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Solar-driven thermochemistry
— Solar thermolysis
— Solar thermochemical redox cycles
— Hybrid approaches:
« Solar reforming
 Solar cracking
« Solar gasification
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Solar Fuels
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Solar TheerchemicaI Conversion
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Solar Thermochemical Conversion
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Solar Thermochemlcal Conversmnr
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Solar Thermochemlcal Conversmnr
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Solar Thermolysis
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Solar Thermolysis
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Solar Thermolysis
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Solar Thermolysis
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Solar Thermochemical Cycles
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Solar Thermochemical Redox Cycle
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Solar Thermochemical Redox Cycle
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Zn0O/Zn Cycle

water/gas
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» AIChE J. 55, 1497-1504, 2009.
» Chem. Eng. J. 150, 502-508, 2009.
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ZnO/Zn Cycle
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» AIChE J. 55, 1497-1504, 2009.
» Chem. Eng. J. 150, 502-508, 2009.

 Int. J. Heat Mass Transfer 52, 2444-2452, 2009.
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Zn Hydrolysis
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Solar Thermochemical Redox Cycle
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Solar Thermochemical Redox Cycle
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Solar Thermochemical Redox Cycle
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Redox Material
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Solar Reactor Technology
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» Science 330, 1797-1801, 2010.
» Energy & Env. Science 5, 6098-6103, 2012.
¢ Energy & Fuels 26, 7051_7059’ 2012. Haussener — Solar Energy | December, 2025 26/49



Solar Reactor Technology
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Solar Reactor Technology

Generation 0 Generation 1 Generation 2
2 kW Lab-scale 4 kW Lab-scale 50 kW Pilot-scale
Monoliths RPC RPC

* Science 330, 1797-1801, 2010. * Energy & Env. Science 10;1142-1149, 2017.
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Solar Reactor Technology

EU Sun-to-Liquid Project

Generation 2
50 kW Pilot-scale
RPC

<_> SUN+LIQUID

Fuels from concentrated sunlight

www.sun-to-liquid.eu
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EU Sun-to-Liquid Project
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Fuels from Sunlight and Air

1st-ever production;ﬁfc rbon-neutral
hydrocarbon fuels from sunlight and air
13-6-2019 -
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Fuels from Sunlight and Air
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ETH Fuels from Sunlight and Air
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Solar Reforming
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Solar Reforming

EU-Project SOLREF: DLR (D), WIS (IL), Hexion (NE), JM (UK), CERTH (GR), ESCO (I), ETH/PSI (CH)
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Solar Cracking
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Solar Cracking of NG
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Solar Gasification
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Solar Gasification
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* Syngas with higher calorific value and lower CO, intensity

* Higher syngas output per unit of feedstock

e Higher quality of the syngas produced

e Elimination of air-separation unit

- Thermochemistry

» Energy & Env. Science 4, 73-82, 2011.



Solar Gasification

Rankine
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Solar Reactor Concepts
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Solar Vortex Reactor

Petcoke + H,O slurry
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* Energy & Fuels 22, 2043-2052, 2008.
* Int. J. Hydrogen Energy 33, 679-684, 2008
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5 PDVSA Solar Vortex Reactor — 500 kW

NTEVEP Petcoke + H,0 slurry

Ciomat quartz window l ceramic cavity
o vortex flow

= Reaction temperature:
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= Material flows: Congerlltrated/{(
olar PR /
> Myetcoke = 30-50 kg/h Radiation \\\ m——7
¥ Myaer = 60-100 kg/h AT A=
: /i syngas
= Syngas production: _ (H, + CO)
> Mgneas = 100-180 Nm3/h H,O nozzle
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Solar Reactor Technology
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Hat ® Energy & Fuels 27, 4770-4776, 2013.



Solar Gasification Pilot Plant
' ' Holcim

Beech charcoal | s L ow Rank Coal : Tire chips

S \"}:f Industrial sludge 2

Hat ® Energy & Fuels 27, 4770-4776, 2013.



Solar Gasification Pilot Plant "
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