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1. Introduction

The solar hybrid sulphur cycle (HyS) is a promising way to generate hydrogen sustainably by
utilizing solar heat and green electricity [1]. In a first step, the sulphuric acid splitting (SAS) is
performed below 900 °C forming sulphur dioxide, oxygen, and water. The sulphur dioxide is
used with water in a second step, the sulphur dioxide depolarized electrolysis (SDE), to form
hydrogen and sulphuric acid, thereby closing the cycle. By utilizing the SDE, the cell potential
can be significantly reduced compared to conventional water electrolysis (i.e. in theory to a
fraction of only 14%) [2]. Though, the reduced electricity input must be compensated by heat.
The heat for the SAS can be supplied by a solar tower system. In the European project
HySelect, DLR, CERTH, Aalto, ENEA, FENR and Grillo work on demonstrating such a system.
Here, heat for the SAS will be supplied by the centrifugal particle receiver CentRec [3] in Jilich
and the SDE will be performed in Duisburg. This two-site approach demonstrates the potential
separation of the SAS at a solar-rich location (e.g., Sahara Desert) and the SDE at a solar-
lean location (e.g., central Europe) for a commercial application as indicated in Fig. 1.
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Fig. 1: Scheme of the HyS. On the left side, the SAS is performed utilizing solar energy in Jilich; on
the right side, the SDE is performed on a second site, Duisburg (both Germany)
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2. Methodology

In a first step, lab-scale setups for the SAS and SDE have been put into operation. The
upscaling and demonstration of pilot operation will be performed in the step of the project. For
SAS, different catalyst materials and structures have been tested in a 2-kW tube-furnace setup
for an extended time period (i.e. 100s of hours) with a continuous sulphuric acid flow [4]. For
the SDE, a setup was built from commercial components designed for water electrolysis.
Different potentials were applied and tests were performed for several hours. The active cell
area was 5 cm>.

3. First results and outlook

For the SAS, a Fe,0; catalysts on a SiSiC foam reached nearly the equilibrium composition,
resulting in approximately 90 % sulphur trioxide conversion at 850°C and ambient pressure.
The SDE setup showed promising results, indicating a specific energy consumption of 30-
40kWh/kg H2 and stability of over 40 hours. However, a cross over of SO, was observed and
an overpotential of 0.43 to 0.78 V was required. Currently, tailored materials for the SDE are
prepared and tested.

The upscaling and optimization of the SAS reactor and SDE is ongoing. The targeted size for
the SAS reactor is in the range of 50-80 kW, and for the SDE 30-40 kWe. In 2026, tests with
a 750 kWi solar centrifugal particle receiver and hot particle storage will be performed for six
months. The particle system will be coupled with the SAS reactor and the generated sulphur
dioxide will be used for the SDE. Further scaleup for commercial application will be drafted and
techno-economically assessed.
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