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2 12 Lack of Fit Interior 1.56045 48.7505 49.689 
3 6 Lack of Fit Interior 10.414 81.6885 7.89749 
4 3 Model Edge 70.937 29.063 0 
5 10 Replicate Edge 70.7983 0 29.2017 
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11 7 Model Interior 64.6914 18.1159 17.1927 
12 0 Replicate Center 33.3333 33.3333 33.3333 
13 4 Model Vertex 0 100 0 
14 0 Center Center 33.3333 33.3333 33.3333 
15 2 Model Vertex 100 0 0 
16 16 Lack of Fit Interior 9.30268 9.55147 81.1458 
17 14 Model Edge 0 28.4496 71.5504 
18 17 Model Vertex 0 0 100 
19 11 Lack of Fit Interior 45.5701 7.17716 47.2527 
20 0 Center Center 33.3333 33.3333 33.3333 
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22 8 Model Interior 18.8222 63.308 17.8698 
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Linear 0.3745 0.0496 0.0033 -0.2729
Quadratic < 0.0001 0.3233 0.6874 0.3752
Special Cubic 0.0145 0.5067 0.7791 0.6062 Suggested
Cubic 0.2929 0.5406 0.7952 0.0472
Sp Quartic vs 
Quadratic 0.1125 0.4314 0.7533 0.5605

Quartic vs Cubic 0.3253 0.6230 0.8254 -18.6207
Quartic vs Sp 
Quartic 0.2111 0.6230 0.8254 -18.6207

  
-3          

 

Source Sum of 
Squares df Mean 

Square F-value p-value

Model 77062.68 6 12843.78 13.35 < 0.0001 Significant
⁽¹⁾Linear 
Mixture 8987.62 2 4493.81 4.67 0.0265

AB 1298.90 1 1298.90 1.35 0.2635
AC 5563.78 1 5563.78 5.78 0.0296
BC 17844.64 1 17844.64 18.54 0.0006
ABC 7354.42 1 7354.42 7.64 0.0145
Residual 14436.15 15 962.41
Lack of Fit 10857.76 11 987.07 1.10 0.5067 not significant
Pure Error 3578.39 4 894.60
Cor Total 91498.83 21
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11 Fit Statistics 
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Abstract 

Anaerobic digestion is a complex and very sensitive process that includes several types of microorganisms with specific 
environmental conditions. The type and structure of the substrates also affect the performance of biogas production. In this 
research, the biological purification of municipal wastewater was investigated as an organic waste with a low C/N ratio in the 
presence of carbon-rich lignocellulose subestra with a high C/N ratio. Optimization of the composition of the substrates to 
achieve the highest yield of biogas production with the maintenance of reactor stability.  A Biochemical methane potential 
(BMP) test was used to perform experiments. The response surface methodology (RSM) and mixture design were used to 
modeling and determine the optimal composition. The results showed that anaerobic co-digestion of municipal wastewater 
with substrates such as sugarcane plant and spent black tea with high C/N ratios help improve biogas production. Excessive 
use of sugar waste in the substrate composition causes a severe production of fatty acids, and as a result, biogas production 
decreases with acidification. In experiments conducted in this study, reactors with more than 70% cane waste showed this 
phenomenon. Spent black tea as a co-substrate is suitable for co-digestion with municipal wastewater. But the presence of 
this substance with a high percentage in combination due to the antibacterial properties of polyphenol and tannins in it leads 
to the loss of useful microorganisms of anaerobic digestion and reduces biogas production yield. The best substrate 
composition contains 25% of the lignocellulose waste of sugar cane, 34% spent black tea, and 41% municipal wastewater, 
which produced the most possible biogas. This value is equal to 239 ml / g vs of biogas. 
 
Keywords: Anaerobic co-digestion, municipal wastewater, Carbon to hydrogen ratio, Reactor stability, 
Modeling 
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