure 1). The whole heat exchanger was 
calculated with a 1D-Model in Matlab/Simulink and gas distribution was optimized by 3D 
CFD numerical flow simulations. A prototype heat exchanger was built and tested in the 
system using hydrogen as fuel. The most important result was that an air outlet 
temperature of 750 °C was reached, which is clearly more than the required 650 °C. The 
whole system is described in a parallel paper [1], while this paper focuses on the design of 
the heat exchanger itself. 
 

            
 

Figure 1: Alumina plate (left) and steel plate (right) 
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