
ConCept of fixed-bed CLC
Fixed-bed CLC is one configuration for CLC 
systems which, when engineered carefully, 
has several advantages. Understanding of 
reaction and heat fronts that propagate 
along the length of the reactor allows for 
precise control of the fuel efficiency and 
outlet temperature profiles. The advantages 
of fixed-bed CLC include:
– Pure CO2 stream.
– Stable high temperature air stream.
– Ability to go to high pressures.
– Relatively compact.

experimentaL system
A Fixed-bed CLC system was constructed  
at the Technical University of Eindhoven.  
The system was designed as follows:
– 48 thermocouples for precise temperature 

measurements.
– Able to be pressurised up to 3 bar.
– Sections of inert material at either end for 

minimisation of end effects.
– Dimensions of 3 cm D × 100 cm L 

(middle 52 cm contain reactive material).

numeriCaL modeL
The basis of the numerical model was 
developed previously and is described in 
Noorman, et. al., Chem. Eng. J., 2011.  
The model compared well with experimental 
results, both in terms of the outlet 
concentrations (Figure 3) and the axial 
temperature profiles (Figure 4).  With the 
model successfully validated, it was used to 
investigate the operation of Fixed-bed CLC. 
For example, the startup of a larger system 
(1 m length of active material) was simulated 
and showed that the system reaches steady 
state by the second red-ox cycle (Figure 5).  
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Chemical Looping Combustion (CLC) is an 
alternative technology for power production 
with CO2 capture. While a common system 
utilises dual circulating fluidised beds to loop 
metal particles between air and fuel streams, 
this work shows that fixed-bed CLC is a feasible 
configuration for this technology. The inherent 
separation of the CO2 from the depleted air 
stream gives a very low theoretical efficiency 
penalty, which is further improved by the 
possibility of using a pressurised fixed-bed 
system, a factor much more difficult to realise 
with circulating fluidised beds. The results 
from a numerical model have agreed well with 
experimental data over full oxidation-reduction 
cycles and will be presented in subsequent 
publications. The work shown here forms  
a basis which proves feasibility, but also 
opens up several possibilities for further 
investigations needed to scale-up and 
eventually commercialise CLC for power 
generation with inherent CO2 capture.

Table 1.  Parameters for numerical simulations of the 
oxidation-reduction cycles in Figures 5 and 6.

Figure 1.  Schematic 
representation of a 
fixed-bed chemical 
looping combustion 
system.

Figure 2.  Photo of 
the fixed-bed CLC 
experimental set up 
constructed at the 
Technical University 
of Eindhoven.

Figure 3.  Outlet concentrations from a fixed-bed CLC 
system during reduction with 5% each of H2 and CO, 
showing both experimental results (symbols) and 
simulation results (lines). Operating parameters: flow 
rate = 20 l/min, initial temperature = 600° C, pressure 
= 2 bar, oxygen carrier = 12.5 wt% CuO/Al2O3.

Figure 4.  Axial temperature profiles during reduction with 
5% each H2 and CO. Operating parameters: see Figure 3.

Figure 5.  Simulation 
results for the outlet 
temperature profiles 
over several oxidation-
reduction cycles of  
a scaled-up reactor, 
plotted on one time 
scale. When starting 
with oxidation, steady-
state is achieved by  
the second cycle.  
The parameters for the simulation are given in Table 1.

Figure 6.   
Simulation results  
for the reverse flow 
concept showing  
the specified initial 
temperature profile 
and the profile after 
reduction.  
The parameters for the simulation are given in Table 1.

reverse fLow Configuration
In order to try to even out the temperature 
profiles within the reactor, a reverse flow 
concept was simulated in which the flow 
during reduction is the opposite direction as 
the flow during oxidation. While this is often 
considered to be a solution for Fixed-bed 
CLC, results (see Figure 6) showed that this 
in fact is not effective in most cases. The 
reasons for this are:
– During oxidation, all of the high temperature 

heat is pushed out of one end of the 
reactor before the cycle is stopped to 
maximise efficiency.

– During reduction, the cycle is stopped 
when fuel begins to breakthrough at the 
end of the reactor.  

– The reaction front is usually much faster 
than the heat front, so the excess heat at 
the end of the bed is not pushed along the 
length of the bed before the cycle stops.

 reduction oxidation

Gas composition 0.5 H2, 0.5 CO 0.21 O2, 0.79 N2

Flow rate (kg/m2s) 0.075 1

Inlet temperature (° C) 450 450

Inlet pressure (bar) 3 3

Cycle time (s) 570 1500

Oxygen carrier 12.5 wt% CuO on Al2O3

Particle diameter (mm) 2

Bed porosity 0.4

Reactor length (m) 1


