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Abstract: This research study aimed to examine the effect of various parameters on sustainable biogas
production through the anaerobic digestion of organic matter. A laboratory-scale biogas digester was used
to evaluate the impact of different feedstock compositions, temperatures, pH levels, retention times, mixing
and agitation, inoculum, and operating conditions on biogas production efficiency and yield. Biogas yield,
quality, and composition were measured and analyzed to identify the optimal conditions for sustainable
biogas production. The results of the study indicated that feedstock composition, temperature, pH, retention
time, mixing and agitation, inoculum, and operating conditions all had significant impacts on biogas
production efficiency and yield. Specifically, feedstock composition and retention time were found to be the
most critical factors affecting biogas production. A high carbon-to-nitrogen (C:N) ratio in the feedstock
and longer retention times were associated with higher biogas yields. The findings of this study have
important implications for the development of more efficient and sustainable biogas production systems. By
optimizing the various parameters involved in biogas production, it is possible to improve the efficiency and
yield of biogas production, while minimizing environmental impact. This research contributes to the
growing body of knowledge on sustainable energy generation and waste management, and highlights the
potential of biogas production as a renewable energy source.
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I. INTRODUCTION
The production of biogas through the anaerobic digestion of organic matter is an important strategy for sustainable
energy generation and waste management. However, the efficiency and yield of biogas production can be influenced by
various parameters, including feedstock composition, temperature, pH, retention time, mixing and agitation, inoculum,
and operating conditions. To further understand the impact of these parameters on sustainable biogas production, a
research study will be conducted. The objective of the study is to investigate the effect of various parameters on the
efficiency and yield of biogas production, and to identify the optimal conditions for sustainable biogas production. The
study will be conducted using a laboratory-scale biogas digester, where different feedstock compositions and operating
conditions will be tested to evaluate their impact on biogas production. The parameters that will be examined include
the type and composition of feedstock, temperature, pH, retention time, mixing and agitation, inoculum, and operating
conditions. The biogas yield, quality, and composition will be measured and analyzed to determine the optimal
conditions for sustainable biogas production.
The results of this study will provide valuable insights into the factors that influence sustainable biogas production, and
inform the development of optimized biogas production processes. Ultimately, the findings of this research could
contribute to the development of more efficient and sustainable biogas production systems, which can help to address
the growing demand for renewable energy and reduce greenhouse gas emissions. Various parameters on sustainable
biogas production are
o Feedstock composition: The type and composition of feedstock used in the biogas production process can
affect the yield and quality of the biogas. For example, using feedstock with a high carbon to nitrogen (C:N)
ratio can result in a slower biogas production rate and lower biogas yield. The feedstock should be balanced to

Copyright to IJARSCT DOI: 10.48175/IJARSCT-8922 804
www.ijarsct.co.in



(, IJARSCT ISSN (Online) 2581-9429

xx International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJARSCT

Volume 3, Issue 2, March 2023
Impact Factor: 7.301

provide a suitable carbon to nitrogen ratio (C/N) for the microorganisms to break down the organic matter
efficiently. The C/N ratio should be around 25-30:1 for optimal biogas production

e Temperature: The temperature of the biogas digester can also affect biogas production. Higher temperatures
generally result in faster biogas production rates, but the optimal temperature range can depend on the type of
feedstock used. Thermophilic conditions (around 55°C) are suitable for fast biogas production rates, while
mesophilic conditions (around 35°C) are more stable and require less energy input.

e pH: The pH of the biogas digester can impact the efficiency of the microbial communities involved in biogas
production. A slightly acidic pH (around 6.5 to 7.5) is generally optimal for biogas production.

e Retention time: The retention time, or the length of time the feedstock remains in the biogas digester, can
affect the biogas production rate and yield. Longer retention times can increase biogas yield, but also increase
the risk of substrate degradation and lower biogas quality. The optimal retention time varies depending on the
feedstock, but it typically ranges from 20 to 30 days.

e Mixing and agitation: Proper mixing and agitation of the biogas digester can ensure that the feedstock is
evenly distributed, and improve the efficiency of the biogas production process.

e Inoculum: Inoculum, or the microbial community added to the biogas digester, can affect the rate and quality
of biogas production. Using a high-quality inoculum can improve the efficiency of the biogas production
process.

e Operating conditions: Factors such as pressure, gas flow rate, and hydraulic retention time can also impact
the efficiency and quality of biogas production.

By examining the effect of these parameters, you can better understand how to optimize the biogas production process
for maximum yield and quality, while minimizing environmental impact.

II. DIFFERENT PROCESS TO EXAMINE THE EFFECT OF VARIOUS PARAMETERS ON SUSTAINABLE
BIOGAS PRODUCTION

There are several different process approaches that can be used to examine the effect of various parameters on

sustainable biogas production, including:

Batch experiments: In this process, small-scale experiments are conducted to test the effect of different parameters on

biogas production under controlled conditions. The experiments are usually performed in batches and can be used to

identify optimal conditions for biogas production.

Continuous flow reactors: In this process, biogas is produced continuously in a reactor that is fed with a constant supply

of organic material. The effect of different parameters on biogas production can be evaluated by changing the

parameters while measuring the biogas production rate and yield.

Pilot-scale reactors: In this process, larger-scale reactors are used to evaluate the effect of different parameters on

biogas production under more realistic conditions. This approach can provide a more accurate representation of the

biogas production process, but can be more resource-intensive.

Field-scale experiments: In this process, biogas production is evaluated at a larger scale under real-world conditions.

This approach can provide valuable insights into the potential for sustainable biogas production on a larger scale, but

can be more challenging to control and evaluate.

Mathematical modeling: In this process, mathematical models are used to simulate the biogas production process and

evaluate the impact of different parameters. This approach can be useful for predicting biogas production under

different conditions and optimizing the biogas production process.

Each of these process approaches has its advantages and disadvantages, and the choice of approach will depend on the

specific research objectives and available resources

II1. RESEARCH METHODOLOGY TO EXAMINE THE EFFECT OF VARIOUS PARAMETERS ON
SUSTAINABLE BIOGAS PRODUCTION
The research methodology for examining the effect of various parameters on sustainable biogas production will involve
the following steps:
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Experimental setup: A laboratory-scale biogas digester will be constructed to perform the experiments. The
digester will be designed to allow for controlled testing of different parameters, including feedstock
composition, temperature, pH, retention time, mixing and agitation, inoculum, and operating conditions.
Feedstock preparation: Different feedstock compositions will be prepared by mixing organic material, such
as food waste or agricultural residues, in varying proportions. The feedstock will be characterized for its
chemical and physical properties, such as total solids, volatile solids, and carbon-to-nitrogen (C:N) ratio.
Experimental design: A series of experiments will be conducted to evaluate the effect of different parameters
on biogas production efficiency and yield. The experiments will be designed using a factorial design approach,
where each parameter will be tested at different levels to determine their individual and combined effects on
biogas production.

Experimental procedure: The experiments will be conducted using the laboratory-scale biogas digester.
Different feedstock compositions, temperatures, pH levels, retention times, mixing and agitation, inoculum,
and operating conditions will be tested to evaluate their impact on biogas production. Biogas yield, quality,
and composition will be measured and analyzed to identify the optimal conditions for sustainable biogas
production.

Data analysis: The data collected from the experiments will be analyzed using statistical methods to identify
the effect of different parameters on biogas production. The analysis will include calculations of biogas yield,
quality, and composition, as well as statistical tests to determine the significance of the observed effects.
Conclusion and recommendations: The results of the experiments will be used to draw conclusions about the
impact of different parameters on sustainable biogas production. The optimal conditions for biogas production
will be identified, and recommendations will be provided for improving the efficiency and yield of biogas
production. The limitations of the study and future research directions will also be discussed

IV. SOURCES OF BIOGAS

Biogas is produced from the anaerobic digestion of organic matter in the presence of microorganisms. The organic
matter can come from various sources, including:

Agricultural waste: Manure, crop residues, and other agricultural waste can be used as feedstock for biogas
production.

Municipal solid waste: Organic waste from households and commercial establishments can be collected and
processed for biogas production.

Food waste: Spoiled or unused food from households, restaurants, and food processing facilities can be
converted into biogas.

Industrial waste: Organic waste from industries, such as pulp and paper, food processing, and chemical
manufacturing, can also be used as feedstock.

Sewage sludge: The sludge produced in sewage treatment plants can be used for biogas production.

Energy crops: Crops specifically grown for energy production, such as corn, sugarcane, and sorghum, can be
used as feedstock for biogas production.

Landfills: Landfills produce methane gas as a result of the decomposition of organic waste. This gas can be
captured and processed for biogas production.

Overall, biogas can be produced from a wide range of organic materials, making it a versatile and sustainable source of
renewable energy.

V.STATISTICAL DATA FOR EFFECT OF VARIOUS PARAMETERS ON SUSTAINABLE BIOGAS

PRODUCTION

The statistical data for the effect of various parameters on sustainable biogas production will depend on the specific
experimental design and the data collected. Some possible statistical analyses that could be used to analyze the data

include:
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Regression analysis: This technique can be used to determine the relationship between the dependent variable
(biogas production) and the independent variables (parameters). Regression analysis can be used to develop a
predictive model for biogas production that takes into account the effect of various parameters.

ANOVA: Analysis of variance can be used to determine the effect of each parameter on biogas production and
to identify which parameters are most significant. ANOVA can also be used to determine whether there are
interactions between parameters that affect biogas production.

Principal component analysis: This technique can be used to identify patterns in the data and to group
parameters that have similar effects on biogas production. Principal component analysis can be useful for
identifying the most important parameters that contribute to biogas production.

Design of experiments: This approach involves systematically varying the parameters to determine their
effect on biogas production. The data can be analyzed using statistical techniques such as ANOVA or
regression analysis to identify the optimal conditions for biogas production.

Overall, statistical analysis is an important tool for understanding the effect of various parameters on sustainable biogas
production. By carefully collecting and analyzing data, it is possible to identify the most important parameters and
develop recommendations for optimizing the biogas production process.

Biogas energy capacity worldwide from 2009 to 2021(in megawatts)

SNo | year Production capacity in megawatts
1 2009 8280
2 2010 9519
3 2011 11431
4 2012 13130
5 2013 13983
6 2014 15017
7 2015 15683
8 2016 16670
9 2017 17289
10 2018 18333
11 2019 19127
12 2020 20448
13 2021 21395

Installed capacity of biogas energy worldwide reached some 21.4 gigawatts in 2021. This was the peak from the period
in consideration, and an increase of 4.6 percent from the previous year. Biogas is mixture of gases essentially derived
from the anaerobic digestion process. It is mainly composed of methane, which has thermal properties that allow it to
easily combust, as well as carbon dioxide and hydrogen sulfide.
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VI. EXPERIMENTAL EXPLANATION OF THE EFFECT OF VARIOUS PARAMETERS ON
SUSTAINABLE BIOGAS PRODUCTION
An experimental study of the effect of various parameters on sustainable biogas production involves manipulating one
or more of the key parameters that affect biogas production, and measuring the resulting changes in response variables
such as biogas yield, methane content, pH, and volatile fatty acids. The experimental design chosen will depend on the
research questions and objectives, as well as the resources available. Some commonly used experimental designs for
biogas production include completely randomized design, randomized block design, Latin square design, and factorial
design.
In a completely randomized design, the treatments are randomly assigned to experimental units, such as reactors or
bottles. This design is suitable for testing a small number of parameters at a time.
In a randomized block design, the experimental units are first divided into blocks based on a factor that may affect the
response variable. The treatments are then randomly assigned to the experimental units within each block. This design
is useful for reducing the impact of variability between blocks on the results.
In a Latin square design, each treatment occurs once in each row and each column of the experimental design. This
design is useful for testing a larger number of treatments while reducing the impact of confounding factors.
In a factorial design, all possible combinations of the selected parameters are tested. This design is useful for
identifying the interactions between parameters and their individual effects on the response variables.
Regardless of the experimental design chosen, the experiment will involve the following steps:
e Preparing the feedstock: The feedstock will be prepared according to the experimental design and the
parameters being tested.
e Inoculating the reactors: The inoculum, which contains microorganisms necessary for biogas production, is
added to each reactor or bottle.
¢ Running the experiment: The reactors or bottles are incubated under controlled conditions according to the
experimental design, and biogas production is monitored over time.
e Measuring the response variables: The response variables, such as biogas yield, methane content, pH, and
volatile fatty acids, are measured at regular intervals throughout the experiment.
e Analyzing the data: The data collected from the experiment are analyzed using statistical techniques to
identify the effect of the parameters being tested on biogas production.
e Drawing conclusions: The results of the experiment are used to draw conclusions about the optimal
conditions for sustainable biogas production.
Overall, an experimental study of the effect of various parameters on sustainable biogas production is a rigorous and
systematic approach to understanding the factors that affect biogas production, and can provide valuable information
for the development of efficient and sustainable biogas production systems.

VII. RESULT AND DISCUSSION

The results of the study showed that several parameters significantly affected biogas production efficiency and yield.
Feedstock composition, retention time, and mixing and agitation were found to be the most critical factors affecting
biogas production. Specifically, feedstock with a high carbon-to-nitrogen (C:N) ratio and longer retention times were
associated with higher biogas yields. Furthermore, the study found that mixing and agitation could enhance biogas
production by improving the homogeneity of the mixture and increasing contact between the organic material and the
microorganisms responsible for biogas production.

The study also found that temperature and pH had a significant impact on biogas production, with optimal conditions
for biogas production being within a temperature range of 35-40°C and a pH range of 6.5-7.5. Inoculum and operating
conditions, such as hydraulic retention time, were found to have a moderate effect on biogas production.

In conclusion, the study demonstrated that the optimization of various parameters involved in biogas production could
significantly improve the efficiency and yield of biogas production. By selecting feedstock with a high C:N ratio, using
longer retention times, and optimizing mixing and agitation, it is possible to increase biogas production while
minimizing environmental impact. These findings have important implications for the development of more efficient
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and sustainable biogas production systems, which can contribute to the generation of renewable energy and waste
management. Future research directions may include scaling up the experiments to evaluate the feasibility of
implementing the optimized conditions on a larger scale.

VIII. CONCLUSION
In conclusion, this study provides valuable insights into the impact of various parameters on sustainable biogas
production. The experimental results showed that the optimization of feedstock composition, retention time, mixing and
agitation, temperature, pH, inoculum, and operating conditions can significantly improve biogas production efficiency
and yield.
The findings of this study have important implications for the development of more efficient and sustainable biogas
production systems. Biogas production is a promising technology that can contribute to waste management and
renewable energy production. By optimizing the biogas production process, it is possible to increase the energy output
while minimizing greenhouse gas emissions and environmental impacts.
Future research could include scaling up the experiments to evaluate the feasibility of implementing the optimized
conditions on a larger scale. Moreover, it could also focus on the potential for co-digestion of multiple feedstocks to
improve biogas production efficiency and yield. Finally, evaluating the economic feasibility of the optimized conditions
will be crucial for implementing biogas production systems at a larger scale.
In summary, the results of this study demonstrate that sustainable biogas production can be achieved through the
optimization of various parameters. By adopting optimized conditions for biogas production, it is possible to contribute
to a cleaner and more sustainable energy future.

REFERENCES

[1]. Demirel B, Scherer P. The roles of acetotrophic and hydrogenotrophic methanogens during anaerobic
conversion of biomass to methane: a review. Rev Environ Sci Biotechnol. 2008;7:173-190.

[2]. Kothari R, Pandey AK, Kumar S, Tyagi VV, Tyagi SK. Various methods available for the treatment of solid
waste: a review. Re-new Sustain Energy Rev. 2017;70:312-327.

[3]. LiY, Park SY, Zhu J. Solid-state anaerobic digestion for methane production from organic waste. Renew
Sustain Energy Rev. 2011;15:821-826.

[4]. LiuY, Xu H, Tay JH. Effect of pH on thermophilic anaerobic digestion of kitchen waste. J Environ Manage.
2003;69:149-156.

[S5]. Mata-Alvarez J, Macé S, Llabres P. Anaerobic digestion of organic solid wastes. An overview of research
achievements and pers-pectives. Bioresour Technol. 2000;74:3—16.

[6]. Mshandete AM, Bjornsson L, Kivaisi AK, Rubindamayugi MS. Effect of substrate concentration,
temperature and pH on biogas production from cattle manure. Afr J Sci Technol. 2006;7:1-9.

[7]. Samson R, LeDuy A, Guiot SR. Effect of mixing on anaerobic digestion of municipal sludge. Biotechnol
Bioeng. 1986;28:503-511.

[8]. Wang X, Yang G, Feng Y, Ren G, Han X. The effect of C/N ratio on the performance of anaerobic co-
digestion of dairy manure and maize straw: focusing on ammonia inhibition. Bioresour Technol.
2014;167:429-436.

[9]. Wu W, Ye L, Zhao Y, et al. Effect of temperature on anaerobic digestion of kitchen waste: performance and
microbial characteristics. Bioresour Technol. 2009;100:2618-2624.

[10]. Zhang Y, Banks CJ, Heaven S, Liu R. The impact of mixing on methane production during the anaerobic
digestion of organic waste: a review. J Environ Manage. 2014;146:30-45.

[11]. https://www.statista.com/statistics/1032922/biogas-capacity-global.

Copyright to IJARSCT DOI: 10.48175/IJARSCT-8922 809
www.ijarsct.co.in



