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Thermochemistry

• Solar-driven thermochemistry

– Solar thermolysis

– Solar thermochemical redox cycles

– Hybrid approaches:

• Solar reforming

• Solar cracking

• Solar gasification

Outline
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Thermochemistry
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• Pathways
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Thermochemistry

Concentrated
Solar Radiation

Solar Thermochemical Conversion
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Thermochemistry
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Thermochemistry
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Thermochemistry
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DecarbonizationH2O-splitting
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Solar Thermolysis
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Thermochemistry
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Thermochemistry

• Fletcher E., J. Solar Energy Engineering 123, 63-74, 2001.

• Kogan et al., Int. J. Hydrogen Energy 23, 89-98, 1998.

Solar Thermolysis
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Thermochemistry
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• Joule, Vol. 1, pp. 146-154, 2017
• Reaction Chemistry & Engineering, Vol. 4, pp. 1431–1438, 2019

Solar Thermolysis
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Solar Thermochemical Cycles
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Thermochemistry
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Thermochemistry
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Thermochemistry
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Thermochemistry
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Thermochemistry
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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.

ZnO/Zn Cycle
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Thermochemistry

• Treactor =  2000 K

• Qsolar =  10 kW

• Cpeak =  5880 suns

• mZnO =  11 g/min

• Zn yield =  50 – 95 %
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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.

ZnO/Zn Cycle
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Thermochemistry
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• AIChE J. 52, 3297-3303, 2006. 

• Chem. Eng. Sc. 64, 1095-1101, 2009.
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Thermochemistry
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Thermochemistry
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Thermochemistry
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Thermochemistry
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• Physical Chemistry Chemical Physics, 17, 7813-7822, 2015.

TG equilibrium measurements

Solar Thermochemical Redox Cycle
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Thermochemistry
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• Phys Chem Chem Physics 17, 7813-7822, 2015.
• Acta Materialia 103, pp. 700-710, 2016.

• Ellingham Diagrams

Redox Material
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Thermochemistry

Quartz Window

Inconel
Wall

Al2O3 

insulation

CeO2 CPC

1
0

 m
m

RPC

• Science 330, 1797-1801, 2010.

• Energy & Env. Science 5, 6098-6103, 2012.

• Energy & Fuels 26, 7051–7059, 2012.

Solar Reactor Technology



Haussener – Solar Energy | December, 2025 27/49
Thermochemistry
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Thermochemistry

Generation 2
50 kW Pilot-scale

RPC

Generation 1
4 kW Lab-scale

RPC

Generation 0
2 kW Lab-scale

Monoliths

•Science 330, 1797-1801, 2010. •Energy & Env. Science 10;1142-1149, 2017.

Solar Reactor Technology
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Thermochemistry

Generation 2
50 kW Pilot-scale

RPC

EU Sun-to-Liquid Project

www.sun-to-liquid.eu

Solar Reactor Technology
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Thermochemistry

Flux Measurement

Solar  Reactor

EU Sun-to-Liquid Project
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Thermochemistry

1st-ever production of carbon-neutral 
hydrocarbon fuels  from sunlight and air

13-6-2019 

Fuels from Sunlight and Air
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Thermochemistry

Solar Mini-Refinery @ ETH

Fuels from Sunlight and Air
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Thermochemistry • Solar Energy 170, pp. 568-575, 2018.

Fuels from Sunlight and Air
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Thermochemistry

Solar Reforming
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Thermochemistry

- 400 kW

- Rh catalyst

- 1100 K

- 10 bar

Catalytic absorber

WindowCPC Reactants inlet

Products outletCatalytic absorber

WindowCPC Reactants inlet

Products outlet

EU-Project SOLREF: DLR (D), WIS (IL), Hexion (NE), JM (UK), CERTH (GR), ESCO (I), ETH/PSI (CH)

x y 2 2

y
C H xH O x ·H xCO

2

 
+ = + + 

 

Solar Reforming

CO 2

Natural
Gas

H2O

CO
H2

Shift 
Reactor

Shift 
Reactor

H2OH2O

CO 2

H2

CO 2

H2

Separation

HH2 Fuel cell Work
Output

Sequestration 
(optional)

Concentrated Solar Energy
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Thermochemistry

Solar Cracking
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Int. J. Hydrogen Energy 34, 7676-7685, 2009.

Solar Cracking of NG
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Thermochemistry

Solar Gasification
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Thermochemistry • Energy & Env. Science 4, 73-82, 2011.

Vis-à-vis autothermal:

• Syngas with higher calorific value and lower CO2 intensity

• Higher syngas output per unit of feedstock

• Higher quality of the syngas produced

• Elimination of air-separation unit

Solar Gasification
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Thermochemistry

Solar Gasification
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 Coal-gasification to syngas + 55%- CC

 Coal-gasification to H2 + 60%- fuel cell

 Coal-combustion + 35%- Rankine cycle

• v. Zedtwitz, Steinfeld, Energy 28, 441-456, 2003. 

Coal

Solar Gasification
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C + H2O
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• Energy & Env. Science 4, 73-82, 2011

Solar Reactor Concepts
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• Qsolar  =  5 kW

• C  =  3000 suns

• mC  =  4 g/min

• Treactor  =  1600 K

• xC  =  87 %

•  thermal  =  19 %
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• Energy & Fuels 22, 2043-2052, 2008. 

• Int. J. Hydrogen Energy 33, 679-684, 2008
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quartz window
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(H2 + CO)

Petcoke + H2O slurry

H2O nozzle

vortex flow

Petcoke + H2O slurry
Solar Vortex Reactor
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▪ Reaction temperature:

➢ T = 1400-1700 K

▪ Material flows:

➢ mpetcoke = 30-50 kg/h

➢ mwater =  60-100 kg/h

▪ Syngas production:

➢ msyngas = 100-180 Nm3/h

PSA

ceramic cavity

Concentrated

Solar

Radiation

quartz window

syngas

(H2 + CO)

Petcoke + H2O slurry

H2O nozzle

vortex flow

Petcoke + H2O slurry
Solar Vortex Reactor – 500 kW
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Thermochemistry
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Solar Reactor Technology
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• Fuel 89, 1133–1140, 2010.
• AIChE Journal 57, 3522-3533, 2011.
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<300kW

• Energy & Fuels 27, 4770-4776, 2013.

Solar Two-Cavity Reactor – 250 kW
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Low Rank Coal

Fluff 1 Industrial sludge 1

Industrial sludge 2

Tire chips

Dried sewage sludge

Industrial sludge 2Bagasse

Beech charcoal

Fluff 2

• Energy & Fuels 27, 4770-4776, 2013.

Solar Gasification Pilot Plant
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• Energy & Fuels 27, 4770-4776, 2013.

Solar Gasification Pilot Plant
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