
Towards, Competitive, Reliable, Safe and Sustainable 
Concentrated Solar Power (CSP) Plants

Midterm meeting REA, 18-19 April 2024 

DC7 – Task 2.4: 

Concentrated solar system for solar 
fuels production



Midterm meeting REA, 18-19 April 2024 

1. Introduction

2. Solar Fuel Production Methods

• Solar Fuel Production with CS

• Thermochemical Cycles
• 2-Step Redox cycle

3. System Simulation

•Optical Simulation
• Heliostat Field
• Receiver

• Reactor simulation
• Thermal performance
• Chemical performance

• Plant simulation

4. Next steps

HORIZON MSCA Doctoral Network, Project number 1010725372

TABLE OF CONTENTS



Midterm meeting REA, 18-19 April 2024 

1. Introduction

2. Solar Fuel Production Methods

• Solar Fuel Production with CS

• Thermochemical Cycles
• 2-Step Redox cycle

3. System Simulation

•Optical Simulation
• Heliostat Field
• Receiver

• Reactor simulation
• Thermal performance
• Chemical performance

• Plant simulation

4. Next steps

HORIZON MSCA Doctoral Network, Project number 1010725373

TABLE OF CONTENTS



Education
[2014-2019] Bachelor’s degree in mechanical engineering at Universidad Carlos III de Madrid. 

[1] Bachelor’s thesis: Influence of the curvature of a field of Fresnel heliostats

A. González-Silvestre, J. Gómez-Hernández. “Influencia de la curvatura de un campo de heliostatos Fresnel”. TFG, 
Universidad Carlos III de Madrid, Madrid, Spain, 2018. 

[2021-2022] Master’s degree in Industrial Mechanics at Universidad Carlos III de Madrid. 

       [2] Master’s thesis: Control of a Fresnel heliostat guidance system using Arduino

A. González-Silvestre, J. Gómez-Hernández, S. Taramona. “Control de un sistema de guiado de heliostatos Fresnel 
mediante Arduino”. TFM, Universidad Carlos III de Madrid, Madrid, Spain, 2022.

Midterm meeting REA, 18-19 April 2024 

HORIZON MSCA Doctoral Network, Project number 1010725374

1. Introduction

Working Experience
[2022 - 2023] Metrology Research & Innovation Consultant

[2020 – 2022] Building installations quality control engineer

PhD candidate: 
Alejandro González Silvestre



Midterm meeting REA, 18-19 April 2024 

HORIZON MSCA Doctoral Network, Project number 1010725375

1. Introduction

PhD Topic/Title: Concentrated solar system for solar fuels production

Supervisor: Marco Binotti      Co-supervisor: Gioele di Marcoberardino

Optimisation and techno-economic performance analysis of thermochemical cycles 
for H2 production to be integrated in a point-focus CSP system.

This PhD will consider the most promising thermochemical and 
photo-thermochemical cycles for H2 production, and will evaluate their integration 
in point-focus CSP systems. 

The system concentration ratio, flux distribution and operating temperature will 
be optimized to identify the best operating conditions given by the trade-off between 
optical efficiency and reactor yield.

Besides, results in terms of solar-to-fuel conversion efficiency under design 
conditions, yearly H2 yield, and preliminary economic assessment will be provided.

Main objective:

Main steps:

Host Institution:
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Year 1 Year 2 Year 3

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14 M15 M16 M17 M18 M19 M20 M21 M22 M23 M24 M25 M26 M27 M28 M29 M30 M31 M32 M33 M34 M35 M36

1. Literature review                                                                        

2. 2-Step redox Ceria based cycle                                                                        

2.1. Theoretical analysis                                                                        

2.2. Optical analysis                                                                        

2.3. Thermo-chemical analysis                                                                        

2.4. Techno-economic analysis                                                                        

3. PhD courses                                                                        

3.1. Smart Energies for the Future
3.2. Applied Thermal Sciences
3.3. Research Skills

4. 1st Secondment (CyI)                                                                        

Generative design receiver-reactor.

5. Biomass Gasification/pyrolysis                                                                        

5.1. Theoretical analysis                                                                        

5.2. Optical analysis                                                                        

5.3. Thermo-chemical analysis                                                                        

5.4. Techno-economic analysis                                                                        

6. 2nd Secondment (Synhelion)                                                                        

Syngas from biogenic feedstocks.

7. Thesis writing                                                                        
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2. Solar Fuel Production with CSP

Solar 
Thermolysis

Hydrocarbon 
feed

Gaseous feed Solid feed

Methane

Reforming Thermal 
Decomposition

Steam 
Reforming

Dry 
Reforming

Coal Biomass

Coal 
Gasification

Biomass 
Gasification

Thermochemical 
cycles

Two-Step cycles: 
Metal Oxides

Multistep 
cycles

Volatile Metal 
Oxides

Non-Volatile 
Metal Oxides

Zinc Ferrite

Ceria

Sulfur - Iodine

Calcium 
Bromide cycle

Pure Thermal Hybrid cycles

Hybrid Sulfur 
cycle

Copper 
Chloride

SOLAR FUEL PRODUCTION WITH CONCENTRATED SOLAR POWER PLANTS (CSP)

The different solar fuel production methods with CSP can be classified in the 

following manner:
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2. Solar Fuel Production with CSP
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SOLAR FUEL PRODUCTION WITH CONCENTRATED SOLAR POWER PLANTS (CSP)

During the first part of the PhD the main focus of the research are 

thermochemical cycles.
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2. Solar Fuel Production with CSP

SOLAR FUEL PRODUCTION WITH CONCENTRATED SOLAR POWER PLANTS (CSP)

Thermochemical 
cycles

Two-Step cycles: 
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Multistep 
cycles
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cycle
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 Thermochemical

These thermochemical cycles can be classified in two-step and multi-step 

processes.
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SOLAR FUEL PRODUCTION WITH CONCENTRATED SOLAR POWER PLANTS (CSP)

Thermochemical 
cycles

Two-Step cycles: 
Metal Oxides

Multistep 
cycles

Volatile Metal 
Oxides

Non-Volatile 
Metal Oxides

Zinc

Ceria

Sulfur - Iodine

Calcium 
Bromide cycle

Pure Thermal Hybrid cycles

Hybrid Sulfur 
cycle

Copper 
Chloride

 Thermochemical

The selected process for the research is the 2-step redox cylce based on Ceria 

(CeO2).

2. Solar Fuel Production with CSP
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2. Solar Fuel Production: 2-Step Redox Cycle

 

  

  

 

 

 

 

A common 2-step Redox cycle can be defined as follows:
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3. System simulation

OPTICAL SIMULATION

RECEIVER

HELIOSTAT FIELD

RAYTRACE DATA

Receiver Thermal Power

Optical & Thermal 
efficiency

Layout costs

MAIN RESULTS

REACTOR SIMULATION

THERMOCHEMICAL SIMULATION

MAIN RESULTS

Solar fuel 
(H2, CO, syngas) yield

Operating Conditions

PLANT SIMULATION

PLANT SIMULATION

MAIN RESULTS

Overall system efficiency

Levelized Cost of Fuel (LCOF)

The overall simulation of the system can be classified in 3 groups, optical simulation, 

thermochemical simulation and plant simulation:

SolTrace SolarPILOT ASPEN+

Software legend
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3. System optimization

Theoretical geometrical analysis

Reaches 100 MW?

 

No
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System simulation 
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3. System optimization
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3. Optical simulation: Heliostat field

 

 

High concentration 

ratio (CR)

Secondary concentrator 

(CPC)

Also geometrical parameters of the 
CPC need to be optimized:

 



Midterm meeting REA, 18-19 April 2024 

HORIZON MSCA Doctoral Network, Project number 10107253718

3. Optical simulation: Heliostat field
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3. Optical simulation: Heliostat field

Theoretical assessment of the impact of the field design parameters on the power/efficiency

Effect of receiver tilt

 

Effect of receiver acceptance angle
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3. Optical simulation: Heliostat field

• The minimum tower height to achieve the desired power is obtained considering a first rough optical 

efficiency estimate

• This optical efficiency includes simple geometrical effects: cosine efficiency and attenuation

This analysis can significantly reduce the number of required ray-tracing simluations
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3. Optical simulation: Heliostat field
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3. Optical simulation: Heliostat field

 
 

 

 

 

 

 
 

 
 

 
 

 
 

 
 

 

 

 
 

 
 

 

 

This analysis will eventually allow us to find and select the configurations:

• That have higher efficiency.

• That have lower costs. 
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3. Optical simulation: Heliostat field

With the data form the heliostat field, we can simulate the raytracing on the 

CPC:
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3. Optical simulation: Heliostat field

With the data form the heliostat field, we can simulate the raytracing on the 

CPC:
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3. Reactor simulation: Thermal performance

Due to the high temperatures reached at the reactor, is necessary to estimate the thermal 
losses due to the aperture. Other considerations include a limit on the quartz window 
maximum operating temperature, which will be considered at 800 ºC.
Therefore, a MATLAB code is being implemented:
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3. Reactor simulation: Thermal performance

Due to the high temperatures reached at the reactor, is necessary to estimate the thermal 
losses due to the aperture. Other considerations include a limit on the quartz window 
maximum operating temperature, which will be considered at 800 ºC.
Therefore, a MATLAB code is being implemented:

[W] [W] [W]
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3. Reactor simulation: Chemical performance

Once the heat input is provided, it is possible to compute the thermochemical cycle 

performance. The thermochemical cycle takes place at two different reactors, the reduction 

reactor and the oxidation reactor.
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3. Reactor simulation: Chemical performance
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4. Next Steps

• We are working on a thermodynamic model of the receiver.

Thermodynamic model of the reactor

• With the thermodynamic model is finished, we will be able to simulate all the parts of the system.

Whole system coupling

• A techno-economical analysis of the overall system will be carried out.

Techno-economic analysis of the system

• Other thermochemical processes will be studied and modelled:

• Methane-driven two-step ceria cycle.
• Biomass gasification/pyrolysis.

Study of different thermochemical processes

• Compute the CPC analysis on the selected cases.

CPC Optical analysis
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THANK YOU FOR YOUR ATTENTION!


