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Abstract

Introduction: Biogas, a product of anaerobic digestion of biomass resources, is one of the major
renewable energies with the potential to replace fossil fuels. Anaerobic digestion is performed
under specific conditions and according to a specific chemical process. Sugar cane is one of the
most common sources of sugar and bioethanol production in the world. In the ethanol distillation
process, large quantities of vinasse are produced. The direct consumption of vinasse as fertilizer
has many environmental problems. Anaerobic digestion of vinasse is a potential solution to such
environmental problems. Factors affecting the performance of an anaerobic digester can be
classified into three main categories: (1) raw material characteristics, (2) reactor design, and (3)
operating conditions. Among the operating conditions, temperature and pH are the most
important parameters, so in this study, these two parameters were investigated.

Materials and Methods: The main raw material was vinasse. Some other additives were used to
alter its chemical properties. To have a proper substrate composition, the ingredients before
loading into the digesters were evaluated for their chemical and physical properties, including
pH, concentration and C/N ratio. The bovine rumen contents of 10% of the final volume of input
material were added to supply methanogenesis bacteria as well as to modulate the (C/N) ratio.
The Total Solid Content (TS), Volatile Solid (VS) and Chemical Oxygen Demand (COD), were
evaluated before and after digestion.

A series of batch reactor were used to perform the experiment. The experiment was carried out in
a split plot design in a completely randomized design. The main and sub-factor was respectively
temperature (at four levels of 30, 35, 40 and 45 ° C) and pH (at four levels of 6.8, 7, 7.2 and 7.4),
and the experiment was performed in three replication.

To measure the volume of gas produced, a 50 ml water tank connected to the digester outlet as a
U-tube was used. The amount of water movement in the U-shaped tube is an indicator of the
volume of biogas produced. For better detection of water displacement, some color was dissolved
in water. Passing the gas produced from the three-molar NaOH solution, its impurities (mainly
carbon dioxide) were absorbed, and the resulting pure gas was re-measured using a U-shaped
tube. Using the law of complete gases, the biogas volumetric index was converted to the standard
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gas volume and finally converted to values based on (ml/gVS) and the new values were analyzed
by analysis of variance and mean comparison.

Results and Discussion: Almost all main and interaction effects on all the factors studied were
significant at the 1% probability level. The amount of gas produced increased with increasing
temperature but with increasing pH, it first increased and then decreased. The amount of gas
produced at 35, 40 and 45 °C was not significantly different. So because of economic and energy
constraints, an operating temperature of 35 °C is recommended for anaerobic digestion of
vinasse. The graph of the interaction of temperature and pH shows that at higher temperatures the
rate of gas production increases with increasing pH. Although the highest gas volume was
obtained at pH of 6.8 and 7.4, but the gas produced in the pH range of 7—7.2 was more pure.
Therefore, the best combination of pH and temperature to produce the highest and purest gas is 7
and 35 °C, respectively. But since the vinasse produced in the alcohol factories has high
temperature and therefore higher temperatures are possible, so 40 °C is also recommended.

It was also clearly observed that the smaller the volume of gas produced, the greater its purity.
The VS-R factor is also more sensitive to temperature changes than to pH changes. Thus, in
anaerobic digestion of vinasse, pH control is more important than temperature control. VS-R
performs best at pH 7. This factor was not significantly different at 35, 40 and 45 °C. Therefore,
considering the cost of providing more heat at temperatures of 40 and 45 °C compared to 35 °C,
35 °C is the best temperature for manure production with the highest volatile organic matter
removal.

The COD-R process was similar at all pHs. COD-R at pH 7 was higher at all temperatures than at
other pHs. It was also significantly higher at 40 and 45 °C, compared to other temperatures. So
like other factors, the best pH and temperature based on this factor are 7 and 40 °C, respectively.
Conclusion: According to all factors studied, the best pH and operating temperature of anaerobic
digestion of sugar cane vinasse is 7 and 35 ° C, respectively. Another important conclusion to be
drawn from this study is that changes in all parameters studied are affected by pH changes rather
than temperature changes. Therefore, sufficient care must be taken to ensure that pH variations in
the anaerobic digestion medium be very low and around the range proposed (about 7).
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3: Gas exhausting valve, 4: U-shaped tube, 5: Water outflow pipe).
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Table (2) The significancy of F index in studied variables
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