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synthesis test rig

gas cleaning plant 

(gasification)

1 MW pilot unit

laboratories

Experimental facilities at 

EST – TU Darmstadt
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SCALING CLC OF WASTE
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150 kWth pilot unit at 

SINTEF Energy
1 MWth pilot unit at TU 

Darmstadt

Further technology upscaling, 

(e.g. through the design of a 

10 MW CLC demo plant)

Pilot testing within this work
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EXPERIMENTAL SET-UP:
PILOT PLANTS
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EXPERIMENTAL SET-UP:
PILOT PLANTS
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Aligned layout:

→ 2 CFBs for AR & FR

→ Circulation based on entrainment

→ No external heating
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EXPERIMENTAL SET-UP:
MATERIALS
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Fuel: SRF*-Pellets

by N+P Group

Volatile 
matter
76%

Ash
13%

fixed C
7%

Moisture
4%

LHV 

~20 MJ/kg

OC: Ilmenite

by Titania AS
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Particle size  [µm]

dp,m ~ 110 µm

All materials are commercially 

available in large quantities!

* SRF: Solid Recovered Fuel
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Temperature profile 

fuel reactor

RESULTS: HYDRO- & 
THERMODYNAMICS
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Pressure profile 

fuel reactor

Aligned operation:

→ Homogenous temperatures

→ Similar pressure profiles and inventories

→ Comparable hydrodynamic regime
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Grace Diagram for the fuel reactor

(acc. to Kunii & Levenspiel2)
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RESULTS: OXYGEN DEMAND 
FOR ALL CONDUCTED EXP.
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1 MW with SRF “N+P”

150 kW with SRF “N+P”

150 kW with Biomass “VAPO”

150 kW with SRF “Ragn Sells”

Oxygen demand: Fraction of fuel 

combustion in the post-oxidation step
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RESULTS: CARBON 
CAPTURE EFFICIENCY
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1 MW with SRF “N+P”

150 kW with SRF “N+P”

150 kW with Biomass “VAPO”

150 kW with SRF “Ragn Sells”

Carbon capture efficiency: Fraction of 

fuel carbon captured
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Aligned pilot tests of CLC with waste were conducted 

at 150 kWth and 1 MWth scale

Process showed consistent behavior across these 

scales, which supports the reliability of pilot data for 

further scale-up 

As main performance driver, fuel reactor temperature 

was observed

SUMMARY & OUTLOOK
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