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About About CropgenCropgen……..

It is a research project funded by the It is a research project funded by the EU'sEU's 6th Framework 6th Framework 
ProgrammeProgramme, involving 11 partners in 6 European countries. , involving 11 partners in 6 European countries. 

The overall objective of the research is to produce from The overall objective of the research is to produce from 
biomass a sustainable fuel source that can be integrated into biomass a sustainable fuel source that can be integrated into 
the existing energy infrastructure in the medium term, and in the existing energy infrastructure in the medium term, and in 
the longer term will also provide a safe and economical means ofthe longer term will also provide a safe and economical means of
supplying the needs of a developing hydrogen fuel economy. supplying the needs of a developing hydrogen fuel economy. 

The concept is based on the use of anaerobic digestion (AD) as aThe concept is based on the use of anaerobic digestion (AD) as a
means of producing methane from biomass, including energy means of producing methane from biomass, including energy 
crops and agricultural residues. crops and agricultural residues. 

The research will determine how the technology can best be The research will determine how the technology can best be 
applied to provide a versatile, lowapplied to provide a versatile, low--cost, carboncost, carbon--neutral neutral biofuelbiofuel in in 
an environmentally sound and sustainable agricultural framework an environmentally sound and sustainable agricultural framework 



PartnersPartners……..
SchoolSchool of of CivilCivil EngineeringEngineering and the and the EnvironmentEnvironment, University of Southampton, UK , University of Southampton, UK 
((SotonSoton)) and and CentreCentre for Underfor Under--utilised Crops, University of Southampton, UK, utilised Crops, University of Southampton, UK, 
(Soton (Soton -- CUC)CUC)
Department of Environmental Science, University of JyvDepartment of Environmental Science, University of Jyvääskylskylää, Finland (JyU), Finland (JyU)
Subdepartment of Environmental Technology, Department of AgrotecSubdepartment of Environmental Technology, Department of Agrotechnology and hnology and 
Food Sciences, Food Sciences, WageningenWageningen University, University, NetherlandsNetherlands (WU)(WU)
DepartmentDepartment of of EnvironmentalEnvironmental BiotechnologyBiotechnology, , InstituteInstitute forfor AgrobioAgrobio--technologytechnology
BOKU University of BOKU University of NaturalNatural ResourcesResources & & AppliedApplied Life Life SciencesSciences, Austria. , Austria. 
InstituteInstitute of of AppliedApplied MicrobiologyMicrobiology, BOKU University of , BOKU University of NaturalNatural ResourcesResources & & AppliedApplied
Life Life SciencesSciences, Austria (BOKU , Austria (BOKU -- IAM)IAM)
DepartmentDepartment of of EnvironmentalEnvironmental SciencesSciences, University of , University of VeniceVenice, , ItalyItaly (UNIVE(UNIVE--DSA)DSA)
Department of Science and Technology, UniversitDepartment of Science and Technology, Universitàà degli Studi di Verona, degli Studi di Verona, ItalyItaly
(UNIVR(UNIVR--DST)DST)
IndustrialIndustrial Process & Process & EnvironmentEnvironment DepartmentDepartment, , InstitutoInstituto de la de la GrasaGrasa, , SpainSpain (CSIC)(CSIC)
GreenfinchGreenfinch LtdLtd, UK (, UK (GreenfinchGreenfinch))
OrganicOrganic Power Power LtdLtd, UK , UK 
Metener Ltd, Finland (Metener Ltd, Finland (MetenerMetener) ) 

7 Universities, 1 Research Centre, 3 Companies



TrialsTrials on on 
single single phasephase thermophilic thermophilic 

anaerobic anaerobic coco--digestiondigestion
of of 

wastewaste activatedactivated sludgesludge
and and 

market market agroagro--wasteswastes

University of Venice University of Venice -- Department of Environmental SciencesDepartment of Environmental Sciences



The pilot The pilot 
plantplant

200 liters working volume

mechanically stirred,

electrically heated at 55°C +/- 1°C

fed once a day



FeedFeed characteristicscharacteristics
Run I II III IV 

feed 
Sludge 

pH 7,04 7,27 7,00 7,06 
Alkalinity (mgCaCO3/l) 416 315 361 350 
NH3 (mgN/l) 26,7 11,3 33,5 15,8 
TKN (mgN/l) 1335 865 1595 1873 
Ptot (mgP/gTS) 20,4 17,5 17,3 8,4 
COD (mgCOD/l) 21.942 21.734 20.178 20.742 
TS (g/kg) 20,9 24,8 30,4 34,6 
TVS (g/kg) 13,3 13,9 20,5 21,7 
%TVS 62,0 60.0 67.0 60,8 
VFA (mgCOD/l) 49,8 40,1 62,5  

Market wastes 
TKN (mgN/gTS)  27,3 28,5 32,3 
Ptot (mgP/gTS)  5,1 7,3 3,9 
COD(mgCOD/gTS)  912 920 841 
TS (g/kg)  242,5 241,6 276,4 
TVS (g/kg)  192,8 198,4 218,7 
%TVS  79,9 83,3 32,3 

 



MixtureMixture characteristicscharacteristics
Run I II III IV 

Mix 
pH 7,04 6,08 5,55 5,78 
Alkalinity (mgCaCO3/l) 416 682 730 1019 
NH3 (mgN/l) 26,7 40,1 95,6 131,2 
TKN (mgN/l) 1335 1477 3282 3592 
Ptot (mgP/gTS) 20,4 12,8 10,6 5,2 
COD (mgCOD/l) 21.942 35.380 61.190 88.826 
TS (g/kg) 20,9 45,2 75,7 106,2 
TVS (g/kg) 13,3 33,9 60,2 82,9 
%TVS 62,0 73,1 78,3 77,8 
VFA (mgCOD/l) 49,8 192,8 522,4  

 



OperationalOperational conditionsconditions studiedstudied

Run  I II III IV 
Operational conditions 

T, °C 55.0 54.8 54.5 55.1 
HRT (day) 20 18 16 14 
OLR (kgTVSa/m3r) 0,66 2,19 3,97 6,18 



AppliedApplied OrganicOrganic LoadingLoading Rate, Rate, 
((kgVSkgVS per mper m33 per day)per day)

Organic Loading Rate 
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Total and Volatile Total and Volatile SolidsSolids in the in the feedfeed

TS-TVS Alimentazione
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YieldsYields, Biogas Production Rate, Biogas Production Rate
(m(m33 per mper m33 reactorreactor per day)per day)

Gas Production Rate 
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YieldsYields, , SpecificSpecific Biogas ProductionBiogas Production
(m(m33 per kg VS per kg VS fedfed))

Specific Gas Production 
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Biogas Biogas yieldsyields vsvs OLROLR
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Process Process stabilitystability, , pHpH
pH Reattore
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Process Process stabilitystability, , AlkalinityAlkalinity
Alcalinità Reattore
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ReactorReactor NHNH33--NN
NH3 Reattore
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CHCH44--COCO22 trendstrends
Composizione % gas
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SSC SSC reactorreactor characteristicscharacteristics
RUN  I II III IV 

Reactor 
pH 7,83 7,90 7,89 7,59 
TA (4), (mgCaCO3/l) 2678 2767 3505 7000 
TA (6), (mgCaCO3/l) 2029 1952 2345 2.947 
NH3 (mgN/l) 598 687 1.265 1.473 
TKN (mgN/l) 643 839 1.909 2.583 
Ptot (mgP/gTS) 23,0 16,5 12,8 6,0 
COD (mgCOD/l) 14.600 17.109 30.932 40.983 
TS (g/kg) 21,3 27,0 42,0 62,1 
TVS (g/kg) 12,4 17,0 28,9 41,3 
%TVS 56,2 65,0 69,1 66,0 
VFA (mgCOD/l) 156,2 69,9 199,8  



SSC SSC yieldsyields
 

Run I II III IV 
GPR (m3/ m3r) 0,12 0,85 1,65 3,12 
SGP (m3/ kgTVSf) 0,16 0,41 0,42 0,51 
SGPsludge(m3/kgTVSf) 0,16 0,16 0,16 0,16 
SGPwaste(m3/kgTVSf) - 0,55 0,52 0,59 
CH4,% - - - 67 
HRT (d) 20 18 16 14 
TVS reduction, % 20 50 48 57 

SGP SGP forfor wastewaste = = ~ ~ 0.550.55 mm33//kgTVSkgTVS



PARTIAL CONCLUSIONSPARTIAL CONCLUSIONS

ThermophilicThermophilic start up is possible using waste activated start up is possible using waste activated 
sludge as inoculum at an OLR=0.6sludge as inoculum at an OLR=0.6--0.7 kgTVS/m0.7 kgTVS/m33d, HRT= d, HRT= 
20 days;20 days;

The process is very stable in the OLR range of 2The process is very stable in the OLR range of 2--6 6 
kgTVS/mkgTVS/m33d. d. VFAsVFAs concentration was  < 300 mg/l;concentration was  < 300 mg/l;

Average SGP of 0.55 mAverage SGP of 0.55 m33/kgTVS;/kgTVS;



Next stepsNext steps

Two phase experiments: thermoTwo phase experiments: thermo--thermothermo

Solid recycling to uncouple SRT and Solid recycling to uncouple SRT and 
HRT HRT 



BMP and kinetic modelling BMP and kinetic modelling 
for design purposesfor design purposes

University of Verona 
Department of Science and Technology



BMP determination
Owen Owen –– like like 

(1979): > 30 days (1979): > 30 days 
batch digestion of batch digestion of 
inoculum +  inoculum +  
substrate substrate 

triplicatetriplicate

measurement of measurement of 
produced biogas produced biogas 
(methane)(methane)

specific methane specific methane 
yield (liter (STP)/g yield (liter (STP)/g 
VS added)VS added)

Substrate size:

~ 10 mm



AnAn adaptedadapted inoculum, inoculum, ifif youyou cancan……

Department of Science and Technology – University of Verona

inocinoc

hsubsub

AVS
KVSV

inoculum
V

⋅
⋅⋅

=

Vinoculum  = volume of the inoculum (sludge), litre 
Vsub  = volume of the substrate, litre  
VSsub   = volatile matter in the substrate, gCOD/l 
Kh   = first order hydrolysis constant, d-1 
VSinoc   = volatile matter in the inoculum, gVS/l 
Ainoc   = activity of the inoculum, gCODgVS-1d-1 



Mesophilic trials
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BMP values determined

Mesophilic conditions (37 °C)  = 

0.730  +/- 0.137 litre/gVS (@ STP)

Thermophilic conditions (55 °C) = 

0.850 +/- 0.222 litre/gVS (@ STP)



Trials for the determination of the hydrolyisis constat
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Determination of the hydrolysis 
constants (very preliminary results) 

Value of the hydrolysis constant, k (1/day) 

Mesophilic conditions : 0,17 1/d

Thermophilic conditions  : 0,28 1/d



Partial conclusions Partial conclusions 

• Results indicate a good biodegradability with high 
BMP and values of the first order kinetic constant in  
both mesophilic and thermophilic conditions. 

• New tests for the determination of the BMP and the 
value of the first order kinetic constant changing the 
size of the feeding (yogurt-like substrate) 

Future stepsFuture steps……


