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Plataforma Solar de Almería – Ciemat
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Concentrated Solar Power:
Line Concentrating Systems – Parabolic Troughs
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Concentrated Solar Power:
Point Concentrating Systems – Solar Towers
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Concentrated Solar Power: Solar Furnace
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Oresol Project
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Solar Thermal Lunar Ilmenite Reduction
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Fluidized Beds – Minimum Fluidization Velocity
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• Gas Velocity decreases 
slightly with Temperature.

• Gas Mass Flow
(not Volume Flow!)
decreases drastically
with Temperature.

• Gas Velocity decreases
with Gravity!
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Oresol Hardware – Reactor
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Oresol Hardware – Particles Feed
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Oresol Hardware – Downstream
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Solar Concentrator
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– "Mussel"‐Concentrator
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Oresol – Present Status

13



MOON 2020‐2030, Noordwijk, 2015/Dec/16
Thorsten Denk, Plataforma Solar de Almería             tdenk@psa.es

• Solar Thermal Fluidized Bed Reactor for Continuous 
Operation including Auxiliary Components (especially 
off‐gas Treatment) Designed and (mostly) Built.

• (Cold) Pretests concerning Component Behavior and 
Fluidization Properties Done.

• Start of Solar Tests Beginning of 2016.
• Goal: “Squeeze the Moon Rock”
• Future: Consortium of 6 European Institutions applied for 

H2020 FET‐Open Funding: APTL (Greece), PSA (Spain), DLR 
(Ger), HyGear (NL), WWU (Ger), Euronovia (France)

Oresol – First Results and Present Status
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Some Numbers…
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• Ilmenite Content: 10% (after enrichment)
• Sulphur Content:   0.1%
• Hydrogen Excess:   5x
• => OutGas Comp: 79%H2, 20%H2O, 1%H2S

• => net Oxygen: 0.63kg/h  2.8t/yr
• => Regolith:    1.1kg/min  290 t/yr

• Mining Depth:  50 cm
• Sieving/Enrichment Yield: 25%
• => Square of 30m x 30m /year

• => for 6‐8 Astronauts (incl. night)
• => for 3 Apollo LM Ascent Stages / year
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Concentrated Solar Power: Concepts
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Line Focusing Systems:
Parabolic Trough

Point Focusing Systems:
Solar Tower
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Lunar Oxygen Production Processes

18Source: Taylor, Carrier: Oxygen Production on the Moon: An Overview and Evaluation. Univ. of Arizona Press; 1993.

FeTiO3 + H2  Fe + TiO2 + H2O (1)
H2O  H2 + ½ O2 (2)



MOON 2020‐2030, Noordwijk, 2015/Dec/16
Thorsten Denk, Plataforma Solar de Almería             tdenk@psa.es

Fluidized Beds

19Source: Kunii, Levenspiel: Fluidization Engineering. Butterworth Heinemann, Boston, 1991.

umf u0
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Geldart Classification of Particles

20Source: Derek Geldart: Types of Gas Fluidization. Powder Technology, 7 (1973) 285-292

• A: aeratable
(small)

• B: bubbling
(sandlike)

• C: cohesive
(very fine)

• D: dense/large
(spoutable)
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Oresol Process Scheme
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Oresol Hardware – Reactor
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Solids In Solids Out
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Oresol Hardware – Particles Removal
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Oresol Hardware – Particles Removal
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Oresol Hardware – Recirculation & Upstream
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Oresol Hardware – Electrolyzer

26



MOON 2020‐2030, Noordwijk, 2015/Dec/16
Thorsten Denk, Plataforma Solar de Almería             tdenk@psa.es

Window for Lunar Vacuum
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Solar Concentrator (Heliostat)

28Lightsail – A (The Planetary Society)
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Regolith Excavation & Pre‐Processing
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Regolith Excavation & Pre‐Processing
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Screening
Ilmenite

(Kenmare Moma)
JSC-1A
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Regolith Excavation & Pre‐Processing
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Enrichment

Ilmenite JSC-1A

Magnet
(Axis of the Belt)
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Solar Thermal Lunar Ilmenite Reduction

32

(1) Solar
Concentrator

(2) Solar Thermal
Reactor

(3) Heat
Recovery/Cooling

(4) Solid/Liquid/Gas
Separation/Cleaning

(5)
Electrolysis

(6) Oxygen
Storage

(8) Regolith
Excavation

(9) Regolith
Pre‐Processing

(10) (Solid) Waste
Post‐Processing

(11) Electric
Power Supply (PV)

(7) Hydrogen
Preparation

(12) Heat
Rejection

Solar Radiation

H2O+H2+X

H2O

O2

H2O+
H2+X

H2

H2

H2

Heat

Heat

Regolith

FeO-rich Regolith

Tailings

Electric Power

X

H2

FeO-rich
Regolith

Tailings



MOON 2020‐2030, Noordwijk, 2015/Dec/16
Thorsten Denk, Plataforma Solar de Almería             tdenk@psa.es

Solar Thermal Lunar Ilmenite Reduction
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