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Introduction, 
Process Scheme Indirectly heated CaL1

• No air separation 
unit is necessary

• Few impurities 
(sulfur, ash)

• Synergies with 
cement & lime
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Experimental 
Reactors 300 kWth Pilot Plant2
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BFB

Carbonator Calciner/ 
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Inner Diameter/ L x W 0.25 m 1.1 x 0.3 m
Outer Diameter/ L x W 0.6 m 1.4 x 0.9 m
Height 8 m 2.6 m

Carbonator



03.09.2024 | Technical University Darmstadt |  Institute for Energy Systems & Technology  |  Prof. Dr.-Ing. B. Epple  |  4

Solid flow
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Gas flow
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Experimental Range2

• 300 h of operation in CO2-capture mode
24 h with co-firing lignite 
24 h with co-firing waste derived fuels

• Two different sorbents applied
• Decarbonization of real flue gas in carbonator

Variable Unit Range

Calciner Carbonator Combustor

T Temperature °C 7500 -- 900 500-680 820-950

Ws Specific inventory kg/m² 10000 -00000000000---1600 200-1000 1000-1600

u0,out Superficial velocity m/s 0.20. -22222------0.4 3.5-5.5 1.2-1.75

Thermal load kWth 505 -5000000000000000---------------200 - 200-365

PSD  sorbent
s

Limestone
= 181 μm

Limestone
= 450 μm

Sand
= 760 μm
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Results (I), 
Reactor Temperature & Pressure Profile3
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• Limestone = 450 μm
• u0Calc = 0.3 m/s
• u0Carb = 5.5 m/s
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Results (II), 
Heat Pipe Heat Exchanger Performance3

Screw conveyer

= 450 μm

= 181 μm
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Performance is mainly limited by heat transfer 
between bed and heat pipes

• Low fluidization numbers and small particles 
favorable for heat transfer

• Expected max. heat transfer close to umf [1]

• u0min=0.2 m/s due to CO2 release

In pilot plant impact of optimal fluidization 
dominant

= 810°C

= 800°C

= 830°C

= 750°C

Other dependency needed to be 
considered
Further assessment and 
parameter study necessary

.

[1] Martin,1980
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Summary & Outlook4

• Limestone of high Geldart B class most 

suitable for the IHCaL- facility

• Stable hydrodynamics achieved

• First operation with solid fuels 

Hönnetal lime plant 
(source: Lhoist)

Outlook

• Further pilot testing of operational behavior

Up-scaling to demo-plant size
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IHCaL-Facility
Erected in 2015
8 m high
3 Fluidized bed 
reactors

CO2 Capture - Pilot Plants at TU Darmstadt

Gas treatment plant
Low and high 
pressure range
Amine wash (18mm)

CO2-Hall – CaL/ 
Gasification Facility

Erected in 2009
20 m high
Combustion chamber
2 Fluidized bed reactors

Synthesis 
test rig




