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Introduction

Distribution of CO2 emissions Options to reduce transport CO2
emissions

� Improvement of fuel combustion

� Electric or Hybrid-electric vehicles

� Low-carbon fuels 

SOURCE: IEA Statistics 2009

� No-carbon fuels

HH22
�� Hydrogen is an energy carrier that must be produced from a 

primary energy source ��



Steam reforming (SR)

Air

Reformer gas 
(CO, H2, CO2, CH4, 

H2O)

PSAPSA H2PSA off gas

H2OShift
Reactor 

Shift
Reactor 

CondenserCondenser

SRSR

Combustion Products
(CO2, H2O, N2, O2)

Fuel 
(CH4 + H2O)

PSA off gas
(CH4, H2, CO, CO2)

CH4 + H2O CO + 3 H2 �H1100= 225.4 kJ/mol
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� �100% CO2 capture without energy penalty or O2 needs

� No formation of thermal NOx



Objectives

� Development of an oxygen carrier that can
fully convert a PSA-offgas fuel.

� Analysis of the behaviour of mixtures of Fe-
based and Ni-based oxygen carriers in abased and Ni-based oxygen carriers in a
continuous CLC pilot plant using different fuels.

� To study the effect of different operating
variables on the combustion of CH4 and a PSA-
offgas fuel.



Materials

Fe-based oxygen carriers
Disadvantages

� Low reactivity with CH4

� Agglomeration problems if the 
final reduction state is FeO or Fe

Ni-based oxygen carriers

Advantages
� Cheap
�Non toxic
�No thermodynamic limitations 
(Fe2O3/Fe3O4)

Ni-based oxygen carriers
Disadvantages
� Toxic
�Expensive
� Thermodynamic limitations

Advantages
� High reactivity

�No agglomeration problems

� Catalyze CH4 reforming

A mixture of Fe-OC and Ni-OC will take advantage of favourable 
characteristics of each metal.
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Materials

Oxygen transport capacity, R0
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Experimental
Experiments in a continuous CLC plantExperiments in a continuous CLC plant



Experimental

• PSA-off gas composition

12 vol.% CH4, 18 vol.% CO, 25 vol.% H2, 45 vol.% CO2

• Power output: 150 Wth to  900 Wth

• Effect of FR temperature  830-880ºC      TAR=950ºC

Operating conditionsOperating conditions

• Effect of FR temperature  830-880ºC      TAR=950ºC

• Effect of oxygen carrier to fuel ratio: φ from 1 to 6

• Total solids inventory ~ 1.5 kg oxygen carrier

• Solids circulation rate 12 kg/h 

• uFR : 10 cm/s (umf=3 cm/s) uAR: 45 cm/s



Results
� During more than 70 hours of operation it was not detected:

� Carbon deposition

� Agglomeration problems

� Leakages between the reactors

� The OCs were physically and chemically characterized before and
after operation and no important changes were found.
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