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Abstract

Purpose of the study: The objective of this study was to optimize biogas and methane
production from the anaerobic co-digestion of wheat straw (WS) and primary sludge (PS).
These two substrates, found abundantly in Egypt, may induce environmental issues and can
be recycled in the methane production. Indeed, in Egypt, no development occurred in the
energy field in addition to the lack of fossil energy resources. Thus, the methane production
from wastes as PS and WS will be a suitable solution for renewable energy production. Batch
digestion tests were carried out in 500mL glass digester under mesophilic temperature at 37
1°C with a VSinoculum/VSsubstrate ratio of 2 and over a 30 days period. In this study, two
steps were performed; in the first step, six mixtures of 12, 10, 8, 7.50, 6 and 3 gVS/L were
carried out to investigate the best volatile solids organic loads for optimum gas generation. In
the second step, different mixtures of WS and PS depending on its C/N ratio (35, 25, 20, 15
and 10) were carried out to investigate the optimum C/N ratio for effective biogas and
methane production.

Results: For the first step, the result showed that the amount of gas generated from the
digested feedstock increased gradually with the increasing of VS organic loads to the
optimum value of 491.10 ml/gVSadd at organic loads of 7.50 gVS/L, which showed a higher
biogas production of 1.59, 1.29, 1.31, 1.16 and 2.03 time than the other organic loads of 12,
10, 8, 6 and 3 gVS/L respectively. The biogas production from all organic loads was higher
than the digesting of PS alone. The maximum cumulative methane yields (CMYs) was
observed at organic loads of 7.50 gVS/L. The highest VS removal rates of 71.77 and 69.87%
were obtained at organic loads of 7.50 and 6 gVS/L.

For the second step, the cumulative methane yields (CMY's) for co-digestion of PS and WS at
C/N ratios of 35, 25, 20, 15 and 10 were 1.29, 1.62, 1.33, 2.44 and 2.16 time higher than
digesting PS alone, respectively. The maximum CMYS was observed at C/N ratio of 15
(333.90 ml/gVSadd) with an increase of 89 %, 50.93 %, 83.61 % and 13.12 % compared with
the other C/N ratio of 35, 25, 20 and 10 respectively. The maximum VS removal rates for the
co-digestion of PS and WS recorded at C/N ratios of 10 and 15 were 63.59% and 61.68%
compared with digesting PS or WS alone.

Conclusions: In general the optimized organic loads which gave the highest cumulative
biogas and methane yields correspond to a range of 6 to 8 gVVS/L. The optimal C/N ratio for
CMYs was recorded at 15. This result showed the positive synergy of optimize the VS
organic loads for biogas production caused by best utilization of the feedstock without
accumulation, also improving the buffer capacity of the anaerobic digestion system and
enhancing the biodegradability of the feedstock.
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Step 1

Table 1. Cumulative methane yields, volatile solids removal rate and pH for anaerobic co-digestion of

PS and WS

12 gVS/L 10gVSIL  8gVSIL  7.5gVS/IL  6gVSIL  3gVSIL PS ws

Methane 65.77 58.14 66.38 68.00 68.43 62.46 47.33 61.22

content (%)
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Fig. 1. Cumulative methane production from the co-digestion of PS and WS under different

organic loads.
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Fig. 2. Volatile solids removal rate and pH for the co-digestion of PS and WS under different organic

loads.

Step 2

Table 1
Cumulative methane yields, volatile solids removal rate and pH for anaerobic co-digestion of PS and
WS

C/IN35 C/IN25 C/N20 C/N15 CIN10 PS WS

Vo re'?o‘/l‘)’a' A€ 5720 5980 5638 6168 6359 5058  55.88

pH 7,65 7,26 7,21 7,60 7,21 7,66 7,52

Cumulative
methane yields
(mL CH4/g VS)

176.70  221.30 181.90 333.90 29520  136.80 243
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Fig. 1. Cumulative methane yields production from the co-digestion of PS and WS with different C/N
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