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A short history

2003 – First pilot scale study, 

mesophilic and thermophilic

2006 – 2009 Laboratory studies confirming 

earlier observations

2006 – 2010 commissioning of first 

demonstration plant, and problems at a 

large scale
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Facts to hypothesis

• Ammonia toxic to acetoclastic methanogens less 
toxic to hydrogenotrophic methanogens

• Propionic acid accumulation is due to insufficient capacity 

of hydrogenotrophic methanogens to synthesis formate

dehydrogenase enzyme

• Requirement for Se as part of this enzyme complex
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Batch screening tests
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Semi-continuous anaerobic digestion trials

Supplemented with: 

• Trace element 

combinations

• Single trace 

element
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Organic loading rate (OLR)
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Digestion efficiency
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Other digestion parameters
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Selected publications

More information on 

www.bioenergy.soton.ac.uk

www.valorgas.soton.ac.uk
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Microbial community 

structure analysis
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FISH images

Probe name Target group Probe sequence (5’-3’) Fluorescent dye Fluorescent colour Formamide (%)

EUB338 Bacteria GCTGCCTCCCGTAGGAGT Cy5 blue 20~50

ARC915 Archaea GTGCTCCCCCGCCAATTCCT 6-Fam green 20~50

MG1200 Methanomicrobiales CGGATAATTCGGGGCATGCTG Cy3 red 20

MS1414 Methanosarcinaceae CTCACCCATACCTCACTCGGG Cy3 red 50

MSMX860 Methanosarcinales GGCTCGCTTCACGGCTTCCCT Cy5 blue 45

Methanomicrobiales (food waste digestion)    Methanosarcinaceae (vegetable waste digestion)

Archaea ArchaeaMethanomicrobiales Methanosarcinaceae

Bacteria Methanosarcinales

and Bacteria
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Testing the maximum digester loading
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Testing operation under variable load conditions

OLR = 5.0 ± 3 kg VS m-3 day-1

Daily methane production (litres day-1)

Specific methane production    

(30-day rolling average)
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Dilute out 

experiments

OLR  3.0 kgVSm-3d-1 OLR  4.0 kgVSm-3d-1
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Trace elements requirement

• Selenium and cobalt are the key trace elements needed for 

long-term stability of food waste digesters in Europe, but 

are likely to be lacking in the food waste

• Minimum recommended concentrations in food waste 

digesters for selenium and cobalt are ~0.2  and ~0.35 mg l-1

respectively, when running at moderate loading rate

• A total selenium concentration >1.5 mg l-1 is likely to be 

toxic to the microbial consortium

• Food waste is likely to have sufficient Al, B, Cu, Fe, Mn, Zn, 

Ni, Mo and W, but always check!
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Tolerance to 

ammonia
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Full-scale digesters



IEA Task 37 Technical Workshop, Seoul, Korea

After addition of micronutrients

• VFA reduced from >30000 to <1000 mg l-1

• SMP increased from 380 to 420 m3 tonne-1 VS

• OLR increased to 3.2 kg VS m-3 day-1

Biocycle 900 m3 digester

Andigestion 300 m3 plant

DS

% WW

VS 

% WW

COD 

g l-1
N-total 

mg l-1
Co

mg l-1
Se

mg l-1
Ni

mg l-1

18.6 16.7 22.9 6877 0.07 0.04 0.52

Average composition of food waste as 

received at the Waterbeach plant

Substantial reduction in VFA 

following Se and Co addition
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Conclusions from mesophilic digester studies

• With proper trace element supplementation, 

stable operation of food waste digesters is 

possible with low VFA concentrations at a loading 

rate of 5 kg VS m-3 day-1 with volumetric biogas 

production of 3.8 m3 m-3 day-1 and specific biogas 

production of 0.76 m3 kg-1 VS. Higher loading are 

possible.

• Prevention of VFA accumulation in the digester by 

trace element supplementation is necessary, as 

recovery of a severely VFA-laden digester is not a 

rapid process even when supplements are added
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Thermophilic digestion
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Thermophilic

digesters fed on 

‘high’ nitrogen 

food waste
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Thermophilic

digestion  fed on  

‘low’ nitrogen 

food waste 
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Thermophilic

digestion with 

dilution of ‘high’ 

nitrogen food 

waste
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Conclusions from thermophilic digestion studies

• The threshold inhibition concentration for 
ammonia is ~2.5 g N l-1 TAN

• Failure of digester occurs at ≥ 3.5 g N l-1

• Trace element supplementation is not 
effective in controlling VFA accumulation in 
thermophilic digesters

• Food waste can be digested thermophilically
by dilution with water, but the ratio must be 
such as to reduce TAN ≤ 2.5 g l-1 which is about 
a 1:1 dilution



IEA Task 37 Technical Workshop, Seoul, Korea

Continuing work

• Ammonia removal in a side stream stripping 

process successful

• Mass and energy balances on full scale plant
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