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Outline
• Introduction
• Model development
• Model application
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Anaerobic digestion (AD) of (solid) 
waste
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Lignocellulosic substrates (LS)
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Lignocellulosic substrates (LS)
• E.g. agricultural residues
• Reduction in biogas production
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(Biological) pretreatment 
• Improve anaerobic digestion
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(Biological) pretreatment 
• Pretreatment causes formation of inhibiting

phenolic compounds
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(Biological) pretreatment 
• Effect on hydrolysis rate (k1) of miscanthus  

(high lignin content)
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(Biological) pretreatment 
• Effect on hydrolysis rate (k1) of hemp straw

(low lignin content)
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Modelling of AD for LS 
• Simplified AD model
▫ Developed previously for AD of manure
▫ VSS -> VDS -> VFA -> CH4
▫ COD based
▫ Upgraded with effect of pretreatment
 Lignin content (CL) -> reduction of maximal biogas 

production and hydrolysis rate
 Phenolic components (CP) -> reduction of hydrolysis

rate
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Simplified AD model
• VSS -> VDS -> VFA -> CH4
• Gujer Matrix:
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Hydrolysis rate : function of CL and CP



Simplified AD model
• VSS -> VDS -> VFA -> CH4
• Parameters values used:
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Hydrolysis rate constant: 
much lower than e.g. 
studies with waste water 
(cfr. ADM1)



Simplified AD model
• VSS -> VDS -> VFA -> CH4
• Model tested with AD batch tests with different 

substrates
▫ V: 250 ml
▫ Substrate to inoculum ratio of 0.5 (g VS/g VS)
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Simplified AD model
• Effect of CL
▫ BMP ↓ if CL ↑
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Simplified AD model
• Effect of CL
▫ Hydrolysis rate ↓ if CL ↑
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Corn stover Miscanthus



Model application
• Effect of CL
▫ CL: 0,8 -> 17 g/100g
▫ TIC: 0,03-0,14 < 0,3: OK

• Low CP
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Simplified AD model
• Effect of CP
▫ Hydrolysis rate ↓ if CP ↑
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Miscanthus



Model application
• Effect of CP
▫ 4 phenolic

compounds at 4 
concentrations:
 SP=0,4:
 VA: vanillic acid
 PCA: p-coumaric acid

 SP=0,8
 FA: ferulic acid
 HBA: 4-

hydroxybenzoic acid)
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Model application
• Effect of CP
▫ 4 phenolic compounds at 4 concentrations: 
 TIC < 0,3
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Model testing
• Global sensitivity analysis
▫ k1 (hydrolysis) is most important parameter

Without inhibition by CL    With inhibition by CL
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Conclusion
• Succesfull application of a 

simplified model for batch 
anaerobic digestion of 
lignocellulosic biomass
▫ Effect of lignin content
▫ Effect of phenolic

compounds
▫ Importance of accuratly

describing hydrolysis
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QUESTIONS?

24


