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Co-electrolysis of CO2 and H2O in high-temperature

solid oxide electrolyser cells (SOECs) is a promising

future technology, as it enables the storage of volatile

renewable energy and the simultaneous reduction of

CO2 emissions.

In this context, (La,Sr)(Co,Fe)O3-δ (LSCF) /

(Ce,Gd)O2-δ (GDC) composite electrodes are

a promising way to improve

In this study, the composite air electrode was prepared from a mixed ionic

electronic conductor La0.6Sr0.4Co0.2Fe0.8O3-δ (LSCF) and an ionic conductor

Ce0.9Gd0.1O1.95 (GDC). The screen-printing ink was fabricated with a terpineol-

based ink vehicle. The air electrode with 1.3 cm diameter was printed onto a

commercial NiO/YSZ/GDC button cell substrate and sintered at 1060°C.

The cell was electrochemically characterized at a temperature of 800°C, using a gas with 20% O2 (rest Ar) at

the air electrode, and either 50% H2O or 70% H2O (rest H2) at the fuel electrode. In co-electrolysis mode,

gases at the fuel electrode are switched between two modes 25% H2, 25% CO2, 50% H2O, and 10% H2, 45%

CO2, 45% H2O, respectively.

I-U-curves of the cell with 50:50 wt% LSCF:GDC composite electrode show high current densities of –1.37

A/cm² for H2O electrolysis and –2.37 A/cm² for co-electrolysis at 1.2 V electrolysis voltage. In comparison, a

commercial cell with single phase LSCF air electrode shows a lower current density of –0.84 A/cm² at 1.2 V

for H2O electrolysis.
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Material development for SOECs is

currently aimed at pushing the limits of

cell efficiency and lifetime.

• homogeneous thickness
• good adhesion between 

all layers

• excellent 
microstructure

• porosity of 20 %

improve the electrochemical 

performance, microstructure  

and stability of the air 

electrode [1,2].

This research activity has received funding from Montanuniversität Leoben 
and is part of the Strategic Core Research Area SCoRe A+ Hydrogen and Carbon SSCCooRRee AA++

SSttrraatteeggiicc  CCoorree  RReesseeaarrcchh  AArreeaa Hydrogen and Carbon

Methodology:
This work develops an OEMOF [1] based multi-node model (Figure 3.) to optimize the energy flows of a multi-sector energy system at a province scale,
under the objective of maximal efficiency and minimal primary energy consumption. Every node has an exogenous demand and has the potential to
support local generation. The energy demand is converted to useful exergy demand (Figure 2.) which is defined as the theoretical minimum exergy
requirement to fulfill all current energy services [2].
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Figure 1. System boundaries of a national energy system

Introduction:
The purpose of this work is to analyze the role of renewable
gases within the Austrian national climate-neutral energy system
and to identify bottlenecks of the existing gas grid which may
appear.

Research questions:
• What are the potential contributions of renewable gases as

alternatives to established fossil fuels in the process of
transitioning to sustainable energy sources?

• How does the existing gas grid in Austria accommodate the
integration of renewable gases, and what potential
bottlenecks or limitations exist?

Energy Supply
The future generation of renewable electricity was determined for
each province, based on RES-specific technical potentials. Three
provinces (Lower Austria, Upper Austria, Styria) emerge as the
prominent leaders in renewable power generation.

Energy Demand
The energy demand is based on scenario-specific calculations and
carried out for each sector, useful category and Austrian province.
The gas demand in Lower Austria (Figure 5) is dominated by the
non-energetic demand of the industrial sector (  ̴70%) and the
refinery (  ̴27%) [3].

Results
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Figure 3. Simplified schematic representation of energy flows of two 
interconnected nodes

Each node of the modeled energy system
represents one Austrian provinceFigure 2. Methodology for calculating the exergy demand of each 

sector depicted in use categories

Figure 4. Renewable electricity generation for each Austrian province for 
three points in time

Figure 5. Renewable gas demand in 2040 of each district in Lower Austria [3]


