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Abstract 
 

Water electrolysis is considered as a suitable pathway for the production of large amounts of hydrogen to 

be used as energy carrier for electricity storage. Among the existing water electrolysis technologies solid 

oxide steam electrolysis exhibits the highest electrical efficiency. Moreover, from thermodynamic 

considerations the efficiency can be further increased when part of the energy demand is provided by the 

integration of external high temperature heat to reduce the electrical energy for the water splitting reaction. 

This paper reports on the successful integration of solar heat into a solid oxide electrolyzer. The 

experimental setup of the prototype system consisting of a solar simulator, a solar steam generator, a 

steam accumulator and a solid oxide electrolyzer as well as first results with regard to solar steam 

generation and electrochemical performance of the electrolyzer are presented. Hot steam with a maxi- 
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mum flow rate of 5.0 kgh
-1

 was produced  with the solar steam generator. A small fraction (0.58 kgh
-1

) 

mixed with 10% of H2 was supplied to a 12-cell solid oxide electrolyzer stack with approx. 2 kW electrical 

power. At 770 °C and a current density of -1.25 Acm
-2

 a steam conversion rate of 70 % at 93% electrical 

electrolyzer efficiency was achieved.  
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1. Introduction 
 

In the context of a wider use of renewable energy sources such as wind, photovoltaic and solar thermal 

power chemical energy carriers are needed for electricity storage due to the intermittent availability of 

renewable energy sources to maintain the high stability of the electricity infrastructure. Water electrolysis 

is considered as a promising pathway for the production of sustainable hydrogen to be used as such an 

energy carrier. Alkaline electrolysis, as a well proven technology for many decades, and more recently 

proton exchange membrane (PEM) electrolysis, are currently developed for high-performance intermittent 

operation in the low temperature range, below 100 °C. Compared to the low temperature electrolysis 

techniques, solid oxide electrolysis (SOE) operating in the high temperature regime of 700-1000 °C is a 

promising new technology which offers some additional advantages. The significantly higher operating 

temperature of solid oxide electrolysis cells (SOEC) and stacks results in faster reaction kinetics, thus 

enabling potentially higher energy efficiency. From a thermodynamic point of view, part of the energy 

demand for the endothermic water splitting reaction can be provided by high temperature heat from solar 

thermal power or waste heat from industrial processes, hence, significantly reducing the electric energy 

demand. Furthermore, high temperature electrolysis allows to not only split molecules of water steam but 

also that of carbon dioxide or a mixture of both to produce synthesis gas or other energy carriers such as 

methane or methanol by subsequent catalytic conversion [1-3]. Already during the 1980’s the 

development of SOE was reported by W. Doenitz et al. with the “Hot Elly” project [4,5] and by A.O. 



Isenberg at Westinghouse [6] on the basis of tubular solid oxide cells. Based on the progress achieved 

with planar solid oxide fuel cells (SOFC) in the past years renewed interest on the SOE technology 

appeared [7-10]. 

 

The splitting of water through high temperature electrolysis of steam uses a combination of electrical  

energy and heat. The chemical reactions taking place during electrolysis are as follows: 

Fuel electrode:  H2O + 2e
-
 → H2 + O

2-
 (Eq. 1) 

Air electrode: O
2-

 → ½ O2 + 2 e
-
 (Eq. 2) 

The following reaction results in total: H2O → H2 + ½ O2 (Eq. 3) 

 

From thermodynamic considerations depicted in Figure 1 it is obvious that at the phase transition from 

liquid water to steam the enthalpy of water ΔH
0
 and hence the required minimum energy for water splitting 

is reduced drastically. This difference of energy corresponds to the heat for evaporation Hevap. of water. 

Moreover, the Gibbs free enthalpy ΔG
0
 for water splitting continuously decreases with increasing 

temperature whereas the enthalpy ΔH
0
 remains almost constant.  

 

Figure 1: Thermodynamics of the water splitting reaction as a function of temperature [11] 



 

From these thermodynamic principles the following statements can be deduced: 

 The thermodynamic cell voltage for steam electrolysis is lower than that for electrolysis of liquid water. 

Consequently, steam electrolysis consumes less electrical energy compared to low-temperature 

electrolysis processes. 

 At high temperatures part of the required energy for electrolytic water splitting can be provided by heat. 

This heat can either be provided by external sources or is produced by the resistances of the 

electrolysis cell or the stack itself. The maximum amount of heat ΔQmax to be provided is given by the 

difference between enthalpy of water splitting ΔH
0
 and Gibbs free enthalpy ΔG

0
. This amount of heat 

integrated in the process reduces the necessary electrical energy εmin.  

 

Depending on the cell voltage, three different operating modes for high-temperature steam electrolysis 

can be distinguished: 

 Endothermal mode: The electric energy input is below the enthalpy of reaction H
0
 and the cell voltage 

below the thermoneutral voltage. Therefore, external heat must be supplied to the system to maintain 

the temperature. The electricity-to-hydrogen conversion efficiency is above 100 %.  

 Thermoneutral mode: The electricity supplied to the electrolyzer is completely used for the electrolysis 

reaction. The electrolyzer operates at thermal equilibrium and the electricity-to-hydrogen conversion 

efficiency is 100 %. 

 Exothermal mode: The electric energy input exceeds the enthalpy of reaction corresponding to an 

efficiency below 100 %. Consequently, part of the energy will be converted into heat which will be 

transferred to the outlet gases. 

In conventional high temperature steam electrolysis the total energy demand for water splitting is supplied 

as electricity. As mentioned before, high temperature heat provided by concentration of solar radiation, 

e.g. in solar towers, can be introduced in the SOE process for the evaporation and superheating of water 

[12-13]. A tube-type solar receiver as a key component for the integration of solar heat into the SOE 

process has been developed for operation in DLR’s high flux solar simulator in Cologne [14]. In the frame 



of the DLR project “Future Fuels” the combination of this solar receiver powered by heat from the solar 

simulator with a solid oxide electrolyzer has been realized. This paper presents the experimental setup as 

well as first experimental results of the coupling of direct solar steam generation in a receiver system with 

high temperature steam electrolysis.  

 

2. Experimental  
 

The experimental setup of the solar heated solid oxide electrolyzer system used for hydrogen production 

is depicted in Figure 2. A photograph of the SOEC electrolyzer and the solar receiver (in the following 

called solar steam generator) in operation is shown in Figure 3. This laboratory prototype system consists 

of five main components: i) solar simulator, ii) solar steam generator, iii) water supply system, iv) steam 

accumulator, and v) solid oxide electrolyzer. Auxiliary components of the system are flow meters and 

valves to control the mass flow and pressure for water and steam, several temperature and pressure 

sensors and controllers, peripheral electrical tube heaters, mass flow controllers for the fuel gas and air of 

the electrolyzer, voltage supply (potentiostat) and data acquisition system.  

 

Figure 2 shows the water/steam flow path in which the inlet water enters the solar steam generator from 

the water supply system. By passing through the steam generator the water is heated up to superheated 

steam by the incoming high energy concentrated radiation from the solar simulator. The hot steam is fed 

into the steam accumulator and exits the vessel when a constant pressure is reached. The outlet of the 

accumulator is connected to the electrolyzer and to a bypass valve. As the small laboratory scale 

electrolyzer cannot handle mass flows higher than 0.5 kgh
-1

 a large fraction of the steam had to be 

bypassed to the environment. Due to low steam mass flows, non-optimized tube insulation and long pipes 

of the prototype system additional peripheral electrical heated pipes are required in order to compensate 

thermal losses. The system pressure and the mass flow of steam to the electrolyzer are controlled by the 

relative setting of two valves placed in the bypass line (steam vented to environment) and in the line to the 

electrolyzer. The superheated steam fed to the electrolyzer is split into H2 and O2 by the electrolysis 

voltage of the potentiostat. The SOEC stack was operated both in current-voltage measurement and long-

term stability operation mode. Gas coolers are used to cool down both process gases to room 

temperature. All system components were controlled remotely by industrial programmable logic controllers 



(“Siemens Simatic S7”). This ensures safe and reliable operation. In order to monitor possible system 

instabilities a fast data sampling rate of 1 s was selected. Details of the main and auxiliary components 

are explained in the following sections. 

 

 

Figure 2: Experimental setup of the solar heated solid oxide electrolyzer system for hydrogen production 
 



 
 
Figure 3: Photograph of SOEC electrolyzer (left) and solar steam generator (right) during operation 
 

 

 

2.1 Solar simulator 

 

A xenon high flux solar simulator based on elliptical reflectors with 10 xenon short-arc lamps [14] is 

operated at DLR’s premises in Cologne. These lamps offer high intensities and unfiltered spectrum which 

matches sensibly well to sunlight. The emitted radiation is feasible for a wide range of applications and 

can be added up to 20 kW power. This radiant power is concentrated up to 4 MWm
-2

 on an area of 1 cm² 

in the reflectors focal distance of 3 m. The xenon high-flux solar simulator at DLR is used for exploration 

and testing new technologies where temperatures of above 2000°C are possible to be achieved. The focal 

point has been adjusted by thermal imaging and calibrated laser pointers. In Table 1 the technical data of 

the solar simulator are summarized.  

 

 

 

 

 



Table 1: Solar simulator’s technical data 

 

Technical data Description 

10 xenon short-arc lamps with elliptical reflectors Thorium-doped tungsten electrodes 

Electrical power per lamp 6 kW (U = 37 V; I = 160 A) Operating pressure of lamp: 80 bar 

Ignition voltage Ui = 40 kV Luminance 10,500 cdm
-2

 

Arc length: 9 mm (cold); 7,5 mm (hot) Magnetically stabilized arcs 

Optional: UV-A/B/C emission Spectra similar to sunlight 

Concentration 4,500 

Maximum power 20 kW 

Radiation flux density 4.2 MWm
-
² at 165 A rated current 

Dimension, W x H 4.5 m x 3 m 

Weight 800 kg 

Aperture 6 m² 

Reflectivity of the mirrors in new condition 89  

 

 

2.2 Solar steam generator 

 

A spiral solar receiver to be used as a solar steam generator has been designed, developed and adapted 

to the required specifications of the high temperature electrolyzer for the purpose of evaporating water that 

will supply steam to the SOEC electrolyzer stack (see Figure 2). The conical spiral solar steam generator 

is made from high temperature stainless steel grade 1.4841 (10 mm in diameter and 1.5 mm in thickness). 

The conical shape of the spiral tube helps to improve the heat flux distribution. The concentrated incident 

solar radiation on the receiver cavity is absorbed by the spiral tube which in turn acts as heat exchanger 

by transferring the heat absorbed to water (loaded from the front) in order to convert it into superheated 

steam. The spiral tube is located inside an insulation housing (“PROMAFORM 1600” with low thermal 

conductivity of 0.22 Wm
-1

·K
-1

 at 1000 °C) fabricated to hold it in place and to prevent heat losses. The inlet 

water, outlet steam and the surface temperatures of the steam generator are measured using K-type 

thermocouples. In order to prevent thermocouples from being directly irradiated, while facilitating their 

replacement, they are inserted into protective fittings which are welded on the receiver tube.  

 

 

 

 

 



2.3 Water supply system 

 

The water inlet is purified with an ion exchanger before entering the reserve water tank. The tank is used 

to avoid possible fluctuations with respect to pressure and mass flow rate to the water pump and the flow 

controller. The water level in the tank is maintained at a constant level by measuring the height and refilled 

automatically from the water inlet using a solenoid valve. Based on the dimensions of the solar steam 

generator, the water flow is maintained at 5 kgh
-1

 and inlet pressure is maintained at the desired level 

using a pressure booster. 

 

2.4 Steam accumulator 

 

Superheated steam outlet from the solar steam generator is fed into a steam accumulator for storage (see 

Figure 2), in order to limit fluctuations with respect to temperature and pressure. In real condition the 

steam accumulator will also serve to limit the fluctuations caused due to the intermittent solar radiation (for 

instance by cloud passage). The vessel with a volume of 33 liters is designed to operate at a maximum 

temperature and pressure of 400 °C and 25 bar, respectively. Furthermore, the vessel is robust to 

withstand 11,500 full load cycles between ambient conditions and the maximum operating conditions. It 

can be operated for accumulation of both the superheated steam as well as the saturated steam. 

However, the amount of steam accumulated will be much higher with the variation of saturated steam. 

Moreover, it has to be noted that the steam accumulator was located about 100 cm away from the steam 

generator outlet and was not thermally insolated in an optimum way (Figure 3). 

 

2.5 Solid oxide electrolyzer 

 

The solid oxide electrolyzer (SOEC) stack is located inside a furnace/hot box and consists of 12 repeat 

units (RU) which are connected in series. The stack was fabricated and supplied by “SOLIDPower” 

(Mezzolombardo, Italy) and contains so-called fuel electrode supported cells with an active area of 80 cm². 

The stack uses an internal gas manifold for the fuel gas and an external manifold for the air [15].  

 

All stack operating parameters except the steam supply are controlled and measured with a control rack. 

Each stack RU has separate probes for voltage measurement. This allows monitoring of possible 

inhomogeneity inside the stack. Six thermocouples measure gas inlet and outlet temperatures as well as 



stack bottom and top temperatures. Steam from the steam accumulator which is mixed with 10% of H2 

and air is fed to the stack from the bottom. The small amount of H2 prevents the stack from reoxidation. In 

order to minimize thermal stresses in the stack caused by cold gases the respective inlet  tubes are 

heated externally with heating hoses and inside the furnace with a helix before entering the stack. By 

applying a voltage to the stack with the potentiostat steam is electrolyzed to H2 and O2. Both gas streams 

are cooled in gas coolers where also the remaining water was removed from the fuel gas. All process 

gases are vented to the environment.  

 

In order to determine the optimum steam conversion rate a current-voltage (jV) curve with increasing and 

decreasing current density was measured. The jV-curve was measured according to the pre-normative 

test procedure “Test Module 03: Current-voltage characteristics” [16] of the SOCTESQA project [17]. 

Moreover, the system stability was measured by operating the stack at constant steam supply and 

constant electrical current density. For safety reasons, this steady-state operation could only be measured 

during daytime for about 5 h with manned control of the system. 

 

3. Results and Discussion 

 

 

3.1 Solar steam generation 

 

Selected results of the test operation of the solar steam generation and the storage subsystem are 

presented in Figures 4 and 5. In Figure 4 the relevant mass flow of water/steam through the solar steam 

generator and in Figure 5 measured temperatures of the system are presented.  

 

The complete test can be distinguished in three phases. In the first phase (0 - 2 h) the system was heated 

up and the operating conditions were optimized. During the start-up concentrated solar energy was 

irradiated on the steam generator and the SOEC stack was heated up. In order to prevent the prototype 

system from overheating and due to safety issues for the first tests only three lamps of the solar simulator 

were activated. This provided a total power of 5.66 kW onto the receiver aperture of 0.0201 m² (diameter 

of 16 cm) which corresponds to an average flux of 282 kWm
-2

 on the receiver aperture. After the start up a 

steam mass flow of 5 kgh-1 was delivered by the steam generator which corresponds to volumetric flow of 



104 standard liter per minute (slpm). During the parameter optimization phase strong fluctuations of the 

steam mass flow through the steam generator occur (see Figure 4). With ongoing operation of the system 

and parameter optimization, e.g. the settings for water mass flow, pressures, temperatures and valves, the 

steam mass flow stability could be optimized successfully. However, the absolute steam flow variations 

still remained in the range of 4.7 - 5.3 kgh
-1

. The second operating phase (2 h - 3.5 h) focused on the first 

SOEC electrolyzer operation and the simulation of a cloud passage on the solar heat generator. After 2 h 

of operation the first current-voltage curve of the SOEC electrolyzer was measured (see Figures 6 and 7). 

The cloud passage interruption after 3 h of operation was implemented in order to analyze the thermal 

behavior of the system (Figure 5) during the standby time as in a “real-life” condition. The cloud formation 

with approximately 30 minutes duration was simulated by switching off both the solar simulator and the 

water/steam flow through the steam generator. In the third operating phase after 3.5 h the system was 

operated under steady-state conditions in order to investigate its stability behavior. The corresponding 

results of the electrochemical behavior of the SOEC electrolyzer are depicted in Figure 8. After 8.5 h of 

operation the system was shut-down. 

 

 
 
 
Figure 4: Mass flow of water/steam through the solar steam generator 



Figure 5 shows the most important temperatures of the solar steam generation. During the start-up a rapid 

increase of the steam generator outlet temperature from 25 °C to 470 °C can be observed. This proves a 

highly dynamic behavior of the solar steam generator. As the average inlet temperature of water was 

25 °C the overall temperature increase through the reactor was about 375 °C - 425 °C. After the start-up 

the steam generator outlet temperature is in the range of 450 °C with fluctuations of 20 °C - 30 °C. The 

behavior of the temperatures of the steam accumulator and of the steam from the accumulator to the 

electrolyzer is strongly dependent on the thermal insulation and the tube heating power, respectively. 

Therefore, these components show a less dynamic behavior during the start-up procedure. Moreover, 

Figure 5 shows that during operation of the system the superheated steam of the solar steam generator 

cooled down to about 150 °C in the steam accumulator and was heated up afterwards in the tubes to the 

SOEC electrolyzer to 600 °C. Both the steam accumulator and the steam supply from the accumulator to 

the SOEC electrolyzer reveal much more stable temperature behavior compared to the solar steam 

generator. Only a minor pressure difference was measured between steam generator inlet and steam 

accumulator. In the presented test the pressure to the electrolyzer system was kept constant at 

atmospheric pressure. 

 

During the cloud passage simulation after interruption of the irradiation a rapid temperature decrease in 

the steam generator to below 50°C can be observed within a few minutes. After continuation of irradiation 

the operating temperature was reached again after a few minutes. The temperature in the steam 

accumulator rises to the temperature of evaporation of the present pressure within one hour and then 

rises with pressure until it remains nearly constant. This indicates that during the entire operation period 

liquid water is present in the steam accumulator. It can be seen that the temperature in the steam 

accumulator only slightly decreased during the 30 minutes interruption and increased rapidly to the 

original value afterwards. This illustrates the value of implementing a steam accumulator into the system 

for buffering fluctuations in solar radiation supply.  

 



 
Figure 5: Relevant temperature measurements in the solar steam generation system 

 

 

3.2 Solid oxide electrolysis 

 

During the start-up of the system the SOEC stack was heated up to the desired operating temperature of 

770°C with hot steam gas from the steam accumulator and additional peripheral furnace heating. Figure 6 

shows the current-voltage behavior and selected temperatures of the SOEC electrolyzer stack after the 

startup of the system. Note that conventionally for SOEC electrolysis operation the current density is 

negative in order to distinguish from the SOFC fuel cell mode. The stack was supplied with a mixture of 

1.4 slpm of H2 and 12.0 slpm of steam which was fed from the steam accumulator. The fuel gas flow and 

composition of 90% H2O / 10% H2 was adapted to the stack size which was recommended by the stack 

manufacturer. The hydrogen was added as protection gas to prevent the Ni+YSZ fuel electrodes of the 

cells in the SOEC electrolyzer stack from undesired oxidation to NiO+YSZ. Filtered and dried air from a 

compressor was fed to the air electrodes of the stack.  

 



 
 

Figure 6: Current-voltage behavior of 12-cell SOEC stack at 770°C with 12.0 slpm H2O + 1.4 slpm H2 and 

20 slpm air 

 

 

The open circuit voltage (OCV) of the stack with the gas composition of 90% H2O + 10% H2 was 10.3 V 

which is in good agreement with the theoretical value calculated with the Nernst equation [18]. This 

indicates good gas tightness and high quality of the stack sealing. The stack voltage increases almost 

linearly with increasing current density. This behavior is well-known for SOEC and can be attributed to low 

activation polarization resistances of the fuel and air electrodes (see Eq. 1 and 2). Moreover, 

electrochemical impedance spectra have shown almost constant polarization resistances with increasing 

current density [19]. However, strong voltage fluctuations in the jV-curve can be observed which are 

caused by the above mentioned steam mass flow instabilities from the steam generator (see Figure 4). At 

a current density of -1.25 Acm
-2

 the electrolysis voltage is approximately 16.5 V which results in an 

electrolysis power of -1.65 kW. At this operation point a steam conversion rate of 70% was achieved 

which corresponds to a production of  8.4 slpm of hydrogen. This results in an electrical stack efficiency of 

93 % that is based on the lower heating value of H2. Even at the higher electrical current the average 



electrolysis voltage of 1.4 V per RU was below the maximum voltage limit of 1.6 V given by the stack 

manufacturer. Hence, even higher stack electrolysis performance is feasible. The temperatures of the 

stack and outlet fuel gas decrease with increasing current density due to the endothermic water splitting 

reaction. After the temperature minimum at a current density of -0.7 Acm
-2

 the temperature increases and 

the thermo-neutral point (TNP) is reached at about -1.0 Acm
-2

. At the TNP the measured electrolysis 

voltage per RU is 1.32 V which is in good agreement with the theoretical value of 1.285 V [18]. At current 

densities higher than the TNP the stack is operated in the exothermal mode which results in a further 

increase of the stack and gas temperatures.  

 

Another important issue of the electrochemical performance of the system is the electrochemical 

homogeneity of the SOEC stack. Figure 7 shows the characteristic electrochemical values of the 12 stack 

repeat units, specifically OCVs, electrolysis voltages and area specific resistances (ASR), at 70% steam 

conversion rate which were extracted from the jV-behavior of Figure 6.  

 

 
 

Figure 7: Characteristic electrochemical values of the repeat units of the SOEC stack at 770°C with 

12.0 slpm H2O + 1.4 slpm H2 and 20 slpm air 



The OCVs of the 12 stack repeat units are very uniform with a standard deviation of 2.5 mV from the 

mean value of 0.855 V. This indicates high quality and reproducibility of the corresponding gas sealing of 

the different repeat units. The voltages and ASRs of the RUs at 70% steam conversion are in the range of 

1.4 V and 0.3 ·cm
2
, respectively. These values are in good agreement with SOEC stack literature results 

of other research groups [20,21]. However, in contrast to the OCV, higher differences in the electrolysis 

voltages and in the ASRs of the RUs can be observed. Such results indicate that values of the voltage and 

ASRs are higher at the bottom and top than in the middle of the stack. This behavior which is well-known 

especially in SOFC stacks is called “stack edge effect” and can be explained by the lower temperature of 

the bottom and top region compared to the middle core of the stack [22]. The overall minor differences of 

the voltages and ASRs of the RUs are caused by the above described steam supply variations (see 

Figure 4). It can be summarized that the stack shows a high homogeneity level among the different repeat 

units. 

 

After the performance test of the system the stack was operated for 4 h in steady-state at a current density 

of -1.0 Acm
-2

 in order to investigate the stability behavior. Figure 8 shows the stack voltage, the electrical 

current and the temperature of the outlet fuel gas as a function of time.  

 



 
 

Figure 8: Behavior of the SOEC stack during steady-state operation for 4 h at 700°C and -1.0 Acm
-
²  

 

After the maximum current of - 80 A (-1 Acm
-2

) was reached the stack voltage slowly decreased from 

approx. 19 V to 17.4 V at 4.7 h of operation which is caused by the temperature increase in the stack. Due 

to the high thermal mass of the stack even in the following operation phase a slow and continuous 

increase in the temperature of the outlet fuel gas and of the stack itself can be observed. This effect 

further decreased the electrolysis stack voltage by 0.1 V. After about 7 h of operation the steam mass flow 

to the stack was readjusted to 12.0 slpm which induced a short electrolysis voltage peak with a 

subsequent increase of the temperatures of the inlet steam (Figure 5) and of the outlet fuel gas (Figure 8). 

After the steam flow has stabilized the higher stack temperature led to a drop in the electrolysis voltage to 

approximately 16 V. After steady-state operation of the SOEC stack at -1 Acm
-2

 for 4 hours the electrolysis 

operation was stopped and the system was shut down after approximately 8 hours of total operation. 

 

 

 

 

 

 



3.3 Further system optimization 

 

The prototype system used needs a number of potential improvements to be done which will be tackled 

within further development work. Firstly, the control of the solar steam generator has to be optimized in 

order to minimize the steam supply instabilities. Secondly, the positioning of the system components will 

be rearranged closer together and their thermal insulation will be improved in order to minimize peripheral 

electrical heated pipes. Finally, a new high-temperature steam accumulator with storage temperatures in 

the range of 700°C and low thermal losses will be developed. These system optimizations will allow for 

running the next experiments with higher solar irradiation heat input and thus significantly increasing the 

overall system efficiency.  

 

4. Conclusions 

 

In order to integrate solar heat for the evaporation and superheating of water in high-temperature solid 

oxide electrolysis a solar simulator and a solar steam generator were successfully connected to a 12-cell 

SOEC stack. At 770°C and a current density of -1.25 Acm
-2 

approximately 8 slpm hydrogen were 

produced with a steam conversion rate of 70%. At these operating conditions an electrical stack efficiency 

of 93% was achieved. Steady-state operation at 700°C and -1.0 Acm
-2 

was performed for 4 hours in total 

demonstrating that SOEC operation with solar heat is feasible and promising. The experiment showed 

strong interaction between stack behavior and steam mass flow. It is therefore crucial to control the steam 

mass flow properly. Further system optimizations include the reduction of peripheral heated tubes, the 

increase of thermal insulation of the system components and the development of a high temperature 

steam accumulator. The experiment reported represents to the authors’ knowledge the first successful 

integration of solar heat into commercial solid oxide electrolysis for highly efficient hydrogen production. 
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