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1. Utilization of existing infrastructure
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[1] https://www.nationalgeographic.de/umwelt/kohle-wie-lange-noch

2. Reduction of fuel footprint

3. Integration of CO2-capture

Coal

Net negative CO2 emissions
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OCAC (OXYGEN CARRIER AIDED COMBUSTION)
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Chemical Reactions:

𝑀𝑒 + 𝑂 ←→ 𝑀𝑒𝑂

𝑀𝑒𝑂 + 𝐶𝑂 ←→ 𝑀𝑒 + 𝐶𝑂2

𝑀𝑒𝑂 + 𝐶𝐻4 ←→ 𝑀𝑒 + 𝐶𝑂2 +  𝐻2𝑂

𝑀𝑒𝑂 + 𝐻2 ←→ 𝑀𝑒 + 𝐻2𝑂

➔ Oxidation of volatile components

Oxidation of OC:

Reduction of OC:

𝑀𝑒 + 𝑁𝑂 ←→ 𝑀𝑒𝑂 + 𝑁2

Sand
ҧ𝑑𝑝= 191 µm

Ilmenite
ҧ𝑑𝑝= 203 µm
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OXY-OCAC
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First pilot tests
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PILOT PLANT

6

1 MWth Combustion Reactor

▪ Inner diameter: 600 mm

▪ Outer diameter: 1300 mm

▪ Height: 8600 mm

▪ Fuel feed: up to 1 MWth

▪ Solid inventory: ~ 130 kg

▪ Superficial velocity: 3 – 7 m/s
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SRF 1 SRF 2

Moisture [wt-% a.r.] 22.0 10.0

Ash [wt-% dry] 6.6 10.8

Volatiles [wt-% dry] 85.2 80.1

Fixed Carbon [wt-% dry] 8.3 9.1

LHV [MJ/kg a.r.] 20.9 23.0

OXY-OCAC - SETUP

Sand
ҧ𝑑𝑝= 191 µm

Ilmenite
ҧ𝑑𝑝= 203 µm

Plant adaptions:

▪ Flue gas recirculation (wet)

▪ Oxygen addition to fluidization lines

➔ O2-content regulated independently
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TRANSITION AIR – OXY 
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▪ Wet recirculation ➔ CO2 + H2O increase

▪ Stable conditions after ~ 16 minutes

▪ Air ingress ➔ ~ 50% CO2
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[1] [2] [3]

[1]: Initiation of Fluidization medium change

[2]: Completion of fluidization medium change

[3]: Stable conditions established
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TEMPERATURE FIELD

Higher fluidization medium density

➔ Increased drag force

➔ Reduced terminal velocity

➔ Extended particle suspension time

Pressure effect:

18/06/2025

𝑐𝑝 𝐻2𝑂 > 𝑐𝑝 𝐶𝑂2 > 𝑐𝑝 𝑁2 >  𝑐𝑝 𝑂2

𝜌𝐶𝑂2
> 𝜌𝑂2

> 𝜌𝑁2
 > 𝜌𝐻2𝑂

➔ Lower T reduction in freeboard

Temperature effect:

➔ Enhanced thermal homogenization
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OFF-GAS COMPOSITION
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𝑀𝑒𝑂 + 𝐶𝑂 ←→ 𝑀𝑒 + 𝐶𝑂2

Species Bed Material Slope R²

O2

CO

Species Bed Material Slope R²

O2

Sand 1.16 0.90

Oxygen Carrier 1.01 0.83

CO

Species Bed Material Slope R²

O2

Sand 1.16 0.90

Oxygen Carrier 1.01 0.83

CO
Sand -0.16 0.71

Oxygen Carrier -0.11 0.58
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Flue-gas O2 increases with inlet-O2

Oxy-OCAC with reduced slope

Lower overall CO-concentrations

Reduced reduction rate
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CONCLUSIIONS

✓ Summary

• Stable transition to oxyfuel in ~ 16 minutes

• Increased pressure in the freeboard

• More even temperature distribution along reactor height

• Ilmenite enhances combustion performance

Outlook

• Evaluation of different feedstocks

• Scale-up to commercial scale
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Retrofitting Fluidized Bed Power Plants for 

Waste-Derived Fuels and CO2 Capture

REBECCA PROJECT

This work has received funding from the European Union, Research

Fund for Coal and Steel, under grant agreement number 101034024

(Retrofitting Fluidized Bed Power Plants for Waste-Derived Fuels and

CO2 Capture). The content of this work reflects only the author’s view,

and the European Commission is not responsible for any use that may

be made of the information it contains.
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