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Almería Solar Platform (PSA), CIEMAT, Spain (Ruiz-Bustinza et al. 2013)
• Reduction of Fe2O3 in steel wastes to Fe3O4 in a Fluidised bed Reactor → Successful 

Reduction using N2 with 5 vol. % H2 gas mixture at 900-1000 °C

PROMES-CNRS, Odeillo, France (Fernández-González et al. 2018; Mochón et al. 2014)
• Iron Ore Sintering at 1200 to 1400 °C for between 12 and 20 min in air → Not Successful
• Reduction of Sinter bed (5cm) by Coke Breeze → Non-Uniform Reduction, Moving system 

was recommended 
• Fe2O3 reduction by carbon dust → Partial Reduction to Fe3O4, FeO and Fe

Paul Scherrer Institute, PSI, Switzerland (Steinfeld & Fletcher, 1991; 1992)
• Fe2O3 Reduction by Graphite in cavity reactor → 77-78 % Fe at 1570-1730 °C, 1 hr
• Fe3O4 Reduction by Methane in Fluidised bed reactor → 68 % Fe at 1000 °C, 15 min

Swinburne University, Australia (Purohit et al. 2018; Ekman et al. 2015)
• Fe3O4-Pulverised coal pellet Reduction using Solar Simulator → 58 % Fe at 1130 °C, 1.5 hr

Solar Experiments for Steelmaking

3



Pellets
Sinters

AGGLOMERATION

IRONMAKING

STEEL MAKING

Coke

Coal

COKE OVEN

Coal

BLAST FURNACE
>  95 % Fe

Fossil Fuels

CO2

CO2

CO2

Steelmaking

BOF

1200-1450°C

1900-2000°C

1650°C

Midrex

Fossil Fuels

Natural Gas 
(Reformed)

CO2

CO2

Pellets

CO2

Dominates Rest

EAF

1150-1200°C

1750°C

• H2 Gas
• Green Electricity
• Direct Solar Heat



5

Background of LMP Process

1. Comparable Strength and Reducibility to Industrial Sinters.
2. LMPs can be used for the Blast Furnace ironmaking as well as DRI processes.
3. Technoeconomic feasibility has been tested.
4. LMP, as it stands, is a saleable “product” that can be easily transported.
5. Can significantly reduce the direct CO2 emission from the current ironmaking



National Centre for Scientific Research (CNRS), France
• 1 MW pilot-scale Solar furnace (Continuous Fluidised Bed reactor) 
• 95.2 % Conversion at 20 Kg/hr Flow rate, 950 to 1050 °C
German Aerospace Centre (DLR), Germany
• 10 kW Rotary Kiln (Continuous)
• 95 % Conversion at 7.7 Kg/hr Flow rate, 1000 °C
Institute of Carbon Science and Technology (INCAR)-CSIS, Spain
• 30 kW pilot-scale bubbling fluidised bed (BFB) reactor, Calcination  

using Steam-rich gas
Paul Scherrer Institute, PSI, Switzerland
• 18 to 28 kW Cyclone Reactor, 1000 °C, 90 % Conversion
• 10 kW Rotary Kiln (Continuous), 927 to 1127 °C, 98 % Conversion
• 10 kW Fixed Bed (Continuous), 1050 to 1150 C, 95 % Conversion

SOLPART Project-Funding from Horizon 2020 European Programme

Solar Calciners Prototypes (TRL of 4-5)

Zsembinszki et al., 2018, Energies; Esence et al, 2020, Solar Energy, Meier et al, 2005, ASME 6



Solar Agglomeration 
using Solar Simulator-
Hybrid Reactor at 
Swinburne University 
of Technology 
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Temperature Profile inside Quartz Tube
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XRD results of LMPs reacted under electric and solar heating



(c): Stoichiometric LMP-
Electric Heated

(d): Stoichiometric LMP-
Solar Heated

(a): Half-stoichiometric
LMP- Electric Heated

(b): Half-stoichiometric
LMP- Solar Heated
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Microstructure Analysis
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Mass & Energy 
Balance

• Steady State
• Complete CaCO3

Decomposition
• Impurities remain 

Unreacted
• Calorific Value of NG 

= 49 MJ/Kg
• Reactions at 1050 °C
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Mass & Energy 
Balance

• Off-gas Heat loss & CO2

Emission ↓with ↑Solar 
Flux 

• 75 Kg CO2 from 
CaCO3Decomposition



14Zsembinszki et al., 2018; Esence et al, 2020; Meier et al, 2005; Pye et al 2019



CAPEX Items when Heliostat Cost is 100 and 150 A$/m2 (for Reactor’s Thermal Efficiency of 50 %)
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Conclusions

Solar LMP - A potential Iron ore Feedstock

Pilot Tests with large sample batch

Challenges for Commercialization:
1. High Efficiency of Solar Reactor
2. Cost Reduction of Heliostat Mirrors
3. Improving Thermal Storage Efficiency

Direct applications of Solar heat for Iron Ore 
agglomeration/DRI can reduce the quantity 
of H2 gas 

17



Acknowledgments

The authors are grateful to Swinburne University of Technology for
access to Solar Simulator-hybrid reactor setup and CSIRO for access
to characterization facilities. The authors would like to thank Aaron
Torpy for EPMA analysis.

18


