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Start-up of the reactors was achieved with a sludge stabilization process, to ensure, in the first stage 
reactors, a sufficiently grade of digestion of the substrate: three consecutive loadings were performed in 
the course of three weeks. During this period, the methanogenic reactors were fed with the residual sieved 
first stage sludge, in order to maintain the activity and specialization of the microorganisms. 

Table 2: Sludge characterization 

Sample TS [g/L] TVS [g/L] CODtot [g/L] 

First stage sludge 47.63 42.35 68.00 

Methanogenic sludge 34.02 25.30 22.83 

3. Results and Discussion 

Through the assays the first stage reactors did not produce any gas. Initially this was believed to be a sign 
of reactor failure. Gas production was null even after increasing the organic loading rate and reducing the 
hydraulic retention time of the reactors, which is considered a standard procedure in achieving ideal first 
stage digestion conditions, as introduced by Pohland et al. (1971) and Ghosh et al. (1977). 
In spite of the lack of gas production, an increase in soluble COD was observed (indicating a conversion of 
the solid substrate into soluble matter), which was confirmed by the gas chromatographic analysis that 
revealed a high content of acetic acid and traces of other volatile fatty acids. 
The pH within the first stage reactors was lower than 5.0 through the assays: with a minimum of 3.3 within 
reactor 1 at the beginning of the stabilization stage, after which the pH maintained values around 3.9 ± 0.1, 
while reactor 2 went from a minimum pH of 3.9 at start-up to a stable value of 4.3 ± 0.1. 
After confirmation of the acidogenic activity of the first stage reactors, a volume of effluent of these 
reactors was fed to the methanogenic reactor of the two stage system, which was replaced with tap water 
and fresh substrate. The single stage reactor was loaded with fresh substrate and tap water. 
Both systems would be loaded with comparable amounts of organic matter, in order to present a reliable 
comparison between the two processes. The hydraulic retention time of the two stage system was 7 days 
for each reactor, while the hydraulic retention time of the single stage process would vary between 7 and 
20 days depending on the substrate fed. A run would be considered over, when the biogas production rate 
would be less than 15 mL/h. At this point the reactors would be fed with more substrate.  
The results obtained from the two stage digestion of maize silage were comparable with the results 
reported by Colussi et al. (2013) with a specific methane yield (SMY) of 0.27 m3 CH4/kg CODloaded.  
The results obtained from the single stage digestion of maize silage were in the average range of those 
available in literature with a SMY of 0.25 m3 CH4/kg CODloaded. (Hermann et al. 2012) 
The methane content in the two systems was very different, going from a 59.6 % of methane in the biogas 
produced by the two stage process and 41.4 % methane in the biogas obtained from the single stage 
process. 
After verifying the reliability of the system the assays of Red Radicchio waste digestion were started. The 
first stage reactors were fed with fresh RRW and tap water: samples used to load the second stage reactor 
were taken after 7 days, while the reactors were being fed with fresh substrate.  
Figure.2 presents the methane production curves of the two systems in the assays with RRW as substrate. 
The methane production of the first reactor loadings is not shown, as it was much lower than in following 
assays indicating that it was the transitional acclimation phase that the microorganisms need in case of a 
substrate change. 
While the production curves of the two stage system nearly overlap each other proving a stable steady 
state digestion, the methane production curves of the single stage process are very distant from each 
other, particularly after the first day mark. This indicates the lack of achieving a stable steady state in the 
single stage digestion process in the time available for the assays performed in this research. A prolonged 
assay time with the same substrate would probably stabilize the methane production process. 
Nevertheless these results can be considered positive in the frame of this research, showing that the two 
stage digestion system reaches a stable steady state in a much shorter time, when compared to a single 
stage process operated under the same conditions. 
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