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Abstract

In addition to solving the problems associated with agricultural waste management, the creation of biogas
from agricultural waste provides an environmentally responsible and sustainable way to meet the Nigeria
energy needs. The goal of this study is to produce and assess the composition of biogas from a specific set of
agricultural waste, such as food scraps and animal manure, that comes from agricultural production and
processing operations. Using a 30-liter plastic digester, the agricultural waste was anaerobically digested
without oxygen to produce the biogas. A portable gas meter was used in the lab to test the biogas produced by
the anaerobic digestion process, and statistical analysis was performed on the experimental data generated.
These were the findings of the compositional analysis: 25.15% carbon dioxide (CO3), 1.95% carbon monoxide
(CO), 69.25% methane (CH,4), 1.05% hydrogen sulphide (H,S), 2.35% water vapor (H,0), and other gases
presentas 0.25%. With a good yield of methane content, the analysis's conclusion shows that used agricultural
waste is a viable feedstock for the production of renewable energy.
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1. INTRODUCTION

In a world where pollution and the effects of climate change are felt on a daily basis, it is critical to assess the
situation and look for potential ways to lessen these effects. This is where waste management comes into play,
posing a worldwide problem due to its direct effects on the environment and public health. In order to
maintain a sustainable balance for future generations, proper waste management will lessen pollution,
preserve natural resources, and slow down global warming [1-4]. Raising awareness of how people manage
solid waste both individually and collectively and what can be done to reduce, recycle, and reuse it in our daily
lives is a critical first step [5-7]. An estimated 2.24 billion tons of solid waste are produced annually by humans,
whether from residences, workplaces, industries, institutions, or public areas; 931 million tons of this waste
is food waste alone, which usually ends up in rivers and oceans, with only 55% of it being processed in
controlled facilities [8-10]. Urban solid waste generation is predicted to increase from roughly 2.3 billion tons
in 2023 to 3.8 billion tons by 2050, according to data from the United Nations Environment Program's Global
Waste Management Outlook 2024 report [9]. In light of the aforementioned factors, as well as the energy crisis,

ineffective waste management, and climate change, biogas has emerged as a viable and effective substitute [7,
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11]. Because the production of biogas from organic waste offers a multifaceted approach to addressing global
waste management challenges and the transition toward a more sustainable energy model, this renewable gas,
which is produced by the anaerobic digestion of organic matter in the absence of oxygen [12-18], not only
helps to reduce waste and polluting emissions but also represents a significant opportunity for economic and
technological development in strategic sectors, such as agriculture and forestry [19-25]. The forestry and
agricultural industries are thought to produce over 1.3 billion tons of solid organic waste a year [23, 24], which
makes effective public policies and lower initial implementation costs even more important. In addition to
reducing the environmental impact, turning this biomass into biogas and biofertilizers maximizes resource
utilization, enhancing biodiversity and soil quality through more sustainable farming methods [25-30].

Biogas is a flammable gas that is created when organic materials, such as manure, agricultural waste, and
industrial effluents, undergo biological fermentation in an anaerobic (oxygen-deficient) environment. This
process produces methane, carbon dioxide, and trace amounts of hydrogen sulfide [31-35]. Methane and
carbon dioxide are byproducts of the breakdown of complex organic compounds by bacteria and archaea
during digestion. Biogas is a valuable renewable energy source since its main component, methane, is highly
flammable [36-40]. One viable path toward sustainable energy solutions and effective waste management
practices is the creation of biogas from animal waste and biodegradable trash [41-44]. Methane (CH4) and CO2
make up the majority of biogas, a renewable energy source with enormous potential for use. Because of its
adaptability, it can be used to inject natural gas into networks, heat buildings, power automobiles, and even
generate electricity [45-47]. Anaerobic digestion, raw material collection and pretreatment, and the
separation of digestate, a nutrient-rich by-product that can be utilized as organic fertilizer, and biogas are
some of the steps involved in its production. Because of their potential to lessen reliance on fossil fuels and
combat climate change, these processes have drawn increasing attention from the scientific community and
the energy industry [48-50]. There are still issues with its widespread application, though. The economic and
environmental feasibility of biogas in comparison to other renewable energy sources can be influenced by
various factors, including the anaerobic digestion process's efficiency, the waste's variability, and operational
circumstances [51-55]. Analyzing the present obstacles to its advancement and identifying creative solutions
that promote its uptake are therefore crucial.

In the end, the generation of biogas not only converts trash into a clean energy source but also plays a
significant role in combating climate change and promoting the circular economy [56]. Biogas is becoming a
crucial component in the shift to a more resilient, accessible, and ecologically conscious future because of its
capacity to convert environmental issues into long-term solutions. Organic waste from a variety of industries,
including forestry, agriculture, and livestock, can be converted into biogas, a renewable gas. Generally
speaking, this biofuel, which is used globally as an energy source for both industrial and home reasons, can be
produced anywhere there is decomposing organic waste [57]. The two primary methods for producing this
gas are thermochemical conversion, which changes biomass by applying high temperatures, and anaerobic
digestion, which is the biological breakdown of organic matter without oxygen. The primary distinction
between the two processes is the kind of biomass they use: thermochemical conversion is focused on using
forest biomass, such as wood and other dry lignocellulosic waste, whereas anaerobic digestion is primarily
used for agricultural and livestock waste, which is moist and readily biodegradable [58-60]. In contrast to the
usage of fossil fuels like coal and oil [61-64], these alternative procedures are sustainable. It should be
mentioned in this connection that the gas generated in thermochemical conversion may also be referred to as
wood gas or pyrolysis gas, depending on national nomenclature. This is significant since biogas is only defined
as an anaerobic digestion product in some legal systems. Additionally, several researchers have tried using the
biogas technology. [65] investigated the developments in anaerobic digestion for effective biogas generation
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and suggested that using the technique to convert organic matter especially animal waste is an effective way
to produce renewable biogas. Methane emissions from decaying trash are caught and transformed into a useful
energy source by using an anaerobic digester. Temperature, pH, retention duration, and substrate composition
are some of the variables that affect the efficiency of biogas generation [66-70].

The type and proportion of organic matter in animal waste significantly impact biogas yield and composition,
with higher organic content generally leading to increased methane production [71-73]. The production of
biogas from animal waste does not only offers an environmentally friendly alternative to fossil fuels but also
addresses the pressing issue of organic waste management in agricultural settings. Additionally, [74]
discussed the dual role of biogas in renewable energy production and waste management in agricultural
systems which clearly placed emphasis on the development of innovative storage solutions to ensure the
reliable supply and utilization of biogas produced, thereby enhancing its viability as a renewable energy source
and also to contribute to the advancement of sustainable energy practices and to promote the adoption of
biogas technology in agricultural communities. Using biogas for cooking and lighting decreases the pressure
on the environment by minimizing the usage of biomass and the creation of greenhouse gases (as methane
that is produced regularly from manure is now trapped and used). The chemical makeup of biogas and the
physical properties that emerge from it are used to define it. Methane (CH4) and inert carbonic gas (CO2) make
up the majority of its composition. Biogas and fertilizer-grade slurry are the end products of anaerobic
digestion. About 55-60% methane, 25-45% carbon dioxide, 0.1% oxygen, 0.1% carbon monoxide, 1-10%
hydrogen, 1-3% nitrogen, and trace amounts of hydrogen sulfide are all present in biogas. The vast majority
of Nigerians living in rural regions rely on firewood for cooking and lighting as they lack access to gas or
electricity.

Nigeria is extremely fortunate to have access to a wide range of energy resources, both traditional and
unconventional. As of 2005, it was projected that there were 61,000,000 tons of reserves for animal waste
alone, which is a potential source for the production of biogas, and 83,000,000 tons of reserves for crop residue
annually [75]. According to estimates, Nigeria may produce more than 17 billion cubic meters of biogas a year,
which would cover a significant amount of its energy requirements [76]. Disease and pollution issues have
been brought about by the current agricultural waste disposal system. The removal and management of
deforestation would be aided by the increased search for alternative energy sources, such as biogas produced
from waste materials. The installation of biogas facilities would significantly reduce these issues and
contribute to environmental preservation. It is impossible to overstate the significance of biogas as a substitute
energy source. It is a more affordable, sustainable, and ecologically friendly energy source. Therefore, the
purpose of this study is to use anaerobic digestion to produce and assess biogas from cow manure and food
leftovers.

2. METHODOLOGY
This section covered the strategies and resources employed to get the intended result.
2.1 Materials

Pig manure, water, a 30-liter plastic digester, gas collection equipment, shovels, and hand gloves are among
the supplies used.

2.2 Sample Collection
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The leftover food was gathered from Mama D eateries in Oghara, which is situated in the Ethiope West local
government region of Delta State, Nigeria, while the fresh pig manure was gathered from a nearby pig farm in
Jesse. The pig manure was scooped up with a shovel and placed in a sanitized plastic container.

2.3 Preparation of Digestate

According to [57], ten kilograms (10 kg) of the food scraps were appropriately shred to lower particle sizes
since they accelerated decomposition and, consequently, biogas output. As advised by [30], 10 kilograms of
food waste and 5 kg of pig dung were combined, and water was then added as needed to maintain a moderate
water content level and to create the ideal slurry for the production of biogas. As recommended by [12, 43],
the water and waste were mixed in a 1:2 ratio in a plastic container to create a slurry before being put into the
digester.

2.4 Charging of Digester

The goal of the experimental setup, as depicted in Fig. 1, was to increase the generation of biogas by co-
digesting food scraps and pig manure. A mesophilic temperature range of 25 to 37 degrees Celsius was used
to co-digest the mixed substrates. Because psychrophilic and thermophilic bacteria undertake slower
anaerobic digestion than mesophilic bacteria, the mesophilic temperature range is recommended in this
investigation [67]. Additionally, the low process temperature makes it challenging to sustain anaerobic
digestion facilities under psychrophilic temperature conditions. Moreover, it is well known that thermophilic
bacteria are extremely sensitive to disruptions, necessitating expensive process control and monitoring [67].
As more methanogenic bacteria are operating on the substrate, the ideal mesophilic temperature often results
in shorter HRT (greater biogas production) [35, 53]. The batch reactor was a digester constructed from a 30-
liter plastic bottle. A water collector and displacement bottle were attached to the digesters. The reactors and
the displacement bottles were connected by rubber tubes. The reactors were manually supplied with 15 kg of
substrates and water at a 1:2 ratio. The composition of the gases in the generated biogas was assessed.

2.5 Determination of Biogas Percentage Composition
A laboratory portable gas meter was used to determine the following compositions of the biogas generated

from pig dung that was co-digested with leftover food: There are various gaseous components present,
including methane, carbon dioxide, carbon monoxide, water vapor, and hydrogen sulphide.
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Fig. 2 Experimental setup [42]

3. RESULTS AND DISCUSSION

After 38 days of hydraulic retention, a cumulative biogas yield volume of 0.51 m3 was achieved. The results
showed that the temperature variations were 36.01+2 °C and the pH range was 68.45+25 m. According to the
temperature's effects on biogas yield, mesophilic temperatures of 36.018°C produced the highest biogas yield,
which was consistent with study by [59]. According to reference [16], at greater mesophilic temperatures, the
HRT is shortened and the rate of biogas evacuation is higher. Additionally, a mesophilic temperature range of
36 to 38 °C can produce the highest biogas yield. On the other hand, a lower mesophilic temperature may
lengthen the HRT and result in a lower biogas output. Table 1 displays the findings of the compositional
analysis of the biogas made from leftover food and pig manure.

Table 1. Compositional analysis of the biogas produced from pig dung and food leftover

S/N | Substrates (kg) pH (m) | Temp. (°C) | Biogas Composition | Percentage Composition
(%)

1 Pig Dung + Food Waste | 6.85%2 | 36.01£2 Methane 69.25

2 Pig Dung + Food Waste | 6.85+2 | 36.01+2 Carbon (IV) oxide 25.15

3 Pig Dung + Food Waste | 6.85+2 | 36.01+2 Carbon (II) oxide 1.95

4 Pig Dung + Food Waste | 6.85+2 | 36.01+2 Hydrogen sulphide | 1.05

5 Pig Dung + Food Waste | 6.85+2 | 36.01+2 Water vapour 2.35

6 Pig Dung + Food Waste | 6.85+2 | 36.012 Other gases 0.25
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The biogas generated from cow dung has a methane content of 69.25% (Table 1). This figure falls between 50
and 70 percent of what [13, 25, 33, 41] previously reported. Evaluating the energy efficiency of biogas is one
of the main goals of its composition analysis. The calorific value and energy yield of biogas are determined by
methane, the primary energy component. Designing effective biogas-powered devices, such as burners and
generators, requires a higher methane concentration since it results in increased energy output. The biogas is
valuable for energy generation in applications including heating, cooking, and electricity generation due to its
methane content of 69.25. According to Table 1, the biogas generated included 1.05 percent hydrogen sulfide.
Hydrogen sulfide is extremely corrosive and poisonous. It is detrimental to equipment and human health even
at low doses. Gas cylinders and other infrastructure are harmed by its corrosive properties. H,S must be
removed by desulfurization procedures (e.g., using iron oxide filters or activated carbon) because of its toxicity
and unpleasant odor. The gas is safer and better suited for producing energy once H,S is eliminated. As shown
in Table 1, the biogas's carbon monoxide level was 1.95 percent. Even at low concentrations, carbon monoxide
is a poisonous gas that can be extremely harmful to one's health. Incomplete reduction or combustion
processes during the biogas generation process are indicated by its presence in the gas sample. It has no effect
on the biogas's energy value. The results of the compositional analysis of the biogas made from the substrates
show that the carbon dioxide content was 27.15% (Table 1), which is less than the 30-40% range that [41]
had previously reported. Given the quantity of carbon dioxide present, the biogas is likely a normal byproduct
of anaerobic digestion. It must be eliminated or reduced in order to improve the purity of methane because it
adds nothing to the gas's energy worth. It would be necessary to remove the carbon dioxide (CO2) from this
gas sample using techniques like chemical absorption, pressure swing adsorption, or water washing in order
to make it fit for high-efficiency use (such as in compressed natural gas [CNG] engines).

Furthermore, [44, 47, 70] states that the main components of biogas are carbon dioxide (25-50%) and
methane (50-75%), with variable proportions of other gases such as hydrogen, hydrogen sulphide, and
nitrogen (0-8%). The particular composition varies according to the anaerobic digestion process conditions
and the supply of organic material (e.g., sewage, food waste, or manure). Water vapor, ammonia, and volatile
organic molecules are examples of impurities, while hydrogen sulfide (H,S) is a frequent trace impurity that
is harmful and corrosive.

4. CONCLUSION

The production of biogas from organic agriculture and forestry waste is a strategic and multidimensional way
to address the economic, social, and environmental issues of the twenty-first century. In addition to meeting
the pressing need to slow down climate change, this strategy supports inclusive rural development, ecological
regeneration, and the circular economy. Biogas is positioned in this context as a tangible instrument for
reconsidering how humans interact with garbage and turning environmental liabilities into social and energy
assets. More than just an energy alternative, incorporating this technology into public policies and sustainable
development goals offers a genuine chance to create decentralized, resilient, and fair systems. Agroforestry
leftovers are converted into biogas, which lowers greenhouse gas emissions, restores vital nutrients for
farming, and directly boosts the local economy in rural areas. A number of Sustainable Development Goals,
such as those pertaining to affordable and clean energy (SDG 7), climate action (SDG 13), responsible
production and consumption (SDG 12), decent work and economic growth (SDG 8), and others, can also be
greatly aided by its implementation. With methane making up the majority of the gas mixture, the study's
analysis of the composition of biogas demonstrates the successful production of biogas from animal waste and
validates the potential of animal waste as a sustainable feedstock for biogas generation. Biogas produced by
anaerobic digestion is characterized by a high concentration of carbon dioxide and lower concentrations of
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hydrogen sulfide, carbon monoxide, and oxygen. Although methane is the main source of energy, the presence
of contaminants such as CO, and H,S suggests that additional purification is required to improve the biogas's
quality and utility.
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