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VI framework program financially supported by the European Union, 
the “Cropgen” project (contract n. SES6-CT-2004-502824). 

The main aim of the The main aim of the 
cropgencropgen project project 

is to firmly establish 
biogas technology as an 
economically attractive 
energy production 
process for both on and 
off-site use.   

Our role into the partnershipOur role into the partnership
concerns the thermophilic anaerobic co-
digestion of solid agro-waste (mainly 
rest of fruits and vegetables from 
markets) with waste activated sludge 
originated from the biological treatment 
of municipal wastewaters

the applicable sidethe applicable side concerns the best 
exploitation of the already existing 
anaerobic digesters (more than 36000 
in EU)



ThisThis paperpaper dealsdeals withwith::

the results of 2 years experimenting

• in single and two-phases plant confugurations

• on big size pilot plants 

• always on substrates from full scale Treviso plant

• on growing OLRs (~ 2-4-6… kgTVSf m-3 d-1) so to
reach the stress loading of the system (this work 
is still in progress…)
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The pilot The pilot plantplant: single : single phasephase

• 200 lt working volume 

• mechanically stirred,

• electrically heated at 55°C +/- 1°C

• fed once a day
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The pilot The pilot plantplant: : twotwo phasesphases
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• 800 lt working volume 

• mechanically stirred

• electrically heated at 55°C +/- 1°C

• fed once a day

I° Phase

Digester



SubstratesSubstrates characteristicscharacteristics
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1.059VFA (mgCOD/l)

86,783,782,4TVS (%TS)

184,7238,0210,6TVS (g/l)

213283250TS (g/l)

194.150210.790200.000COD (mgCOD/l)

4,43,63,4Ptot (mgP/gTS)

303331TKN (mgN/gTS)

Market waste

115,076,026,79,8VFA (mgCOD/l)

59,053,064,262,7TVS (%TS)

21,125,810,514,3TVS (g/l)

25,847,916,422,9TS (g/l)

20.93326.6518.39113.079COD (mgCOD/l)

13,813,715,615,5Ptot (mgP/gTS)

1.5202.1277781.341TKN (mgN/l)

7,08,64,02,4NH3 (mg/l)

7,037,017,166,81pH

Sludge

IVIIIIIIRunWAS from full scale 
BNR WWTP operating
SRT of 14 ÷ 16 days

Organic Wastes from the 
Treviso full scale plant



ConditionsConditions studiedstudied tilltill nownow
Single Single phasephase::

StartStart--up up ~ 45 days~ 45 days
PeriodPeriod I I ~ 42 days~ 42 days
Period II ~ 50 daysPeriod II ~ 50 days
Period III ~ 45 daysPeriod III ~ 45 days

TwoTwo phasesphases::
StartStart--upup ~ 35 days~ 35 days
PeriodPeriod I I ~ 55 days~ 55 days
Period II ~ 140 daysPeriod II ~ 140 days
Period III ~ Period III ~ in progressin progress
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5,704,151,820,84OLR, kg TVSf/m3d (II 
phase)

74,456,326,112,4OLR, kg TVSf/m3d (I 
phase)

12,913,614,116,0HRT, days (II phase)

1111HRT, days (I phase)

54,554,955,155,0T, °C (II phase)

54,854,755,355,1T, °C (I phase)

Operationg conditions

III+IIIStart-upRun

6,183,972,190,66OLR (kgTVSf/m3 d)

14161820HRT (days)

55,154,554,855,0T, °C

Operating conditions

IIIIIIStart-upRun



OLRsOLRs operatedoperated
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Single Single phasephase

TwoTwo phasesphases

Organic Loading Rate 
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ProcessProcess StabilityStability, pH, pH
pH Reattore

4

5

6

7

8

9

0 20 40 60 80 100 120 140 160 180 200

pH

SSC SSC SSC SSC

Periodo I Periodo  II Periodo III Periodo IV

Moscow, 29-31 May 2006

pH trend
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ProcessProcess StabilityStability, , AlkalinityAlkalinity
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Single Single phasephase::
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TwoTwo phasephase



ProcessProcess StabilityStability, , AmmoniaAmmonia
NH3 Reattore
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Single Single phasephase: : 
fromfrom ~~ 600 600 toto ~~ 1500 mg/l1500 mg/l

TwoTwo phasephase

Ammonia digester 
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SSC: Single SSC: Single phasephase characteristicscharacteristics
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6,012,816,523,0Ptot, mgP/gTS

2.5801.910839643TKN, mgN/l

40.98030.93017.11014.600COD, mg O2/l

57485020TVS reduction, %

41.328.917.012.4TVS, g/kg

62.142.027.021.3TS, g/kg

1.4731.265687598NH3/, mgN/l

3212007050VFA, mgCOD/l

7.0003.5052.7672.678TA(4), mgCaCO3/l

2.9472.3451.9522.029TA(6), mgCaCO3/l

7,597,897,907,83pH

Reactor

IIIIIIStart-upRun

fitsfits existingexisting digestersdigesters

ProcessProcess isis feasiblefeasible



SSC: SSC: TwoTwo phasesphases characteristicscharacteristics--II
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7.7016.7642.816VFA (mgCOD/l)

7365,571,6TVS (%TS)

44,139,917,7TVS (g/l)

60,058,824,7TS (g/l)

47.53139.12016.354COD (mgCOD/l)

10,688,810,7Ptot (mgP/gTS)

2.2622.4051.162TKN (mgN/l)

531450222NH3 (mg/l)

5,125,385,17pH

I phase

III*IIIStart-upRun

* Period still in progress

Seem too high…



SSC: SSC: TwoTwo phasephase characteristicscharacteristics--IIII
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41112687124VFA (mgCOD/l)

57,254,260,558,8TVS (%TS)
22,1024,512,812,5TVS (g/l)
38,6345,521,521,3TS (g/l)
23.03823.52612.01811.438COD (mgCOD/l)
18,412,116,0Ptot (mgP/gTS)

1.2741.491732921TKN (mgN/l)
5.9555.5092.9212.503TA(4), mgCaCO3/l
3.4493.6581.808833TA(6), mgCaCO3/l
1.5121.317622416NH3 (mg/l)
8,028,197,677,59pH

II reactor
III*IIIStart-upRun

* Period still in progress

but process is feasible



SSC SSC yieldsyields –– final comparisonfinal comparison
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12,9-13,6-14,1-16,0-HRT, II° phase (d)
1-1-1-1-HRT, I° phase (d)
-14-16-18-20HRT (d)
5857584851501820TVS Reduction, %
706772-73---CH4, %

0,600,590,540,520,580,55--SGPOFMSW (m3/kgTVSf)

0,120,160,120,160,120,160,120,16SGPsludge (m3/kgTVSf)

0,380,510,390,420,410,410,120,16SGP (m3/kgTVSf)

2,683,121,621,650,710,850,100,12GPR (m3/m3r d)

T.P.*S.P.T.P.S.P.T.P.S.P.T.P.S.P.
IIIIIIStart-upRun



YieldsYields, GPR, GPR
Gas Production Rate 
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GPR 
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YieldsYields, SGP, SGP

SGP 
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Specific Gas Production 
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GPRGPR--OLROLR

GPR = 0,5384 OLR - 0,3148
R2 = 0,9903

0

0,5

1

1,5

2

2,5

3

3,5

0 2 4 6 8

OLR, kgTVS/m3 d

G
PR

, m
3/

m
3 

d

GPR = 0,5179x - 0,3078
R2 = 0,9941

0,0

0,5

1,0

1,5

2,0

2,5

3,0

0 2 4 6 8
O LR - kgVS/m3d

G
PR

 - 
m

3/
m

3d

Single Single phasephase TwoTwo phasephase



0,00

0,05

0,10

0,15

0,20

0,25

0,30

0,35

0,40

0,45

0 1 2 3 4 5 6

OLR - kgVS/m3d

SG
P 

- m
3/

kg
V

Sd

Moscow, 29-31 May 2006

SGPSGP--OLROLR
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Conclusions IConclusions I

• OLRs ranging from 2 to 6 kgTVS/m3d showed a completely stable 
situation. pH and alkalinity values were always in typical ranges. The 
addition of increasing amount of waste in the feeding led to the
improvement in buffer capacity of the digester (from 2700 to 7000 mg 
CaCO3/l and from 2500 to 6000 mg CaCO3/l );

The work shows how is possible to implement the thermophilic
codigestion process to treat activated sludge and agro wastes coming 
from markets. In particular:

•Biogas production (GPR) in both cases increase linearly with OLR; 
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Conclusions IIConclusions II

•Single and two phases thermophilic co-digestion did not show relevant 
differences for OLRs up to 4 kgTVS m-3d-1

•In the last period (6 kgTVS/m3 d), the alkalinity trend of two 
phases process shows the possibility to increase the amount of waste 
up to 8 kg TVS/m3 d. This is the development of the research.

•As for SGP vs OLR, the two phases allows to reach the max specific 
yield since the second period (2 kgTVS/m3 d), while in the single phase 
process this happens only at the highest load (6 kgTVS/m3 d).



ThankThank youyou
forfor youryour attentionattention !!
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