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• The idea: Chemical Looping to generate syngas
• The industrial implementation and technology value chain
• Chemical Looping CO2 utilisation → Reforming
• Chemical Looping CO2 utilisation → Reverse Water Gas Shift
• Conclusions

Summary of the presentation
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SYNGAS GENERATION (endothermic  >900 °C)
𝑹𝑅𝑊𝐺𝑆: 𝐻2 + 𝐶𝑂2 𝐶𝑂 + 𝐻2𝑂

𝑹𝐷𝑅:  𝐶𝐻4 + 𝐶𝑂2 → 2𝐶𝑂 + 2𝐻2     

𝑹𝑆𝑀𝑅:  𝐶𝐻4 + 𝐻2𝑂 → 𝐶𝑂 + 3𝐻2

REDUCTION (thermally neutral T 900-1000 °C) 
𝑹𝑟𝑒𝑑,𝐶𝐻4

:  𝐶𝐻4 + 4𝑀𝑒𝑂𝑥 → 4𝑀𝑒𝑂𝑥−1 + 𝐶𝑂2 + 2𝐻2𝑂        
𝑹𝑟𝑒𝑑,𝐶𝑂:  𝐶𝑂 + 𝑀𝑒𝑂𝑥 → 𝑀𝑒𝑂𝑥−1 + 𝐶𝑂2 

𝑹𝑟𝑒𝑑,𝐻2
:  𝐻2 + 𝑀𝑒𝑂𝑥 → 𝑀𝑒𝑂𝑥−1 + 𝐻2𝑂 

Chemical looping Syngas 
Generation
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1

2
𝑂2 → 𝑀𝑒𝑂𝑥             The bed is heated up to high T

The bed is reduced and 
“activated” for DR/RWGS

Syngas is generated and 
the bed is cooled down
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The testing facility



SYNGAS GENERATION (endothermic  >900 °C)
𝑹𝑅𝑊𝐺𝑆: 𝐻2 + 𝐶𝑂2 𝐶𝑂 + 𝐻2𝑂

𝑹𝐷𝑅:  𝐶𝐻4 + 𝐶𝑂2 → 2𝐶𝑂 + 2𝐻2     

𝑹𝑆𝑀𝑅:  𝐶𝐻4 + 𝐻2𝑂 → 𝐶𝑂 + 3𝐻2

REDUCTION (thermally neutral T 900-1000 °C) 
𝑹𝑟𝑒𝑑,𝐶𝐻4

:  𝐶𝐻4 + 4𝑀𝑒𝑂𝑥 → 4𝑀𝑒𝑂𝑥−1 + 𝐶𝑂2 + 2𝐻2𝑂        
𝑹𝑟𝑒𝑑,𝐶𝑂:  𝐶𝑂 + 𝑀𝑒𝑂𝑥 → 𝑀𝑒𝑂𝑥−1 + 𝐶𝑂2 

𝑹𝑟𝑒𝑑,𝐻2
:  𝐻2 + 𝑀𝑒𝑂𝑥 → 𝑀𝑒𝑂𝑥−1 + 𝐻2𝑂 
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1

2
𝑂2 → 𝑀𝑒𝑂𝑥             The bed is heated up to high T
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Syngas is generated and 
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Sensitivity Analysis on different variables (OXIDATION) and modelling validation

Main comments:
- During oxidation the initial solid 

temperature affects the solid 
conversion and max bed ΔT

- Both 1D and 2D models have been 
developed and validated

- 1D and 2D models have shown a 
difference > 180°C from the T 
recorded by the multipoint TW and 
the actual solid temperature
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Oxidation (Heat Generation/Storage)



Sensitivity Analysis on different variables (REDUCTION) and modelling validation

Main comments:

- Reduction with H2 and CO presents 

almost no fuel slips

- In case of CH4, high fuel slip occurs 

which can be significantly reduced 

when some reduced Ni is already 

present in the bed 

- Model can predict the temperature 

profiles reasonably well 

- The results are less accurate (better 

performing) at lower temperatures 

(<800 °C)
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Reduction (Catalyst preparation)



Main comments:

- Reduction and oxidation have a well-defined breakthrough.

- During Reforming, the bed behaves like a catalytic reactor with a 

temperature decrease (endothermic →heat removal) and the 

composition at outlet does not fluctuate significantly

- The effect of pressure is only associated with cycle time (due to 

longer purge) and some differences in the reforming

- Very good repeatability over a continuous campaign

T Furnace 600 °C (5 bar)T Furnace 600 °C (1 bar)
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Steam Reforming: Syngas Generation



Main comments:

- In case of chemical looping dry reforming, higher CO-

rich syngas can be produced with controlled 

composition (equilibrium)

- The OC (and catalyst) is not affected by the different 

composition

- The temperature profiles in the solid bed are well 

defined (despite heat losses), showing the alternate 

exothermic/endothermic reactions

CHEMICAL LOOPING DRY REFORMING (1 bar)
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Dry Reforming: Syngas Generation



Main comments:

- The bed behaves like a catalytic reactor in which 

the temperature is decreasing while the reforming 

occurs (heat removal)

- The effect of the temperature, pressure and 

CO2/CH4 ratio are very well predicted by the 

equilibrium model (no kinetic limitation)

- The heat losses are very high in this case (small 

lab scale)

Similar cycle as sequence of Oxidation, Reduction, Reforming
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OXIDATION - 1 9 - - 10 0.445 0.267 180
PURGE 7 - - - - 7 0.311 0.187 50
REDUCTION 7 - - 6 1 14 0.622 0.373 194
REFORMING 7 - - 6 1 14 0.622 0.373 180
PURGE 7 - - 6 - 13 - - 40
PURGE 7 - - - - 7 0.311 0.187 150

Multiple Cycles Testing: 
concept validation



Sensitivity Analysis on different variables (REFORMING) and modelling validation

Main comments:

- Effect of pressure, temperature and CO2/H2O to 

CH4 ration are appreciable in the final composition 

and well predictable with equilibrium for SMR and 

DMR

- The reactor model has been validated also for the 

heat removal part (endothermic reaction)

H2O/CH4 2.5 - 4
Flowrate (NLPM) 10 

Initial bed temperature (°C) 600 - 900
Pressure (bar) 1 – 9

CO2/CH4 3 - 7
Flowrate (NLPM) 10 

Initial bed temperature (°C) 700 - 900
Pressure (bar) 1 – 5

CO2/CH4 3:1

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

900 800 700 600

C
H

4 C
on

ve
rs

io
n

Temperature (°C)

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

900 800 700 600

C
H

4 C
on

ve
rs

io
n

Temperature (°C)

4 H₂O:CH₄

3 H₂O:CH₄

2.5 H₂O:CH₄

4 H₂O:CH₄ 
Theoretical

3 H₂O:CH₄ 
Theoretical

1 bar 9 bar

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

Steam 900°C Steam 800°C Steam 700°C Combined
900°C

Combined
800°C

Combined
700°C

M
o

le
 f

ra
ct

io
n

CO H₂

CO₂ CH₄

Theoretical CO Theoretical H₂

Theoretical CO₂ Theoretical CH₄

16

Sensitivity Analysis



SYNGAS GENERATION (endothermic  >900 °C)
𝑹𝑅𝑊𝐺𝑆: 𝐻2 + 𝐶𝑂2 𝐶𝑂 + 𝐻2𝑂

𝑹𝐷𝑅:  𝐶𝐻4 + 𝐶𝑂2 → 2𝐶𝑂 + 2𝐻2     

𝑹𝑆𝑀𝑅:  𝐶𝐻4 + 𝐻2𝑂 → 𝐶𝑂 + 3𝐻2

REDUCTION (thermally neutral T 900-1000 °C) 
𝑹𝑟𝑒𝑑,𝐶𝐻4

:  𝐶𝐻4 + 4𝑀𝑒𝑂𝑥 → 4𝑀𝑒𝑂𝑥−1 + 𝐶𝑂2 + 2𝐻2𝑂        
𝑹𝑟𝑒𝑑,𝐶𝑂:  𝐶𝑂 + 𝑀𝑒𝑂𝑥 → 𝑀𝑒𝑂𝑥−1 + 𝐶𝑂2 

𝑹𝑟𝑒𝑑,𝐻2
:  𝐻2 + 𝑀𝑒𝑂𝑥 → 𝑀𝑒𝑂𝑥−1 + 𝐻2𝑂 

Chemical looping Reverse Water 
Gas Shift
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𝑹𝑜𝑥:  𝑀𝑒𝑂𝑥−1 +
1

2
𝑂2 → 𝑀𝑒𝑂𝑥             The bed is heated up to high T

The bed is reduced and 
“activated” for RWGS

Syngas is generated and 
the bed is cooled down
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Full sequence of Oxidation, Reduction and RWGS 
The axial temperature profiles is consistent with the expected heat 
management with:
- Heat generation/storage through both exothermic Oxidation and 

Reduction
- Heat removal because of RWGS (endothermic) and heat losses

Multiple Cycles Testing: 
concept validation
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Sensitivity Analysis on different variables

Main comments:

- Effect of temperature and H2/CO2 ratios of 

resulting H2/CO ratio (relevant for the FT/MeOH 

synthesis

- Effect of pressure on CO2 conversion 
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Sensitivity Analysis
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H. Jeswani, S. Zapata Boada, V.Spallina, A. Azapagic, Towards net-zero in steel production: Process 
simulation and environmental impacts of carbon capture, storage and utilisation of blast furnace 
gas, CCST, 15, 100387 (2025). https://doi.org/10.1016/j.ccst.2025.100387  
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✓ Soundness of the technology: The research at TRL4/5 has demonstrated that chemical 

looping in packed bed reactor is feasible. COUPLED goal: TRL7, integrated unit)

✓ Operating conditions: the technology can operate at different pressure. Accumulating 

long term operation is the current goal (COUPLED goal: 7 bar, 2000 hours)

✓ Material testing of Ni, Cu and Fe-based OCs achieved hundreds hours of operation 

with marginal performance decay despite the continuous thermal and chemical cycle. 

(COUPLED goal: >200 kg of Cu/Ni-based material)

✓ Flexibility and Modularity for several design aspect. The industrial cost analysis is the 

main requirement for each scenario. COUPLED goal:

▪ Design a modular unit for multiple purpose/applications within CCU, biogas and green H2 

utilisation

▪ Comprehensive TEA and LCA analysis for different Products and other feedstocks
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Conclusions



Save the date: 

Questions ?

Contacts:
Vincenzo Spallina vincenzo.spallina@manchester.ac.uk
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