Agricultural Engineering (Scientific Journal of Agriculture), 46 (3), Fall, 2023

[ Research Article I
Agricultural Engineering., 46(3) (2023) 327-342 ISSN (E): 2588-526X

DOI: 10.22055/AGEN.2024.45415.1695 ISSN (P): 2588-5944

Investigating the effect of digester stirring on biogas production from
bean skin

M. Malekzadeh?, R. Yeganeh?*, B. Ghamari® and Sh. Ghavami Jolandan*

=

Former MSc., Department of Biosystem Engineering, Agriculture Faculty, llam University, Ilam, Iran.

2. Associate Professor, Department of Biosystem Engineering, Agriculture Faculty, llam University, Ilam,
Iran.

3. Assistant professor, Department of Biosystems Engineering, Faculty of Agriculture, ilam University, Iran,

4. Assistant professor, Department of Biosystems Engineering, Faculty of Agriculture, Shahid Chamran

University of Ahvaz, Iran

Received: 1 December 2023  Accepted: 31 December 2023 “Corresponding Author: r.yeganeh@ilam.ac.ir

Abstract

Currently, achieving clean and economical energy resources is a primary goal for countries, especially those
in development. The global energy consumption has seen a significant increase in recent years due to
population growth and industrial development in both developed and developing countries. Bio-gas, derived
from organic carbon-containing materials such as agricultural, industrial, and domestic waste, stands out as a
vital renewable energy source. Bio-gas offers unique advantages, including the preservation of natural
resources, environmental protection, renewable energy generation, and non-toxicity.
This research focuses on investigating the influence of lentil skin on the production of bio-gas and its
constituent components. Digesters with a uniform volume of approximately 14 liters were prepared,
equipped with devices for measuring pH and gas volume. The experiment was conducted under controlled
conditions with an average temperature of 28-30 degrees Celsius. The digestion process involved loading
digesters with a mixture of 7 kilograms of lentil skins and water in a 1:1 ratio. The experiment was performed
in three replicates, utilizing fixed digesters, digesters with vibrations every three days, and digesters with
daily vibrations as influencing factors. The process duration was set at 30 days. Throughout the procedure,
pH changes and gas pressure were recorded every three days, with gas quantity and constituent components
data collected every ten days.
Gas chromatography was employed to identify the constituent components of bio-gas, including propane,
methane, carbon dioxide, and ethane. Some digesters exhibited trace amounts of nitrogen, iso-butane, and n-
butane with very low percentages. Results indicated that digester vibrations directly affect pH levels, with
digesters vibrating daily experiencing the highest pH and the most significant variations. Additionally,
digester vibrations have a direct impact on bio-gas production, enhancing structural effects within the
digester. However, increased vibration frequency has a negligible effect on bio-gas production. The average
methane production in this process was 34.06 mol% for digesters vibrating daily, 23.09 mol% for digesters
vibrating every three days, and 17.32 mol% for fixed digesters.
Introduction: Biogas is a natural and cost-effective source of energy that leaves significant impacts on the
environment and industries, widely produced and utilized in many countries. This gas is generated through the
anaerobic digestion of organic materials, including animal manure, food waste, and sewage. Microorganisms play
a crucial role in the biogas production process by feeding on biomass. The digestion carried out by these

® © 2023 The Author(s). Published by Shahid Chamran University of Ahvaz. This is an open-access article distributed under
@ the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits
BY

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://doi.org/10.22055/agen.2024.45415.1695
mailto:r.yeganeh@ilam.ac.ir

328
Agricultural Engineering (Scientific Journal of Agriculture), 46 (3), Fall, 2023

microorganisms produces methane, constituting approximately 50-70% of biogas, which is flammable and used
for cooking, cooling and heating, electricity generation, methanol and steam production, waste management, and
mechanical power. Biogas production leads to the reduction of pathogenic factors (flies, worm eggs), conversion
of organic waste into high-quality fertilizer, preservation of vegetation cover, soil, and water, increased efficiency
in livestock and agriculture, and, most importantly, a decrease in dependence on fossil fuels and mitigation of
greenhouse gas effects, among many other advantages. Given these benefits, biogas production holds special
significance, and extensive research has been conducted globally in this field, yielding valuable results. In the
present study, we aim to investigate and evaluate the influence of lentil skin as a biomass on the quantity and
constituents of produced biogas.

Materials and Methods: This research was conducted in the Biosystems Mechanics Workshop of the Faculty of
Agriculture, llam University. To control environmental conditions, a dedicated room in the workshop was
allocated, ensuring temperature control throughout the experiment. The objective of this study was to investigate
the effect of lentil skin on biogas production and analyze its constituent components.

The workflow typically comprised four stages. In the first stage, fresh lentil skins were broken down into smaller
pieces and stored in a suitable environment to be used as digester feedstock for the experiment. Shredding organic
waste aids in the digestion process. The second stage involved providing optimal conditions for microbes, which
require warmth. Accordingly, the temperature was maintained at an average of 28-30 degrees Celsius during the
experiment.

The third stage involved the actual digestion process, where anaerobic digestion took place in large tanks, resulting
in real biogas production. For this purpose, materials were combined in predetermined proportions (1:1) and
loaded into the digesters. In each stage, 5 kilograms of lentil skin were combined with 5 kilograms of water and
added to the digester. The experiment was conducted in three repetitions, employing fixed digesters, digesters with
agitation every three days, and digesters with daily agitation as influencing factors.

The quantity of biogas production and its components were examined over a 30-day period. Gas sampling
occurred every 10 days, while pH and gas pressure were measured every 72 hours. In the final stage, the gas
underwent purification by removing impurities and carbon dioxide. The amount of gases produced from lentil skin
was measured using a chromatograph with a TCD detector. This instrument employs chromatography-based
separation. It's worth noting that 9 gas capsules specifically designed for automobiles were used to construct the
digesters. The construction stages of the digesters included cleaning, coloring, and installing connections.
Moreover, to create uniform temperature and concentration conditions inside the tank, inlet and outlet connections
were carefully designed and installed. A safety valve was also installed to ensure the safety of the digesters.

Results and Discussion: The obtained results, including loading conditions, pH levels, and internal pressure
within the digester during the experiment, and the quantity and components of biogas, were examined across all
samples. Statistical methods, including Analysis of Variance (ANOVA) and Duncan's mean comparison test,
were employed for data analysis. The results indicated that digester agitation directly influences the pH levels, with
the highest pH observed in digesters with daily agitation, displaying the most significant fluctuations.

Furthermore, digester agitation has a direct impact on the biogas production levels, enhancing structural effects
within the digester. However, frequent agitation repetition has a negligible effect on the amount of biogas
produced. The average methane production rates in this process were 34.06% mol for digesters with daily
agitation, 23.09% mol for digesters with agitation every three days, and 17.32% mol for fixed digesters.
Conclusion: Currently, a significant portion of the world's energy demand is met through fossil fuels, the
combustion of which releases carbon dioxide and various pollutants, including sulfur and nitrogen oxides, which
are highly harmful. Consequently, in recent years, there has been a growing inclination towards utilizing various
renewable energy sources. One crucial energy source that also provides a solution for waste reduction is biogas.
Given the increasing importance of sustainable energy development and the need for waste management,
anaerobic digestion technology and biogas production have rapidly grown. Therefore, the findings of this research
underscore the importance of exploring innovative methods and utilizing diverse biological resources in managing
and optimizing the biogas production process.
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Figure(6) depicts the daily average changes in gas pressure produced
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Figure(7) Average levels of produced gases including propane, methane, carbon dioxide, and ethanol
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Table(6) Variance analysis of the effect of the vibration parameter of digesters on the amount of biogas

produced
32! Sl yo (Sl Ol o £gocmo CEBIRE ST Ol el @l
(Value) (Average of (Sum of (Degrees of (Sources of changes)
(3] squares) squares) freedom) (SOV)
(MS) (SS) (df)
11.35% 0.22 0.45 2 (Pressure) ,Lzs
- 0.02 0.12 6 (Testerron) b7 sles
- - 0.57 8 (Total) Js°

(Significance at the 1% probability leveD) s ,s v Sl w53 (gl gnn s

ol Mgl I Ul 9 el E98 1 puSilio duslio STy yOI18 90T Zuli (V) g
Table(7) The results of Duncan's test to compare the average effect of digester type on the amount of
gas produced

(Average pressure) s ol e 5k (Type of digester) e
0.84° (Fixed) <.t
1.26% (Shaking every three days) LSS 55, aw 35
1.3672 (Shake every day) ;5, » 55}

IRy - b (sl gmn M| S i oy > (sl yls Lgl.a&;jl:.a
(Averages with common letters do not have significant differences)
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