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Introduction – Anaerobic Digestion

Kougias & Angelidaki, 2018. Biogas and its opportunities – A review

Anaerobic digestion (AD) is a biological process, mediated by different groups of 
microorganisms, mainly bacteria and archaea, which follow diverse metabolic 
pathways to produce biogas (40-75% CH4 and 25-60% CO2) 

KEGG, Metabolic Pathways during Anaerobic Digestion
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Problem Statement

Long Chain Fatty Acids (LCFA) Toxicity

• Lipids are especially important due to their high methane potential

• LCFA are amphiphilic compounds produced via the rapid hydrolysis of lipids by extracellular lipases

• The anaerobic degradation of the LCFA to acetate and hydrogen/formate is accomplished through 

β-oxidation, which is executed by syntrophic interactions between syntrophic acetate oxidizing 

bacteria and hydrogenotrophic archaea

• The inhibition caused by LCFA relies to cases that major products of β-oxidation accumulate to 

thermodynamically-limiting levels that prevent LCFA to be further oxidized
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Bioreactors’ Operation – CSTR Set-Up

• 3 Reactors – Biological Replicates

• Mesophilic Conditions (37 ± 1oC)

• Cattle manure as Feedstock

• Single inhibitory shock load of 3g Na-Oleate/LR

• 3 time points for DNA
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Biochemical Results
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Microbial community overview

Firmicutes
37%

Bacteroidetes
14%

Proteobacteria
4%

Euryarchaeota
5%

Unclassified 
bacteria

5%

Parameter Compl. (%) Cont. (%) Nο. MAGs

High Quality ≥90 ≤5 214

Medium-High 

Quality
90>Cp ≥70 <10 102

Medium 

Quality
70>Cp ≥50 <10 48

Low Quality <50 ≥10 73

TOTAL 437
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Syntrophies between uncharacterized bacteria and archaea

Ca. Cloacimonetes sp. WMB078
Nigerium sp. WMB168
Rikenellaceae sp. WMB378

Methanoculleus bourgensis sp. WMB155
Bacteroidales sp. WMB175
Bacillales sp. WMB089

Actinomyces sp. WMB174
Deltaproteobacteria sp. WMB165

Ca. Cloacimonetes sp. WMB347
Methanosarcina flavescens WMB160
Bacillales sp. WMB084

Synergistaceae sp. WMB117

Methanoculleus sp. WMB211
Firmicutes sp. WMB216
Bacteroidales sp. WMB161

Bacteroidales sp. WMB214
Synergistales sp. WMB110

Anaerolineaceae sp. WMB101

Acidobacteria sp. WMB336
Syntrophomonas sp. WMB124

Phycisphaerales sp. WMB293
Bacteroidales sp. WMB176
Myxococcales sp. WMB275

Ca. Hydrogenedentes sp. WMB339
Ca. Moranbacteri sp. WMB251
Pelotomaculum sp. WMB291

Methanothrix sp. WMB198
Syntrophomonas sp. WMB166
Propionibacterium sp. WMB167

Porphyromonadaceae sp. WMB358
Saccharofermentans sp. WMB185

Fibrobacteria sp. WMB094
Ca. Hydrogenedentes sp. WMB182
Bacteroidales sp. WMB077
Paludibacteraceae sp. WMB145
Porphyromonadaceae sp. WMB187
Spirochaetes sp. WMB355
Firmicutes sp. WMB085
Methanosarcina mazei sp. WMB265
Synergistaceae sp. WMB083

Candidatus Cloacimonetes sp. WMB078

• Carbohydrate Degrader 

• Propionate Degrader

• Hydrogen Producer
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Novel microbe in Anaerobic Digestion food chain

Ca. Cloacimonetes sp. WMB078
Nigerium sp. WMB168
Rikenellaceae sp. WMB378

Methanoculleus bourgensis sp. WMB155
Bacteroidales sp. WMB175
Bacillales sp. WMB089

Actinomyces sp. WMB174
Deltaproteobacteria sp. WMB165

Ca. Cloacimonetes sp. WMB347
Methanosarcina flavescens WMB160
Bacillales sp. WMB084

Synergistaceae sp. WMB117

Methanoculleus sp. WMB211
Firmicutes sp. WMB216
Bacteroidales sp. WMB161

Bacteroidales sp. WMB214
Synergistales sp. WMB110

Anaerolineaceae sp. WMB101

Acidobacteria sp. WMB336
Syntrophomonas sp. WMB124

Phycisphaerales sp. WMB293
Bacteroidales sp. WMB176
Myxococcales sp. WMB275

Ca. Hydrogenedentes sp. WMB339
Ca. Moranbacteri sp. WMB251
Pelotomaculum sp. WMB291

Methanothrix sp. WMB198
Syntrophomonas sp. WMB166
Propionibacterium sp. WMB167

Porphyromonadaceae sp. WMB358
Saccharofermentans sp. WMB185

Fibrobacteria sp. WMB094
Ca. Hydrogenedentes sp. WMB182
Bacteroidales sp. WMB077
Paludibacteraceae sp. WMB145
Porphyromonadaceae sp. WMB187
Spirochaetes sp. WMB355
Firmicutes sp. WMB085
Methanosarcina mazei sp. WMB265
Synergistaceae sp. WMB083

Nigerium sp. WMB168



9 June 2022 | Slide 10

Bioconversion Model – “BioModel”

STAGE INHIBITOR INHIBITION TERM

Acidogenic glycose degradation LCFA
1

1 +
[𝐿𝐶𝐹𝐴]
𝐾𝑖𝐿𝐶𝐹𝐴

Lipolysis LCFA

Acetogenic LCFA degradation LCFA

1

1 +
𝐾𝑆

[𝐿𝐶𝐹𝐴] +
[𝐿𝐶𝐹𝐴]
𝐾𝑖𝐿𝐶𝐹𝐴

Acetogenic VFA degradation
LCFA

Acetic Acid

1

1 +
[𝐿𝐶𝐹𝐴]
𝐾𝑖𝐿𝐶𝐹𝐴

×
1

1 +
[𝐻𝐴𝑐]
𝐾𝑖

Acetoclastic methanogenesis
LCFA

Free Ammonia

1

1 +
[𝐿𝐶𝐹𝐴]
𝐾𝑖𝐿𝐶𝐹𝐴

×
1

1 +
[𝑁𝐻3]
𝐾𝑖Tsapekos et al., 2018. Energy recovery from wastewater microalgae through anaerobic digestion process: 

Methane potential, continuous reactor operation and modelling aspects

• Anaerobic degradation of complex material, and

co-digestion of different types of wastes

• Manure-based anaerobic digestion systems

• Mass-based unit system

• Model includes inhibition from LCFA
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Simulations

*Points indicate the experimental data and continuous lines indicate the BioModel simulation. 

Dashed vertical line mark the shock load injection. Note: Each point is the mean value of the 

three reactors, therefore there is a standard deviation.
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Conclusions

• Syntrophic interactions between uncharacterized bacteria and archaea was 

recorded. 

• Strong evidences for alternative pathways for carbon fixation (rTCA) from 

novel bacteria.

• BioModel was capable to predict the process indicators “methane” and “pH” 

during lipid load.

• BioModel underestimated the VFA degradation but forecasted the 

alternation trend over time.
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Thank you for your attention!
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