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Ke y d e ve lo p m e n ts  fro m  SFERA III s o la r fu e ls  re s e a rc h
• Formulation, dissemination, and application of performance indicators for solar fuel 

production reactors

• Demonstration of model based predictive control for solar biomass gasification

• Solar methane reforming at the solar tower in IMDEA 

• Countercurrent regenerative reactors for enhanced chemical conversion



Frontiers in Energy Research 
2023 Special Issue (DOE project HydroGEN): Advanced water splitting technologies development: Best 
practices and protocols.
Editors: Bulfin, Brendan, Marcelo Carmo, Roel Van de Krol, Julie Mougin, Kathy Ayers, Karl J. Gross, Olga A. 
Marina, George M. Roberts, Ellen B. Stechel
20 Articles

SFERA contribution (ETH & LNEG): Bulfin, B., Miranda, M., & Steinfeld, A. (2021). Performance indicators 
for benchmarking solar thermochemical fuel processes and reactors. Frontiers in Energy Research, 9, 
677980.
25 citations

Pe rfo rm a n c e  in d ic a to rs  fo r s o la r fu e l p ro d u c t io n  re a c to rs



So la r b io m a s s  g a s ific a t io n  ( CEA & CNRS)

Karout, Youssef, et al. "Model-based predictive control of a solar hybrid thermochemical reactor for high-temperature steam gasification of 
biomass." Clean Technologies 5.1 (2023): 329-351.
Curcio, Axel, et al. "Design and validation of reactant feeding control strategies for the solar-autothermal hybrid gasification of woody biomass." 
Energy 254 (2022): 124481.
Zuber, Mario, et al. "Methane dry reforming via a ceria-based redox cycle in a concentrating solar tower." Sustainable Energy & Fuels 7.8 (2023):
1804-1817.
Curcio, Axel, et al. "Experimental assessment of woody biomass gasification in a hybridized solar powered reactor featuring direct and indirect 
heating modes." International Journal of Hydrogen Energy 46.75 (2021): 37192-37207.



So la r b io m a s s  g a s ific a t io n  -  a u to m a t io n
Reactor Control:

DNI Forecasting:



So la r b io m a s s  g a s ific a t io n  –  a u to m a t io n  te s t in g



So la r m e th a n e  re fo rm in g  
( ETHZ & IMDEA)

Zuber, Mario, et al. "Methane dry reforming via a ceria-based redox 
cycle in a concentrating solar tower." Sustainable Energy & Fuels 7.8 
(2023): 1804-1817.



So la r m e th a n e  re fo rm in g  –  He lio s ta t  c o n t ro l ( SCADA)
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So la r m e th a n e  re fo rm in g  –  Re a c to r Pe rfo rm a n c e
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Co u n te rc u rre n t  re a c to rs  –  s a m e  p rin c ip le  
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Co u n te rc u rre n t  re g e n e ra t ive  re a c to r –  De m o n s t ra t io n  

Bulfin, B., Zuber, M., Gräub, O., & Steinfeld, A. (2023). Intensification of the reverse water–gas shift process using a 
countercurrent chemical looping regenerative reactor. Chemical Engineering Journal, 461, 141896.



Co u n te rc u rre n t  re g e n e ra t ive  re a c to r –  a p p lic a t io n  

Power-to-X and the RWGS reaction

Water electrolysis
RWGS

𝐇𝐇𝟐𝟐 + 𝐂𝐂𝐎𝐎𝟐𝟐 → 𝐇𝐇𝟐𝟐𝐎𝐎 + 𝐂𝐂𝐎𝐎 GTL
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Fo llo w  o n  in ve s t ig a t io n s

• Automation of scaled up solar reactors
• Heliostat control, DNI forecasting, model based 

predictive control, demonstrating TRL 5 +

• Follow up research on solar fuel reactor systems:
• Biomass gasification - scale up and on un sun 

testing
• Methane reforming – Test direct catalytic 

route
• Two-step cycles – Sun-to-liquid 2

• Follow up research on regenerative reactor systems:
• 3 proposals submitted (one failed)
• Targeted applications are Power-to-X and 

methane reforming
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