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Introduction - Main Objectives

• To carry out an up-to-date study on natural gas steam 
reforming using solar energy; 

• To build an indoor solar simulator for laboratory studies;

• Thermal design of the black cavity reactor.

• To carry out an experimental and numerical work of    
thermochemical reactions powered by solar energy.
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Introduction - Main Objectives

This project  is developing a solar-powered steam-methane reformer (SMR). The reformer sits at 
the focal point of a parabolic dish concentrator, with the concentrated solar energy providing the 
endothermic heat of reaction. The result is a syngas comprising mostly H2 and CO with a heating 
value approximately 27% higher than the entering natural gas.
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Introduction - A hybrid solar-gas system 
for natural gas steam reforming
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Main Research Areas: Concentrator  - Receiver/ Reactor .  

Concentrator
 Reflectivity of

materials
 Equilibrium

temperature
 Heat flow
 Design and

construction Receiver/ Reactor
Design and construction of: 
 Concentrator
 Catalyzer
 Reactor
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Experimental - A hybrid solar-gas system 
for natural gas steam reforming
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Concentrator
 Reflectivity of materials
 Equilibrium temperature
 Heat flow
 Design and construction
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Experimental - A hybrid solar-gas system 
for natural gas steam reforming
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It will define the 
cavity aperture size
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Experimental - A hybrid solar-gas system 
for natural gas steam reforming

Lambertian plate construction
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Results and discussion  - A hybrid solar-gas 
system for natural gas steam reforming

Lambertian plate provisional: 
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Scheme of a solar reactor concept for 
the reforming of natural gas (Epstein, 

2011)

Receiver/ Reactor
Design and construction
of: 
 Concentrator
 Catalyzer
 Reactor

Schematic diagram of a CPC collector

 The Tonatiuh project aims to create 
an open source, cutting-edge, 
accurate, and easy to use Monte Carlo 
ray tracer for the optical simulation of 
solar concentrating systems.

Results and discussion  - A hybrid solar-gas 
system for natural gas steam reforming
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Receiver/ Reactor
Design and construction
of: 
 Concentrator
 Catalyzer
 Reactor

Results and discussion  - A hybrid solar-gas 
system for natural gas steam reforming
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Conclusions 

• Increasing the equilibrium temperature up to 470 ° C. 

• Higher rise in equilibrium temperature: mirror tape 
and resin reflector 

– construction of a new concentrator. 

• Next Steps:

– Characterization of Solar Simulator Spectrum;

– Reactor Design
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 Master's degree qualification of Luma
 COBEM – International Congress of Mechanical Engineering
 World Hydrogen Energy Conference (WHEC)
 São Paulo School of Advance Science on Renewable Energies

Results and discussion  - A hybrid solar-gas 
system for natural gas steam reforming



RESEARCH CENTRE FOR GAS INNOVATION

References
• Villafán-Vidales, H.I; Arancibia-Bulnes, C.A; Riveros-Rosas, D; Romero-Paredes, H; Estrada, C.A. Renewable 

and Sustainable Energy Reviews,75 (2017) 894–908.

• Abanades, S., Charvin, P., Flamant, G., & Neveu, P. (2006). Screening of water-splitting thermochemical cycles 
potentially attractive for hydrogen production by concentrated solar energy. Energy, 31(14), 2469–2486. 
http://doi.org/10.1016/j.energy.2005.11.002

• Agrafiotis, C., Roeb, M., & Sattler, C. (2014). A review on solar thermal syngas production via redox pair-
based water/carbon dioxide splitting thermochemical cycles. Renewable and Sustainable Energy Reviews, 42, 
254–285. http://doi.org/10.1016/j.rser.2014.09.039

• ANEEL – Agência Nacional de Energia Elétrica. Energia Solar Available at: 
http://www2.aneel.gov.br/aplicacoes/atlas/pdf/03-Energia_Solar(3).pdf

• Coelho, R., Denizar, M. (2012). An Optimized Maximum Power Point Tracking Method Based on PV Surface 
Temperature Measurement, Sustainable Energy - Recent Studies, Dr. Alemayehu Gebremedhin (Ed.), InTech, 
DOI: 10.5772/51167. Available from: http://www.intechopen.com/books/sustainable-energy-recent-
studies/an-optimized-maximum-power-point-tracking-method-based-on-pv-surface-temperature-
measurement

• IEA – International Energy Agency. Solar Energy Perspectives. Available at: 
http://www.iea.org/publications/freepublications/publication/solar_energy_perspectives2011.pdf
IEA – International Energy Agency. Snapshot of Global Photovoltaic Markets. Available at: http://www.iea-
pvps.org/fileadmin/dam/public/report/PICS/IEA-PVPS_-__A_Snapshot_of_Global_PV_-_1992-2015_-
_Final_2_02.pdf

13

http://doi.org/10.1016/j.rser.2014.09.039
http://www2.aneel.gov.br/aplicacoes/atlas/pdf/03-Energia_Solar(3).pdf
http://www.intechopen.com/books/sustainable-energy-recent-studies/an-optimized-maximum-power-point-tracking-method-based-on-pv-surface-temperature-measurement
http://www.iea.org/publications/freepublications/publication/solar_energy_perspectives2011.pdf
http://www.iea-pvps.org/fileadmin/dam/public/report/PICS/IEA-PVPS_-__A_Snapshot_of_Global_PV_-_1992-2015_-_Final_2_02.pdf


THANK YOU


