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Coupling solar tower system with high-temperature

electrolysis

« Simultaneous generation

« Experiment (> lab scale)

https://doi.org/10.1016/j.joule. https://doi.org/10.1016/j.applth

2022.07.013 ermaleng.2020.116427

Electric power supply

HTE
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Solar cavity receiver employing metal
tubes to generate hot steam and air
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High-Temperature Electrolysis
(700-1000°C)

Thermoneutral Operation at 50 kW,

Steam Flow | Sweep Gas Flow
(Cathode) (Anode)
Temperature 820°C 850°C
Mass flow rate 20 kg/hr 80 kg/hr
Pressure 1 atm 1 atm

In; HX 2: Superheating Steam; HX 3: Heating Air



https://doi.org/10.1063/1.4949081
https://doi.org/10.1016/j.applthermaleng.2020.116427
https://doi.org/10.1016/j.solener.2022.10.041
https://doi.org/10.1016/j.joule.2022.07.013

Methodology (experimental)




Heat flux supply from Synlight
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« Cavity inner diameter: 0.545 m

Solar cavity receiver design

Cavity outer diameter: 0.745 m
Cavity length: 0.574 m

1| Stainless steel housing
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PID of the experiment

Abbreviation 2025 — DLR
80 ke/h TR: Temperature sensor
20 °C PR: Pressure sensor
300 kPa (a) FR/FRC: Flow meter/controller
BPR: Back pressure regulator
Airinlet ) SV: Solenoid valve
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EX p eri men ta| setu p *TES: Thermal energy storage
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e 2025 = DLR

Front view Rear view

Solar cavity receiver

Solar cavity receiver |

Steam accumulator

Radiation shield . s
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Synlight
(Solar simulator)
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Key results (experimental)




Temperature i ot DLR

Key results — Experiment W ’
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* High-temperature steam (811 °C) and air (863 °C) was continuously produced

 Inlet temperature of superheating steam section (steam from the accumulator) had slow response
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Key results — Experiment W ’

Pressure | o2s— DLR

Quasi-stationary

=== Superheating steam, outlet

500 Radiation power
— 450 ~ i 100
L 400 A | 90 -
(© I
o 350 - | — |
=, ~ J ~ | E @ v v v " ;" - V- - - i
0 300 0=0.44, S=3.5e-5, R=0.33 | = 70 4 :
2 250 ~ 2 e0q ,
S 200 - 0=2.75, S=7.7e-4, R=0.91 2 50 4 i
150 S w4 |
| ©
100 T 5 071 )
0.0051.015 2.0 25 3.0 3.54.0 45 5.0 | = 20 4 i
. | 10
Time [h] | '
_ o | 0 —T—T—T—TT—"T T TT7T
N Evaporatlng water, outlet R Heatlng air, outlet i 00051015202530354.04550

Time [h]

« Evaporating water and superheating steam sections had more fluctuation compared to heating
air section
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Summary and outlook




e 2025 = DLR

Summary and outlook H'| ‘#7

T, .. 863 °C
(0: 2.98 °C, 2.75 kPa, 0.169 kg/h)

T, 811 °C

out-

(0:2.67 °C, 0.44 kPa, 0.177 kg/h )

« Virtual coupling with 50 kW, scale - +
+  Physical coupling with 5 kW, scale H -0,
2
* Syngas (CO and H,) production D o C
« Further optimization and model refinement
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