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Relevance of biogas and bio-sygas for sustainability 

Worldwide
• Fossil fuels (oil, coal & natural 

gas) still provide roughly  88% of 
global energetic needs.

• Overwhelming environmental 
problems.

Biogas and bio-syngas
• Hold the promise to be 

renewable.
• Can be produced from wastes
• Have an uncertain combustion 

behaviour due to varying 
amounts of different compounds.

• A better understanding must make the combustion predictable. 
• A joint experimental and modelling endeavour is needed.
• First step: capturing the detailed chemical kinetics.

Modelling, Simulation & Experimentation of Thermofluids Problems



l Followed Methodology (for either biogas or bio-syngas) 
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●  Acquisition of reliable thermodynamical and transport coefficients 
for all species involved  (GRI database). 

●  Developing/finding detailed reaction mechanisms capturing the real 
chemistry.

●  Parameter estimation/validation through measurements in simple 
experimental devices.
(Shock tube, Rapid Compression Machines, Plug Flow Reactors...)

● Simplification of the detailed models to make them suitable for 
complex CFD calculations.

● Simulation of industrial combustion systems using Large Eddy 
Systems (LES).
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●  Numerous detailed reaction mechanisms exist for the combustion 
of H

2
, CO and CH

4
.

BUT no prior warrant that they correctly describe the complex 
interaction of CH

4
 and CO

2
 (biogas) and CH

4
, H

2
, CO and CO

2
 (Bio-

syngas).

● Mechanisms built progressively do not always capture complex 
interactions between the constituents.

●  Hence, detailed reaction mechanisms reliably accounting for the 
combustion of biogas and bio-syngas must first be determined.

●  Beforehand, it is unsure whether or not a mechanism describing 
both biogas and bio-syngas combustion satisfyingly can be found. 
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Five reaction mechanisms considered here 

Gas Research Mechanism (GRI 3.0)
 325 reactions and 53 species. 
 Accounts for the combustion of H

2
 ,CO, CH

4
 , N

2
 and the NOx 

chemistry.
 Parameters estimated through global optimisation (surface 

mapping method).

Developed Reduced Mechanism  (DRM) 
A skeletal version of the GRI.

Heghes' C
0
-C

4
 mechanisms. 

 412 elementary reactions and 61 species.
 Accounts for H

2
, CO, CH

4
, C

2
H

4
, C

2
H

6
, C

3
H

8
, C

4
H

10
.

 Parameter compilation from isolated experiments, 
theoretical computations and analogies.  
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Five reaction mechanisms considered here 

Frenklach's mechanism

 Based on GRI 1.2

 Accounts for the combustion of various hydrocarbons.

 Captures pyrolytic conditions

 Describes aromatic growth towards PAH (Polycyclic 
Aromatic Hydrocarbons)

 Can be connected to soot models
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Five reaction mechanisms considered here 

NUIG (National University of Ireland Galway)

 C
0
 – C

5
 reactions

 Hierarchical structure

 H
2
 − O

2
 subpart has been developed apart

 Wide validity range ( 298 to 2700 K, 0.05 to 87 atm, an 
equivalence from 0.2 to 6)

 Good performance for bio-syngas in the literature



Evaluation of the models
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63 shock tube experiments

 Ignition delay times were considered.

 Wide temperature range (950 K – 1900 K)

 Pressure range ( 1 bar – 32 bar) 

Stoichiometry ( 0.3 – 2) 

Various reactants (CH
4
, O

2
, N

2
, H

2
, CO, CO

2
, H

2
O) 
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Discrepancies relative to GRI 
(d/d

GRI
) 

Discrepancies between models and experiments
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Lower pressures 

 p ≤ 9 bar 
Number DRM Frenklach GRI HEGHES NUIG

24 4.41E-01 5.25E-01 1.00E+00 1.19E+00 9.50E-01

 H
2
 (4%) – CO

2
 (10%)  - AR    Ф = 1,  

p = 1.1 bar
CH

4
 (9.5%) – N

2
   Ф = 1, p = 1.0 bar
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Average pressures 

CH
4
 (65%) – H

2
 (35%)     

Ф = 1.0, p = 16 bar

 H
2
 (0.5%) – CO (0.5%)  - AR    

Ф = 0.5,  p = 12.5 bar

Number DRM Frenklach GRI HEGHES NUIG
22 8.98E-01 8.54E-01 1.00E+00 5.80E+00 1.85E+009.0 bar < p ≤  16 bar
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Higher pressures 

H
2
 (0.5%) – CO (0.5%)  - AR    

Ф = 0.5,  p = 32.0 bar

16 bar < p
Number DRM Frenklach GRI HEGHES NUIG

17 8.48E-01 5.43E-01 1.00E+00 1.14E+00 6.59E-01

 H
2
 (0.112) – N

2
    Ф = 0.299,  

p = 29.8 bar
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Stoichiometry:  Φ < 1 

 CH
4
 (4.99E-02) – H

2
 (0.115) 

CO (6.6E-03) -  CO
2
 (1.5E-02) – N

2
 (6.78E-01)

   Ф = 0.402,  p = 9.71 bar

Lean
Number DRM Frenklach GRI HEGHES NUIG

36 7.93E-01 5.53E-01 1.00E+00 7.09E-01 9.62E-01

 CH
4
 (4.99E-02) – N

2
    Ф = 0.5,  

p = 1.0 bar
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Stoichiometry:  Φ = 1 

 CH
4
 (85%) – H

2
 (15%) 

   Ф = 1.0,  p = 16 bar

 CH
4
 (3.5E-02) – H

2
 (5.2E-03) 

AR
   Ф = 1.0,  p = 12.5 bar

STOICHIOMETRIC
Number DRM Frenklach GRI HEGHES NUIG

20 8.65E-01 7.93E-01 1.00E+00 8.46E+00 9.59E-01
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Average pressures 

 H
2
 (0.5%) – CO (0.5%)  - AR    

Ф = 0.5,  p = 12.5 bar

9.0 bar < p ≤  16 bar
Number DRM Frenklach GRI HEGHES NUIG

22 8.98E-01 8.54E-01 1.00E+00 5.80E+00 1.85E+00

CH
4
 (65%) – H

2
 (35%)     

Ф = 1.0,  p = 16 bar



SUPERGEN Bioenergy Challenge EP/K036750/1
Biogas & Bio-syngas Utilisation: Kinetics of bio-syngas

Stoichiometry:  Φ > 1 

RICH Number DRM Frenklach GRI HEGHES NUIG
7 2.74E+00 4.51E+00 1.00E+00 7.32E+00 5.78E+00

 CH
4
 (0.174) – N

2
 

   Ф = 2.0,  p = 1.0 bar
 CH

4
 (2.34E-02) – H

2
  (2.59E-03)

   Ф = 2.0,  p = 4.0 bar
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H2
Number DRM Frenklach GRI HEGHES NUIG

7 8.42E-01 5.91E-01 1.00E+00 7.86E-01 8.89E-01

 H
2
 (0.04) – AR 

   Ф = 1.0,  p = 1.1 bar
 H

2
 (0.01) – AR 

   Ф = 0.5,  p = 32.0 bar
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H2 – CO Number DRM Frenklach GRI HEGHES NUIG
6 1.02E+00 1.05E+00 1.00E+00 1.14E+00 3.46E+00

 H
2
 (5E-03) – CO (5E-03)  - AR 

   Ф = 0.5,  p = 1.7 bar
 H

2
 (4.44E-03) – CO (4.44E-03)  - AR 

   Ф = 0.499,  p = 32.0 bar
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CH4
Number DRM Frenklach GRI HEGHES NUIG

9 9.44E-01 9.56E-01 1.00E+00 1.13E+01 8.69E-01

 CH
4
 (33.33%) 

   Ф = 1.0,  p = 16.0 bar

 CH
4
 (3.5E-02)  - AR

   Ф = 1.0,  p = 12.5 bar
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 CH
4
 (4.66E-02) – H

2
  (1.17E-02)

   Ф = 0.501,  p = 20.0 bar
 CH

4
 (3.5E-02) – H

2
  (7.30E-04)

   Ф = 1.0,  p = 12.5 bar

CH4 -H2 
Number DRM Frenklach GRI HEGHES NUIG

11 1.12E+00 8.70E-01 1.00E+00 3.25E+00 1.22E+00
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 CH
4
 (4.66E-02) – H

2
  (1.17E-02)

   Ф = 0.501,  p = 20.0 bar
 CH

4
 (3.5E-02) – H

2
  (7.30E-04)

   Ф = 1.0,  p = 12.5 bar

CH4 -H2 
Number DRM Frenklach GRI HEGHES NUIG

11 1.12E+00 8.70E-01 1.00E+00 3.25E+00 1.22E+00
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 CH
4
 (7.5E-04) - H

2
 (4.06E-03) 

CO (4.06E-03) - AR
   Ф = 0.5,  p = 1.70 bar

 CH
4
 (7.5E-04) - H

2
 (4.06E-03) 

CO (4.06E-03) - AR
   Ф = 0.5,  p = 11.30 bar

CH4 -H2 – CO 
Number DRM Frenklach GRI HEGHES NUIG

3 3.49E-001 4.90E-001 1.00E+000 6.97E-001 6.29E-001



SUPERGEN Bioenergy Challenge EP/K036750/1
Biogas & Bio-syngas Utilisation: Kinetics of bio-syngas

H2-CO2
Number DRM Frenklach GRI HEGHES NUIG

1 8.43E-02 8.84E-02 1.00E+00 9.18E-01 3.40E-01

  H
2
 (4.00E-02) 

CO
2
 (1.00E-01) - AR

   Ф = 1.0,  p = 1.10 bar
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H2-CO2 – CO
Number DRM Frenklach GRI HEGHES NUIG

5 5.10E-01 5.12E-01 1.00E+00 9.30E-01 2.18E+00

 H
2
 (4.6E-03) - CO

2
 (1.50E-03) 

CO (4.6E-03) - AR
   Ф = 0.495,  p = 1.73 bar

 H
2
 (8.91E-02) - CO

2
 (2.44E-01) 

CO (1.16E-01) - N
2

   Ф = 1.0,  p = 2.36 bar
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CH4 – CO2 Number DRM Frenklach GRI HEGHES NUIG
1.00E+01 1.76E+00 2.45E+00 1.00E+00 2.32E+01 4.04E+00

 CH
4
 (7.6E-02) - CO

2
 (2.00E-01)  - N

2
 

   Ф = 1.0,  p = 10.0 bar
 CH

4
 (8.68E-02) - CO

2
 (5.00E-01)  - N

2
 

   Ф = 2.0,  p = 1.0 bar
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H2-CO2 – CO
Number DRM Frenklach GRI HEGHES NUIG

5 5.10E-01 5.12E-01 1.00E+00 9.30E-01 2.18E+00

 H
2
 (4.6E-03) - CO

2
 (1.50E-03) 

CO (4.6E-03) - AR
   Ф = 0.495,  p = 1.73 bar

 H
2
 (8.91E-02) - CO

2
 (2.44E-01) 

CO (1.16E-01) - N
2

   Ф = 1.0,  p = 2.36 bar
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CH4 -H2 – CO – CO2
Number DRM Frenklach GRI HEGHES NUIG

11 4.08E+02 2.63E+02 5.63E+02 3.03E+02 4.63E+02

CH
4
 (8.87E-03) – H

2
 (1.80E-01) 

CO (1.03E-02) -  CO
2
 (2.36E-02) – N

2
 (6.14E-01)  

- Ar 
   Ф = 0.70,  p =12.0 bar

CH
4
 (8.92E-04) – H

2
 (2.97E-03) 

CO (2.97E-03) -  CO
2
 (1.58E-03)  - Ar 

   Ф = 0.50,  p  = 28.8 bar
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Conclusion

 Evaluation of 5 detailed reaction mechanisms

 63 shock tube experiments with ignition delay times
 - Related to biogas and bio-syngas
 - Very wide range of conditions 

 Systematic computation of relative discrepancies

 No consistency in the model relative superiorities 
  (For instance, no model fares better for ALL biogas trials) 

 GRI-mechanism as a good compromise for the various fuels

 Upcoming LES runs grounded on reduced GRI
 -  Theoretical calculations
 -  LES simulation of 3D shock tubes
 -  LES simulations of real complex industrial plants
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Thank you very much for your attention!
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