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Abstract

With increasing concerns over fossil fuel depletion and environmental pollution, research into alternative energy sources
has gained significant momentum. Organic wastes, particularly from animals and food, offer a promising substrate for
biogas production, providing dual benefits of energy generation and waste reduction. This study evaluates the suitability
of food waste, cow regurgitates, and cow dung for biogas production through biodigestion. The objectives were to design
a lab-scale biodigester, compare biomethane yields from each waste, and evaluate their effectiveness as fertilizers. The
results indicate that all three samples have properties within the acceptable range for digestion. Food waste exhibited the
highest methane yield with a daily biogas production of 0.4979 m3/day, corresponding to an energy content of 27,699.45
KJ/day. Cow regurgitates produced 0.2656 m3/day of biogas, yielding an energy content of 14,739.6 KJ/day. Cow dung
yielded 0.3213 m?3/day of biogas, translating to an energy content of 17,723.65 KJ/day. Microbial analysis indicated the
presence of beneficial bacteria and fungi, such as Staphylococcus spp, Proteus vulgaris, Escherichia coli, Enterobacter
aerogens, Aspergillus spp, and Mucor spp, which are advantageous for soil conditioning and nutrient cycling. The study
highlights the importance of assessing physicochemical properties, nutrient content, and microbial composition to optimise
biogas production and explore the potential of organic waste as a sustainable energy source and soil conditioner.
Keywords: Biogas production, Organic waste, Animal and food waste, soil conditioning, Biomethane yield.
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1.0 INTRODUCTION

The escalating environmental concerns
associated with food waste and cow dung require urgent
attention due to their profound impact on the
environment and human health. Food waste significantly
contributes to greenhouse gas emissions, while cow dung
is a prominent source of surface water pollution and
eutrophication (DeMartini, 2017; Li et al., 2021).
Effective strategies are needed to mitigate these adverse
effects, including source reduction of food waste,
composting practices, and best management techniques
for cow dung. Implementing these measures reduces
greenhouse gas emissions, safeguards water quality, and
enhances soil health, fostering a more sustainable future.

However, the quantity of food losses and waste has
surged, driven by the rapid expansion of the global
economy and population (Sheahan et al., 2017; Grote et
al., 2020). According to the Food and Agriculture
Organization (FAO, 2013), approximately 33.3% of the
food produced globally for human consumption—
equivalent to 1.6 gigatons annually and valued at $750
billion—is lost or wasted throughout the food supply
chain. This wastage inefficiently utilizes limited
resources, exacerbating environmental degradation
(Seberini, 2020; Barrera and Hertel, 2021). Urgent
actions are required to address these challenges, develop
sustainable practices, and meet the growing demands for
food production while minimising the detrimental effects
of food waste and cow dung on the environment.
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Food waste is pervasive across the food supply
chain, leading to significant losses in developed and
developing countries (Sheahan et al., 2017; Mokrane et
al., 2023). This waste contributes to greenhouse gas
emissions, particularly methane and carbon dioxide
released during landfill disposal, exacerbating global
warming (Pucker et al., 2013; Gautam and Agrawal,
2021; Chen et al.,, 2023). Furthermore, food waste
disrupts vital biogenic cycles, such as phosphorus and
nitrogen, essential for agricultural fertilisation (Jama-
Rodzenska et al., 2021; Sutton et al., 2022). Anaerobic
digestion (AD) has emerged as a promising technology
for treating food waste and organic wastes, breaking
down organic matter into biogas, predominantly
composed of methane and carbon dioxide, with the
potential for renewable energy and reduced emissions
(Ma and Liu, 2019; Hoang et al., 2022). Anaerobic
digestion holds significant potential in mitigating
environmental impacts and offers a sustainable solution
for energy recovery.

Despite its benefits, such as decreased
greenhouse gas emissions and the production of valuable
digestate for agricultural applications, the widespread
implementation of anaerobic digestion faces challenges
including high capital costs, extended retention times,
and the need for precise control of operational
parameters (Wang et al., 2023). Nevertheless, AD holds
great promise for energy recovery from organic wastes
in Nigeria, including food waste, cow dung, and cow
regurgitates. Biogas production from organic waste has
gained significant attention due to its efficiency in
mitigating greenhouse gas emissions (Atelge et al., 2020;
Perin et al., 2020; Shamurad et al., 2020; Obileke et al.,
2022). In Nigeria, abundant organic wastes can be
utilised as substrates for biogas production, with cow
dung showing an average methane composition of 50%
and co-digestion of food waste with cow dung enhancing
methane yield and quality (Awasthi et al., 2018; Obileke
et al., 2022).

Exploring the use of cow regurgitates as a
substrate for biogas production is a relatively new
research area with the potential to improve process
efficiency. Harnessing the energy potential of food
waste, cow regurgitates, and cow dung offers numerous
advantages, including the mitigation of greenhouse gas
emissions, reduced dependence on fossil fuels, and the
potential for job creation and cost savings in waste
disposal (Schmidt and Mohr, 2018; USEPA, 2021). This

work uses food waste, cow dung, and cow regurgitates
as renewable energy sources. The objectives are to
design a lab-scale biodigester, compare biomethane
yields from each waste, and evaluate their effectiveness
as energy sources and fertilizers.

2.0 MATERIALS AND METHODS
2.1 Sample Collection

Fresh food waste (comprising mainly
carbohydrates and proteins), cattle dung, and cattle
regurgitation were collected for the study. The food
waste was collected from Tutu's canteen on PTI Road,
while the fresh cattle dung and regurgitation were
collected from the major abattoir in the Osubi
metropolis. The waste materials were hand-picked and
kept in black synthetic polymers before they were
transported to the laboratory for further preparation. To
achieve a uniform size of particles measuring
approximately 5 mm, the food waste underwent
homogenization for 1 minute using a kitchen blender.
The food waste, cow dung, and cow regurgitation were
each weighed using a manual measuring scale to obtain
8 kg of each waste substrate.

2.2 Preparation of Digester

In this experiment, a 20-litre Polyethylene
Terephthalate (PET) container was used as the digester.
Three sets of 20-litre PET digesters were used, with each
digester labelled according to the substrate it contained.
The three samples were grouped as follows: Sample A
contained food wastes, Sample B contained cow
regurgitates, and Sample C contained cow dung.

To allow gas flow from the digester to the
storage chamber, hoses were provided. The digester was
covered with black synthetic polymers to prevent algae
growth in the presence of light. The setup used in this
experiment was a batch digester, and each digester was
completely sealed with adhesives to close leakages.
Delivery tubes were also connected to the digesters to
transport the gas from the biodigester tank to the gas
receiver.

The digesters were allowed to undergo
anaerobic digestion for a retention period of 30 days,
operating at a temperature between 28 -30°C. See Figure
1 below for a visual representation of the black synthetic
polymer covering used in this experiment.
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Figure 1: Experimental biodigester setup

2.3 Preparation of Slurry

Different slurries were formed from the
weighed samples using an electronic blender to aid the
decomposition of the feedstock. Each 8 kg of the blended
food wastes, cow dung, and cow dung were mixed
thoroughly with 8 liters of water (1:1) in a 20L plastic
bucket and mixed properly to obtain a homogeneous
mixture before feeding into the biodigester to about 70%
of the biodigester capacity. The water was added to dilute
the organic substances and to increase the breeding of
microorganisms (Prakash and Singh, 2013).

2.4 Physicochemical Analysis
The following parameters were checked for the fresh
slurry and the digested slurry.

2.4.1 Determination of pH and Temperature in
Sample

The pH and temperature of the sample were
determined using an electrometric method (APHA 4500-
H+ B). The electrode of the pH meter was rinsed
copiously with distilled water. The equipment was
calibrated with different buffers (Buffer 7.0, 4.0, and
11.0). About 100 ml of the substrate was poured into a
clean 100-mL capacity beaker, and the electrode end of
the meter was inserted into the sample. The READ

button was pressed and the pH reading was recorded
when the value stabilized. The MODE of the meter was
then switched to Temperature, and the value was
recorded. This method was repeated in triplicates.

2.5 Analysis of the Digestate
2.5.2 Procedure of Total Nitrogen (NHs-N) using
regular Macro-Kjeldahl method

Total nitrogen was determined using the Macro-
Kjeldahl method (APHA, 2017). The sample (5 g) was
mixed with distilled water (20 mL) in a 500 mL Macro
Kjeldahl flask, and 1 g of K;SO4-HgO and 10 g of K;SO4
were added, followed by 30 mL of concentrated H,SOa.
The mixture was digested for 5 hours on a digesting
stand. After cooling, the digested sample was transferred
to a clean Macro Kjeldahl flask (750 mL), retaining all
sand particles in the original digestion flask. The
distillate was collected, and the NH4-N was determined
by titration with 0.01N standard HCI (or H2SQ.) using a
25 mL burette. The percentage of Nitrogen (% N) in the
sample was calculated.

2.5.3 Determination of Moisture Content

Moisture content was determined for the sample
by the gravimetric method (APHA, 2017). The sample
was spread evenly in a pan and weighed as Wt. of Wet
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Sample (A). The pan was heated in an oven at 110°C *
5°C until the sample achieved a fixed weight. Weights
were taken every hour until two successive weights were
the same, confirming the drying process. The weight of
the water removed (D) was calculated, and the weight of
the dry sample (E) was obtained. The moisture content
of the sample was then calculated using the formula:

(Weight of Water

Moisture Content (%) = (m

Yx 100%

2.5.4 Total Solids Determination

The total solids (TS %) were determined by
weighing approximately 10 g of the sample and pouring
it into a foil plate. The sample was then dried to a
constant weight at about 105°C in a furnace. The TS %
was calculated using the formula:

TS % = (Final weight/Initial weight) x 100

2.5.5 Volatile Solids Determination
The volatile solids (VS %) were determined by weighing
the dried residue from.

2.6 Analysis of Carbon Dioxide, Nitrogen and
Methane Gas Generated in the Biodigester

The analysis of carbon dioxide, nitrogen, and
methane gas was carried out, and after a period, specific
equipment was used to measure the concentrations of
methane gas and total nitrogen. The methane gas,

nitrogen, and carbon dioxide concentrations were
analysed through a gas chromatograph that incorporated
a flame ionization detector manufactured by Hewlett
Packard's HP 68050 series. On the other hand,
photometric kits produced by Merck in the USA were
employed to measure the total nitrogen levels. These
analytical techniques were crucial in determining the
precise concentrations of the gases under investigation.

2.7 Biogas Production and Energy Calculation from
Different Feedstocks

Electricity generation from biogas is a multi-
faceted process that hinges on harnessing the methane
gas produced through the biogas production system. To
assess the potential for energy production and methane
content, the biogas yield can be calculated. This
calculation is expressed through the following formula:

Bi eld G g Y xVaxVs
iogas yield, G (m>) = 1000
G = Biogas yield (m?3)

Y = Biogas production rate (m3/ton)

V4 = Volume of digester (m3)

Vs = Volatile solids content (kg)

Table 1 shows the biogas production rates at
various retention times and temperatures, showing the
optimal conditions for maximizing biogas yield.

Table 1: Biogas Production Rates at Various Retention Times and Temperatures

Feedstock retention time (in days) | Temperature (°C)
16-18 | 19-21 | 22-24 | 25-27 | 28-30 | 31-33

06 -10 541 [798 |10.8 |13.6 |159 |183
11-15 473 | 679 [899 |111 |129 |147
16-20 421 |59 768 937 |108 |123
21-25 3.79 |522 |67 811 |9.33 |10.6
26-30 344 469 |59 |7.15 |82 9.28
31-35 316 [425 |535 |[6.39 |7.32 |826
36-40 291 |388 |486 |578 |6.6 7.44
41-45 271 |358 |445 |527 |6.02 |6.77
46-50 253 [332 |41 485 |553 |6.21
51-55 237 |3.09 |381 |[449 |511 |574
56-60 223 [289 [355 |4.18 |4.75 |5.33
61-65 2.1 272 1333 391 |4.44 |4098
66-70 199 | 257 [313 |3.67 |417 |4.67
71-75 189 | 243 [295 |346 |393 |44
76-80 1.8 2.3 2.8 3.27 | 371 | 415
81-85 172 | 219 |266 |31 352 |39
86-90 165 | 209 |253 |295 |334 |374
91-95 158 |2 241 281 |3.19 |356
96-100 152 | 192 |231 |269 |304 |34

The important parameter for the yield factor (S), which
is determined as follows:

. Vs
Yield factor,S = —
Vr

In this context, Vs stands for the volatile solids
per day (measured in kg/day), and Vs represents the
feedstock volume per day (measured in m3day).
Utilizing this formula allows for the accurate estimation
of daily biogas production potential from each
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biodigester setup, a crucial step in efficient electricity
generation.

The subsequent stage involves converting the
methane gas into energy, measured in joules. This is
achieved by considering the concept of calorific values,
which denote the quantities of heat energy released
during the complete combustion of a substance. For
methane gas, the calorific value is approximately 55.5
megajoules per cubic meter (MJ/m3) or 55,500 kilojoules
per cubic meter (KJ/m3).

The formula for this conversion is as follows:

Energy (Joules) = Value of Methane (in cubic meters)
X Calorific Values

In this equation, the "Value of Methane"
represents the amount of methane gas produced,
typically measured in cubic meters. By multiplying this
value by the calorific values and conversion factor of

%]
=

=

0.65 m® of methane to biogas, one can determine the
energy content of the biogas in joules.

2.8 Statistical Analysis

All the experiments were conducted in
triplicate, and the results were expressed as mean +
standard deviation which was processed using Microsoft
Excel version 16.

3.0 RESULTS AND DISCUSSIONS
3.1 Physicochemical Properties of Animal and Food
Waste Samples before Biodigestion

The physicochemical properties of animal and
food waste samples before bio digestion for biogas
production are shown in Figure 2. Three samples, namely
sample A (food waste), sample B (cow regurgitates), and
sample C (cow dung), were collected, and their
properties were analysed. The following parameters
were determined for each sample: pH, temperature, total
organic carbon (TOC), total nitrogen, C: N ratio,
moisture content, total solids (TS), and volatile solids
(VS).

50
40
30 || ||

Temperature TOC(%)  Total Nitrogen C:N ratio (%) Moisture TS (%) V5 (%)

(°C) (%)

Content (%)

HSample A ®Sample B Sample C

Figure 2: Physicochemical Properties of Animal and Food Waste Samples

3.1.1 pH and Temperature

The pH and temperature of the samples were
determined to assess their suitability for biodigestion.
The results show that sample A has a pH of 6.89, which
is slightly acidic but still within the acceptable range for
biodigestion. Sample B has a pH of 4.08, which is more
acidic and may require pH adjustment before
biodigestion. Sample C has a pH of 6.41, which is also
within the acceptable range. The temperature of the
samples was found to be similar, with samples A, B, and
C having temperatures of 26.9 °C, 27.1 °C, and 26.8 °C,
respectively.

3.1.2 Total Organic Carbon (TOC) and Total Nitrogen

Total Organic Carbon (TOC) and total nitrogen
were analyzed to determine the nutrient content of the
samples. The results show that sample A has a TOC of
8.94%, which indicates that it contains a relatively high
amount of organic matter. Sample B has a TOC of
10.01%, which is higher than sample A, indicating that
cow regurgitates are rich in organic matter. Sample C has
a TOC of 5.67%, which is the lowest among the three
samples. Total nitrogen analysis shows that sample A has
the highest total nitrogen content of 2.11%, followed by
sample C with 1.68%, and sample B with the lowest total
nitrogen content of 1.04%.
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3.1.3 Carbon: Nitrogen (C: N) Ratio

The C: N ratio of the samples was calculated to
assess their suitability for biogas production. The results
showed that sample A has a C: N ratio of 4.24, which is
within the optimum range for biogas production. Sample
B has a C: N ratio of 9.63, which is higher than the
recommended range and may require the addition of
nitrogen-rich substrates to enhance biogas production.
Sample C has the lowest C: N ratio of 3.38, which
indicates that it contains a higher amount of nitrogen than
carbon.

3.1.4 Moisture Content, Total Solids (TS), and
Volatile Solids (VS)

Moisture content, TS, and VS were determined
to assess the water-holding capacity and the organic
matter content of the samples. The results show that
sample A has the highest moisture content of 66.4%,
followed by sample C with 47.2%, and sample B with
the lowest moisture content of 34.7%. Sample B has the
highest TS and VS content of 65.3% and 70.1%,
respectively, indicating that cow regurgitates have a high
organic matter content. Sample A has the lowest TS and
VS content of 33.6% and 49.7%, respectively, while
sample C has TS and VS content of 52.8% and 58.2%,
respectively. The results of all samples before being kept
in the PET bottles for biogas production suggest that the
samples are suitable for biogas production, although
sample B (cow regurgitates) may require additional
nitrogen-rich substrates to optimize biogas production.

140

120 I

20

20

. |
Sample A

M Nitrogen (%)

Sample B

Methane (mL)

3.2 Comparing Biogas Production from Different
Substrates

The biogas production was observed from the
fourth day in all three digesters, indicating the
breakdown of organic matter in the feedstock. Figure 3
shows the quantity of biogas from the three different
waste samples used in this study for 30 days. The
quantity of gas generated suggests that food waste is the
most efficient substrate for biogas production in terms of
methane vyield, as it produced the highest amount of
methane (116.8 ppm) followed by cow regurgitates (4.11
ppm) and cow dung (1.57 ppm). In terms of nitrogen
content, cow dung had the highest amount (76.2 ppm)
followed by cow regurgitates (72.3 ppm) and food waste
(7.27 ppm). Biogas is a renewable energy source that can
be generated by anaerobically digesting organic Methane
is the main component of biogas and can be used as a
fuel for heating, electricity generation, or transportation.

Nitrogen is a crucial component in the growth
of microorganisms that break down organic material
during anaerobic digestion, indicating that samples with
higher nitrogen content may be more effective in biogas
production. Lastly, cow regurgitates produced the
highest amount of carbon dioxide (12.6 ppm) followed
by cow dung (7.99 ppm) and food waste (O ppm).
Although carbon dioxide is not the primary component
of biogas, it is a by-product of the anaerobic digestion
process and can be harnessed for various applications.

Sample C

Carbon dioxide (mL}

Figure 3: Comparison of Biogas Production from Food Waste, Cow Regurgitates, and Cow Dung

The amount of methane produced from each
substrate varied, with the waste from food-producing the
highest amount of 116.8 mL due to its high volatile solid
content of 49.7%. On the other hand, cow dung and cow
regurgitation produced 1925 mL and 1650 mL,

respectively. It can be inferred that the digestion of the
organic waste substrate progressed faster than the other
substrates. This could be attributed to the presence of
unused energy in the food waste, which provides the
necessary nutrients for the microbes to survive and
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facilitate an effective digestion process. Additionally, the
volume of each feedstock did not correspond to the same
mass, and the amount of volatile solid per kilogram
varied. As a result, variations in the amount of gas
generated were inevitable. The amount of biogas
generated in this study was similar to what was generated
in a biodigester system containing food waste that was
kept for 30 days (Mohan and Jagadeesan, 2013).

3.3 Microbial Analysis and pH Evaluation of Organic
Waste Materials for Anaerobic Digestion

The microbial population isolated from the
digestate of the biodigester is shown in Table 2 below.
The pH values from the study are an important indicator
of the acidity or alkalinity of the waste material.
Anaerobic digestion is most effective at a pH of around

7.0t0 8.0 (Wang etal., 2021). The pH values in this study
were below this range, with the lowest value of 3.49
found in food waste. This suggests that the waste
material may need to be adjusted to a more neutral pH
before anaerobic digestion can take place. The microbial
population isolated from the digestates after biogas
generation in this study includes Staphylococcus spp,
Proteus vulgaris, Escherichia coli, Enterobacter
aerogens, Aspergillus spp, and Mucor spp. The presence
of these organisms in the organic waste materials makes
it an excellent soil conditioner and fertilizer, as
evidenced by the fertilization test on cow dung. This
statement is supported by the fact that the microbial
analysis shows high counts of bacteria and fungi in the
samples, which are essential for plant growth and
nutrient cycling in the soil.

Table 2: Microbial Analysis Results of Food Waste, Cow Dung, and Cow Regurgitation Used for Anaerobic

Digestion
Components Unit | Food Waste Cow Dung Cow Regurgitation
pH 3.49 5.21 4.86
Total Bacteria Count | cfu/ml | 19.61 x 108 21.27 x 108 15.48 x 108
Total Fungi Count cfu/ml | 6.3 x 10° 4.9 x 10° 4.1x10°

Bacteria Isolates Staphylococcus spp.,

Proteus vulgaris

Escherichia coli, Staphylococcus
spp., Enterobacter aerogens

Enterobacter aerogens,
Staphylococcus spp.

Fungi Isolates Aspergillus spp.,

Mucor spp

Aspergillus spp

Aspergillus spp

The total bacteria count, and total fungi count
are also important factors to consider in anaerobic
digestion. These microorganisms play a crucial role in
the breakdown of organic matter and the production of
biogas (Koniuszewska et al., 2020; Xu et al., 2022). The
high bacterial and fungal counts in cow dung and cow
regurgitation could indicate that these materials are good
candidates for anaerobic digestion. However, some of
the bacterial isolates identified in the samples, such as
Escherichia coli and Staphylococcus spp., can cause
health problems in humans and animals (Alzaben et al.,
2022). It is important to ensure that these pathogens are
properly cautious is ensured during the anaerobic
digestion process.

3.4 Evaluation of the Fertilization Potential of
Digested Slurry

Digestion wastes were used as fertilizers for the
growing of Phaseolus vulgaris plant species after being
dried and blended. Three forms of fertilizers—waste
food, cow dung, and cow regurgitation—were
successfully used to fertilise all the plants, except for the
organic kitchen waste. Three plants were given
treatments with each type of fertilizer to study their
effects, while a neutral plant served as the control. Plate
1 to 3 shows the four plants' starting levels as they were
recorded. The four plants were similar in height and had
about the same number of branches.

Plate 1: Food waste slurry
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Plate 3: Cow regurpgit

The experimental findings indicate that the
plant treated with cow regurgitation exhibited the highest
growth, attaining a height of 9 cm. Subsequently, the cow
dung fertilizer resulted in the second-highest plant
growth, measuring 7 cm. In contrast, the control plant
recorded a growth of 5 cm. According to Olowolafe
(2008), plants mainly absorb three primary nutrients,
namely, nitrogen, phosphorus, and potassium. Secondary
nutrients, including calcium, magnesium, and sulfur, are
also essential in significant quantities. Additionally,
micronutrients, such as manganese, iron, zinc, and boron,
are necessary in moderate amounts. Cow dung is an
effective organic fertilizer because it contains high levels
of nitrogen (N), phosphorus (P), and potassium (K),
which enhance plant growth. In a comparative study by
Abidemi (2011), cow dung demonstrated the highest
levels of nitrogen, phosphate, and potassium in contrast
to chicken, sheep, or goat dung.

3.5 Calculating Daily Biogas Production and Energy
Content for Different Feedstocks

We applied the formula for biogas generation
earlier mentioned in the methodology section to calculate
the daily biogas production (G) and the energy content
for three different feedstocks: food waste, cow
regurgitation, and cow dung.

For Food Waste:
First, adjust the daily biogas production:

G = 0.65 x 0.7654m*/day = 0.4979m>/day
Now, calculate the energy content using the
adjusted biogas value and the given calorific value of

methane:

Energy (in joules) = 0.4979m3/day x 55,500K]/m?
= 27,699.45K]/day

For Cow Regurgitation:
First, adjust the daily biogas production:

G = 0.65 X 0.4084m*/day = 0.2656m>/day

Now, calculate the energy content using the
adjusted biogas value and the given calorific value of
methane:

Energy (in joules) = 0.2656m>/day x 55,500K]/m?
= 14,739.6K]/day

For Cow Dung:
First, adjust the daily biogas production:

G = 0.65 X 0.4941m3/day = 0.3213m>/day

Now, calculate the energy content using the
adjusted biogas value and the given calorific value of
methane:

Energy (in joules) = 0.3213m3/day X 55,500K]/m?
= 17,723.65K] /day

These adjusted calculations take into account a
0.65 factor to convert biogas values to methane values,
providing the energy content (in joules) for each of the
specified feedstocks when used for biogas generation.

The quantification of daily biogas production
and the determination of energy content from different
feedstocks are essential aspects in the assessment of
biogas generation systems. In this study, we have applied
a rigorous methodology to calculate daily biogas
production and energy content for three distinct
feedstocks: food waste, cow regurgitation, and cow
dung. Our calculations have been meticulously adjusted
to account for the conversion of biogas values to methane
values using a scientifically justified factor of 0.65, thus
providing precise estimates of the energy content (in
joules) for each specified feedstock.

3.5.1 Food Waste

Our results indicate that, after adjustment, food
waste yields a daily biogas production of approximately
0.49 m?d/day, corresponding to an energy content of
27,699.45 Kl/day. These findings are of particular
significance in the context of sustainable waste
management and energy recovery. Food waste, a
prevalent byproduct of human activities, possesses
substantial untapped energy potential when subjected to
anaerobic digestion. The energy content of food waste-
derived biogas underscores its viability as a renewable
energy source, capable of reducing environmental
pollution and enhancing resource efficiency.

3.5.2 Cow Regurgitation

When considering cow regurgitation as a
feedstock for biogas generation, our calculations reveal
a daily biogas production of approximately 0.2656
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m3/day, with an associated energy content of 14,739.6
KJ/day. It is important to acknowledge that cow
regurgitation, although a less conventional feedstock,
can serve as a valuable resource for biogas production.
The energy content quantified in this study sheds light on
the potential for sustainable energy generation in
agricultural settings and highlights the need for further
research into optimizing the utilization of this resource.

3.5.3 Cow Dung

For cow dung, our adjusted calculations yield a
daily biogas production of about 0.3213 md/day,
resulting in an energy content of 17,723.65 KJ/day. Cow
dung has long been recognized as a valuable substrate for
biogas production due to its widespread availability. The
quantified energy content emphasizes the role of cow
dung as an environmentally friendly and economically
viable source of biogas. This has implications for rural
communities and agricultural sectors seeking to harness
the energy potential of livestock waste.

The conversion factor of 0.65 applied in our
calculations is based on the well-established assumption
that biogas primarily consists of methane. While this
factor is widely accepted, it is important to acknowledge
that the composition of biogas can vary depending on
several factors, including the nature of the feedstock,
operating conditions, and microbial activity. Further
research is warranted to explore the impact of these
variables on biogas composition and energy content.

It is crucial to recognize that the potential
benefits of biogas production extend beyond energy
generation. Biogas systems offer a sustainable approach
to waste management, reducing the release of methane—
a potent greenhouse gas—from landfills and mitigating
environmental pollution. Moreover, the revenue
generated from biogas energy can contribute to the
economic viability of waste-to-energy projects.

The precise determination of daily biogas
production and energy content for different feedstocks is
pivotal in evaluating the feasibility and sustainability of
biogas systems. The results presented in this study
exemplify the untapped potential of organic waste
materials in addressing both energy needs and
environmental concerns. As we move toward a more
sustainable and circular economy, the findings presented
here underscore the importance of continued research
and development in the field of biogas technology. This
knowledge will not only enable the efficient utilization
of organic resources but also facilitate the transition to a
more environmentally responsible and energy-secure
future.

4.0 CONCLUSION

This study demonstrates that food waste, cow
regurgitates, and cow dung are viable substrates for
biogas production, with food waste yielding the highest
methane. Adjustments in pH and additional nitrogen

sources may enhance biogas vyields from cow
regurgitates. Microbial analysis confirms the presence of
beneficial organisms for soil health. Future research
should explore optimizing digestion conditions and
scaling up the process for industrial applications. These
findings support the potential of using organic waste for
renewable energy and soil conditioning, offering a
sustainable solution for waste management.
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