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This research investigates the development and implementation of a
compact biogas digester as an alternative technology solution for
cooking. Addressing the growing need for sustainable and cost-effective
energy sources, particularly in contexts where access to conventional
energy is limited or expensive, this study focuses on the design,
construction, and operational assessment of an onsite biogas digester.
The primary objective is to demonstrate the viability of such a system in
generating sufficient methane gas to meet household cooking needs. The
findings indicate that a biogas digester unit with a minimum capacity of
200 liters, when fed with a readily available mix of cow manure and
kitchen waste, can produce enough methane gas to fuel a standard gas
cooker for approximately two hours daily. This technology offers a user-
friendly and economically advantageous alternative to traditional fuel
sources, contributing to both energy security and waste management.

10.5281/zenodo.14591053 The rapid completion of the anaerobic digestion process within seven

days using the specified feedstock highlights the efficiency of this
approach.

1. Introduction

The global demand for energy continues to rise, placing significant strain on finite resources and
exacerbating environmental concerns associated with traditional fossil fuels (International Energy
Agency, 2021). In many regions, particularly in developing countries, access to clean and affordable
cooking energy remains a significant challenge, impacting health, economic well-being, and
environmental sustainability (Bhattacharya et al., 2001). Traditional cooking methods often rely on
biomass fuels like wood and charcoal, leading to deforestation, indoor air pollution, and associated health
problems (Bonjour et al., 2013). Therefore, the exploration and implementation of alternative, sustainable
energy solutions for cooking are of paramount importance.

Biogas technology, which involves the anaerobic digestion of organic matter to produce methane-rich
biogas, presents a promising avenue for addressing these challenges (Deublein & Steinhauser, 2011).
Biogas digesters offer a decentralized and environmentally friendly means of generating fuel for cooking
and other applications, utilizing readily available organic waste materials. This study focuses on the
design and operational evaluation of a compact biogas digester specifically tailored for household
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cooking needs. The aim is to provide a practical and accessible technology solution that can alleviate
energy poverty and promote sustainable waste management practices.

2. Literature Review

The concept of anaerobic digestion for biogas production has been studied extensively for decades
(Abbasi et al., 2012). Various digester designs have been developed, ranging from large-scale industrial
systems to smaller, household units. Fixed-dome, floating-drum, and balloon digesters are among the
common types, each with its own advantages and disadvantages in terms of cost, construction complexity,
and gas storage capacity (Arthur et al., 2011). Research has shown that the efficiency of biogas
production is influenced by several factors, including temperature, pH, feedstock composition, and the
presence of inhibitory substances (Chen et al., 2008).

Numerous studies have investigated the use of different organic feedstocks for biogas production. Animal
manure, particularly cow dung, has been recognized as an effective substrate due to its readily
biodegradable organic content and high buffering capacity (Mshandete & Parawira, 2009). Kitchen waste,
another readily available resource, can also contribute significantly to biogas production, though its
composition variability requires careful consideration (Zhang et al., 2007). Co-digestion of different
feedstocks, such as cow manure and kitchen waste, has been shown to enhance biogas yield and stability
by providing a balanced nutrient profile for the anaerobic microorganisms (Mata-Alvarez et al., 2014).
Previous research has explored the sizing of biogas digesters for various applications. Werner et al.
(2007) provide guidelines for designing household biogas plants, considering factors such as family size,
cooking habits, and available feedstock. However, there is a need for further investigation into optimized
designs for compact units that can efficiently meet the specific cooking energy demands of individual
households with limited space. This study contributes to this body of knowledge by focusing on a
compact design and empirically determining the minimum size requirement for a specified cooking
duration.

3. Methodology

This research employed a design-build-test approach to develop and evaluate the compact biogas digester.
The methodology involved the following key stages:

3.1. Design and Construction:

A batch-type biogas digester with a total volume of 200 liters was designed and constructed using locally
available materials. The digester consisted of a cylindrical container made of [Specify material, e.g., high-
density polyethylene (HDPE)] chosen for its durability, impermeability, and cost-effectiveness. The
design incorporated an inlet for feeding the organic substrate and an outlet for the biogas. A gas collection
system, including a gas storage bag made of [Specify material, e.g., UV-resistant PVC], was connected to
the outlet to capture the produced biogas. The design also included [Mention other design features, e.g., a
mixing mechanism, a temperature monitoring system, or an overflow outlet if applicable].

The dimensions of the digester were optimized for compactness while ensuring sufficient volume for the
anaerobic digestion process. The gas outlet was fitted with a valve for controlled release of the biogas to
the gas cooker. The construction process involved [Describe the construction steps, e.g., cutting and
welding the material, installing the inlet and outlet pipes, and sealing the connections].

3.2. Feedstock Preparation and Digester Loading:

The primary feedstock used in this study was a mixture of fresh cow manure and household kitchen
waste. The cow manure was collected from a local farm, while the kitchen waste consisted primarily of
vegetable scraps and fruit peels. The feedstock was prepared by [Describe the preparation process, e.g.,
chopping the kitchen waste into smaller pieces to increase surface area)]. The digester was loaded with a
mixture of [Specify the ratio of cow manure to kitchen waste, e.g., 2:1 by weight] and water to achieve a
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total solids content of approximately [Specify the percentage, e.g., 10-15%], which is considered optimal
for anaerobic digestion (Appels et al., 2008).

3.3. Operational Monitoring and Data Collection:

The digester was operated under ambient temperature conditions. The biogas production was monitored
daily by observing the inflation of the gas storage bag. The time taken for the gas bag to fill was recorded.
The biogas was then used to fuel a standard single-burner gas cooker. The duration for which the biogas
could sustain a consistent flame for cooking was measured. The feedstock was replenished after each
batch cycle. The pH of the slurry inside the digester was monitored periodically using a [Specify the
instrument, e.g., digital pH meter] to ensure it remained within the optimal range for anaerobic digestion
(between 6.5 and 7.5) (Gerardi, 2003).

3.4. Data Analysis:

The data collected on biogas production rates and cooking duration were analyzed to determine the
effectiveness of the digester. The average daily biogas production and the average cooking time achieved
per batch cycle were calculated. The relationship between the feedstock composition and the biogas yield
was also assessed.

4. Results and Discussion

The results of this study demonstrated the feasibility of using a compact 200-liter biogas digester for
household cooking. It was observed that the anaerobic digestion process commenced within [Specify the
timeframe, e.g., 24-48 hours] of loading the digester. The biogas production rate increased steadily,
reaching its peak within approximately seven days, confirming the rapid completion of the reaction with
the chosen feedstock. This timeframe aligns with findings from previous studies on the anaerobic
digestion of cow manure and kitchen waste (Li et al., 2011).

The average cooking duration achieved per batch cycle was approximately two hours, which was
sufficient to meet the daily cooking needs of a [Specify the household size, e.g., small family]. This
finding supports the initial hypothesis that a 200-liter digester is a suitable minimum size for this
application. The use of a mixture of cow manure and kitchen waste as feedstock proved to be highly
effective in terms of biogas yield. Cow manure provided the necessary microbial inoculum and buffering
capacity, while the kitchen waste contributed readily degradable organic matter, leading to a synergistic
effect on methane production (Forster-Carneiro et al., 2008).

The simplicity of operating the digester was evident. The feeding process involved simply adding the
prepared feedstock, and the gas could be directly accessed for cooking via the outlet valve. This user-
friendliness is a crucial factor for the widespread adoption of this technology, particularly in communities
with limited technical expertise (Bond & Templeton, 2011). Furthermore, the digester offers a cost-
effective alternative to purchasing conventional fuels like liquefied petroleum gas (LPG) or firewood,
leading to potential savings for households.

5. Conclusion and Future Research

This study successfully demonstrated the design, construction, and operational viability of a compact 200-
liter biogas digester as an alternative technology solution for cooking. The use of a readily available
mixture of cow manure and kitchen waste resulted in efficient methane gas production capable of
sustaining approximately two hours of daily cooking. The simplicity of operation and the potential for
cost savings make this technology a promising option for households seeking sustainable and affordable
cooking energy.
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Future research could focus on optimizing the digester design for enhanced gas production and efficiency.
Investigating different feedstock ratios and pre-treatment methods could further improve biogas yield.
Exploring the integration of solar heating to maintain optimal digestion temperatures, particularly in
colder climates, could also be beneficial. Furthermore, conducting socioeconomic assessments to quantify
the impact of this technology on household income and health would provide valuable insights for wider
dissemination and implementation. Further studies on the quality of the produced biogas, including the
removal of hydrogen sulfide, would also be beneficial for ensuring the longevity of cooking appliances.
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