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INTRODUCTION

• Mitigation of climate change requires the use of more renewable energies.

• Solar energy is a serious candidate. 

World energy consumption (2019)
=6*1020 J

Annual solar potential
=3.4*1024 J

Solar potential is about 7500 times 
what we need !



INTRODUCTION

• Current technologies allow solar energy to be converted into 2 forms: heat or 
electricity
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INTRODUCTION

Source: 
Solar Payback project-2017

• Heat demand in 
industry represents 
75% of the energy 
need

• How to provide 
renewable heat?



INTRODUCTION

• Concentrated solar power enables to concentrate Direct Normal Irradiance to 
convert solar energy into high temperature heat



SOLAR FUELS

• Solar heat can be used to produce solar fuels
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SOLAR FUELS

• Solar methane cracking

CH4 2 H2+ C(s) H° = 75 kJ mol−1

U=1.08



SOLAR FUELS

• SOLHYCARB project: indirect vs. direct heating concept
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SOLAR FUELS

• Solar reforming

CH4 +H2O 3 H2+ CO   H° = 249 kJ mol−1

U=1.28



SOLAR FUELS

• Solar reforming: SOLREF

S. Möller, D. Kaucic, C. Sattler, Hydrogen production by solar reforming of natural gas: a 
comparison study of two possible process configurations, Journal of Solar Energy Engineering, 
128(1), 2006, 16-23.



SOLAR FUELS

• Solar gasification
CH1.66O0.69 +0.31H2O 1.14 H2+ CO   H° = 156 kJ mol−1

U=1.35



SOLAR FUELS

Boujjat, H., Rodat, S., Chuayboon, S., & Abanades, S. (2020). Experimental and CFD 
investigation of inert bed materials effects in a high-temperature conical cavity-type reactor for 
continuous solar-driven steam gasification of biomass. Chemical Engineering Science, 115970.

• Spouted bed reactor



SOLAR FUELS

• Thermochemical cycles



SOLAR FUELS

• Thermochemical cycles (ZnO/Zn)

ZnO Zn(g) + ½ O2 , ΔH>0, T>2000K

Zn + H2O  ZnO + H2, ΔH<0, T=700K

Chambon, M., Abanades, S., & Flamant, G. (2010). Design of a lab-scale rotary cavity-type solar 
reactor for continuous thermal dissociation of volatile oxides under reduced pressure. Journal of 
solar energy engineering, 132(2).



SOLAR FUELS

• González-Pardo, A., Denk, T., & Vidal, A. (2020, December). Lessons learnt during the construction and start-up of 3 
cylindrical cavity-receivers facility integrated in a 750 kW solar tower plant for hydrogen production. In AIP Conference 
Proceedings (Vol. 2303, No. 1, p. 170008). AIP Publishing LLC.

MxFe3-xO4  MxFe3-xO4-y (s)+ y/2 O2 ΔH>0, T>1300K

MxFe3-xO4-y + y H2O  MxFe3-xO4+ y H2  ΔH<0, T<1300K

• Thermochemical cycles (ferrites)



CHALLENGES

• Continuous (H24) solar processes

Internal heating of a hybrid solar processExternal heating of a hybrid solar process

Indirect heat supply Direct heat supply

Rodat, S., Abanades, S., Boujjat, H., & Chuayboon, S. (2020). On the path toward day and night 
continuous solar high temperature thermochemical processes: A review. Renewable and 
Sustainable Energy Reviews, 132, 110061.



CONCLUSION

• Concentrated solar energy, a serious alternative to fossil heat (same value if 
solar processes are continuous).

• Continuous solar processes allow better product quality and improve the 
reliability and profitability of the processes and therefore their credibility for 
large-scale deployment.

• Can be used for a multitude of processes.

• Solar energy: a good for all.

• With solar energy you can do everything ...



PERSPECTIVES
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And it is
possible to 
refill coal
mines!

Solar 
energy
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convert
atmospheric
CO2
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PERSPECTIVES 2050

Everything is back to normal…



PERSPECTIVES

Willwerth, L., Feldhoff, J. F., Krüger, D., Keller, L., Eickhoff, M., Krüger, J., ... & Khenissi, A. 
(2018). Experience of operating a solar parabolic trough direct steam generation power plant 
with superheating. Solar Energy, 171, 310-319.

• CSP in Thailand !

5 MWe
Direct steam generation
Parabolic trough (30 bars, 330°C)
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Thank you for your attention !

Enjoy the conference and good work !

Questions ?

www.promes.cnrs.fr


