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Table 3- Results of statistical analysis of methane production modeling at different temperatures
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Introduction

The need to develop alternative energy sources especially renewable energy has become increasingly
apparent with the incident of fuel shortages and escalating energy prices in recent years. With the advent of
renewable energy, various studies have been conducted to investigate the potential of biogas production from
agricultural waste. Considering the importance of retention time and methane production potential for designing
industrial digesters, many studies on potential analysis and modeling of the digestion process of different
products have been carried out by various researchers. These studies are valuable for the design and
implementation of anaerobic digesters. Apple is one of the most popular fruits in many parts of the world and is
widely cultivated in many temperate regions of the world. Considering the large volume of apple waste in Iran,
this study was designed based on potential evaluation and modeling of biogas production from apple pulp.
Materials and Methods

In order to measure the potential of biogas production from apple pomace, a number of lab-scale digesters
with a capacity of 600 ml and a working capacity of 400-500 ml were made. pH and C/N ratio were modified by
adding NaOH and urea solution, respectively. Three different temperature treatments including psychrophilic
(ambient temperature), mesophilic (37°C), and thermophilic (47°C) were applied to the substrate. Used pomace
samples were collected from the output of an apple juice factory in southern Isfahan province, Iran. Anaerobic
Biodegradability (ABD) was obtained by dividing the experimental methane production potential (BMP)
obtained from the experimental results on the theoretical methane production potential. Three most common
kinetic models of Gompertz, Logistic, and Richards were used to predict and stimulate the cumulative methane
production of treatments.
Results and Discussion

Under ambient temperature, the digestive process took a longer time, and the time of maximum dilly biogas
production was considerably more than the other two treatments. Statistically, production time and peak time of
this treatment was higher than the other two treatments at 1% significance level. Maximum daily biogas
production in the ambient treatment was observed on day 37th with a volume of 6.99 g-VS™ ml, while maximum
daily biogas production in the treatments of 37 °C and 47 °C were observed on days 22th (20.16 ml g-VS™) and
20th (25.57 ml g-VS™), respectively. In all three treatments, daily biogas production increased sharply in the first
incubation days and after that reduced and then production increased again. In mesophilic and thermophilic
treatments, the production of biogas modestly stopped after 35 days, but under the ambient temperature, the
process of production continued after 55 days. The methane concentration of biogas in the psychrophilic
treatment was significantly lower than the other two treatments at 1% level. Two treatments of 37°C and 45°C
have a significant difference in methane yield at 1% level. Nevertheless, the production of biogas in two
treatments was not statistically different. In all three treatments, the lowest pH was recorded after 7 days of
production and the highest pH was recorded on days 34-40. All three kinetic equations were able to simulate the
methane production process with high precision, although the results of the Logistic model provided higher
accuracy. In the treatment 47 °C, the efficiency of the studied equations was higher than other treatments and
models were able to predict the production process with higher accuracy. Results of the experiment show the
high biochemical methane production potential of apple pomace (473.17 ml g-VS™), which under laboratory
condition of this study up to 63.9% of this potential (302.70 ml g-VS™) was obtained.
Conclusions

This study results are valuable for the design and implementation of industrial digesters. The results indicate
the apple pomace has a high potential for the production of methane and its biodegradability is high. Apart from
pH that is acidic, other apple pulp factors are appropriate for the activity of methanogenic bacteria. In terms of
nutrients, apple pomace is also a good environment for the growth of anaerobic bacteria.
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