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ABSTRACT: The cost and the health effects of using other forms
of energy, such as energy from fossil fuels and coal, make it
necessary to find alternative sources of energy which are cheap
and have no health effects on humans, animals and the
environment. The energy derived from animal wastes, such as
camel, donkey and horse dung, provide that alternative source of
energy to humanity. To treat the problem of fossil fuel usage and
greenhouse gas emissions, biogas is considered a potential source
of clean renewable energy. The aim of this work is to compare the
amount of biogas produced from cow, horse and camel dung. This
work used three 1 litre capacity plastic gallons as prototype
biodigesters. These biodigesters were operated and daily gas
produced from the dung was observed for 37 days retention time.
The digesters were fed with the same proportion of dung from
each animal, and water. The operating temperatures of the
digesters were maintained within the range of 34-39°C, while pH
values of the slurries ranged from 4.90 to 7.3. The biogas
produced in 37 days retention time were found to be (4550
cm?)/150g for camels, (2210 cm?®)/150g for donkeys and (4000
cm?®)/150g for horses. It was observed that the dungs were
stagnant for one week, and the more the retention time, the more
gas was produced. This investigation revealed that the gas
production process was started on day 7, due to the fact that those
animals were fed with fibrous materials and a longer time is
required for digesting fibrous materials by microorganisms. The
results obtained are compared in order of camel > horse >
donkey. It was found that camels produce the highest volume of
gas followed by horse and then donkey. The process of methane
gas production, if extended to the commercial scale, would not
only provide an alternative source of energy but would also be a
means of environmental sanitation for the study area and Nigeria
at large.
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INTRODUCTION

The energy derived from animal dung has no adverse effects on the environment. Truly, energy
produced from these materials (wastes) is extremely important and has a low cost of
production. Delightfully, an individual can be able to digest his own waste food to get important
farm supplements. Thus, this is not providing a way to harness the energy contents of the waste.
The technology today used in biogas production is delightfully a two-way technology at this
time. The gas produced can be of great importance to the satisfaction of humanity, while its
leftovers can be transformed into fertilizer. This gas is a form of energy obtained from the
digestion of animal and plant waste, which comprises methane, carbon dioxide and other
impurities such as hydrogen, hydrogen sulfide and some nitrogen (Deressaa et al., 2015). The
biogas is said to be a mixture of colorless and flammable gases obtainable by the process called
anaerobic digestion of plant and animal waste. It typically comprises 50-70% methane, 30-40%
carbon dioxide and other trace impurities of gases. It is widely confirmed that gas utilization
of a country is a peak of its improvement and good living. The need for biogas in the sector of
transportation and the generation of power are in increased demand in many countries of the
world, including our country Nigeria (Onwuliri et al., 2013). At this time, the sources of energy
required for electricity generation, heating and vehicle fuel are biogas, biofuels, solar energy,
water energy, wind energy and geothermal energy. These sources are permanently renewed by
natural processes or anthropogenic activity (Miroslav et al., 2009). Therefore, they appear to
be effective solutions to the menaces resulting from the use of biofuels (Ozor et al., 2014).

Due to population growth and industrial development, world energy consumption considerably
increased in the last decades. The use of fossil fuels is still the main energy source. However,
fossil fuels are not renewable sources of energy. Furthermore, they are highly polluting, and
their production tends to decrease during the next few decades. The increased energy
consumption based on fossil fuels affects our environment through the greater amounts of
greenhouse gas emissions, the environmental pollution of water, air and soil, and the climate
changes, which dramatically influence the quality of life and the health of people. Therefore, it
is important to develop new sustainable energy supply systems that cover the increasing energy
demand for renewable sources. Reducing greenhouse gas emissions through renewable energy
production is of rising importance (Moutaz et al., 2019).

As at 2007, it was reported that animal and agricultural wastes in Nigeria stood at 0.781 and
0.256 million tons per day respectively (Onaji et al., 2019). Vindis et al. (2009) reported that
from animal waste alone, Nigeria can generate 4.75 x 109 MJ per annum. Ugwuh (2009)
reported that an average Nigerian generates about 0.48 kg of municipal solid waste daily.
Ovueni et al. (2010) also predicted that the municipal solid waste generation in Nigeria will
reach 58 million tons daily by 2050. In spite of this great benefit in energy generation, Nigeria
has not been able to harness this alternative source of energy adequately (Onaji et al., 2019).

Theoretical Background

The need of energy in the world is on an increased demand in which the sources are utilized.
Biogas, as a renewable energy source, assists us in conserving biofuels. The benefits of biogas
can be extended to villages under favorable conditions through a good preparation of
community biogas plants. These technological benefits of biogas are not applied for lightning
and cooking only, but also serve as farm supplements for the nation’s farmers. The study comes
up with the aims of transforming animal waste into biogas. It is remarkable for undeveloped
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countries to use this technology in order to obtain their energy requirement, which will continue
endlessly in the coming years (Neeha & Shafgat, 2012).

The methane gas produced in some parts of the world can replace biofuels and oils which had
negative impacts on the living areas and in the same vein, aggravated the living standard of the
dwellers. The biogas has many uses but its technology does not wholly capture the problems
within it; the frequent ones: it requires a long period of time to digest the compost materials,
usually 30-50 days and in the winter period, less gas is produced. These problems need to be
eliminated so as to make this technology known in the villages. The scholar makes use of
different methods to improve methane gas production across the globe (Vijay et al., 2013).

The utilization of energy is on an increase and in those days brought about fear of finishing the
world's reserve of hydrocarbon and other forms of energy in the coming days. The large usage
of fossil fuels leads to untold damage to the populations in various forms. About 90% of the
energy utilization is due to fossil fuels. Due to modernization of our industries and increase in
population, our economy and technologies are greatly dependent on natural resources that can
be renewed. These sources are less costly, so they can dominate the use of fossil fuels easily.
By increasing the biogas production, the following can be prevented: air pollution, soil
pollution and water pollution. Hence, the economy of the nations or the world at large will
rapidly grow, due to natural sources available in the environment (Nada & Alrikabi, 2014).

The study was conducted to analyze the total dung of animal-based biogas potential to attain
the increasing power demand of the population. The study investigated that the Bathinda
district encompasses an animal population of 423375 and animal dung energy produced is
1385247 GJ per year. Their results have shown that electrical energy derived from an extra
animal’s dung with efficiency 35% is 384.8 GWH per year. The greenhouse gas emission is
also reduced by the use of this dung (Gagandeep et al., 2014).

The donkey waste was used to produce biogas using a digester. The collected samples were
investigated and analyzed. This methane gas produced was investigated with the assistance of
gas analyzer. The results of biogas produced indicated that the methane contents account for
about 55% without co-digesting it with other wastes. Finally, the results of the investigation
indicated that the wastes of donkeys are important materials for the production of methane gas
(Mukumba et al., 2016).

The biogas produced undergoes several stages—four different stages. The first stage involves
the transformation of animal dung into simple sugar and it is called hydrolysis. The second
stage involves the transformation of simple sugar into propanoic acid and methanol acid, and
it is called acidogenesis. Third stage has to do with the breaking down of propanoic acid and
methanol into hydrogen, carbon dioxide and acetic acid; this process is called acetogenesis.
The fourth stage involves the transformation of hydrogen and acetic acid to methane gas and
carbon dioxide with the help of bacteria called methanogens; the whole process is known as
methanogenesis. The production of methane gas and carbon dioxide leads to the attainment of
animal dung balance. The biogas extracted from this dung consists of methane and carbon
dioxide together with traces of gases. It is a better burning agent than coals and releases very
little carbon dioxide per unit of energy (Calverton, 2008).
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METHODOLOGY
Sample collection

The study area of this research is Kawara Manu, Maiyama L.G Kebbi State, Nigeria. The dungs
were obtained from three different areas of Kawara. The samples were collected in
polyethylene bags and labeled as Camel, Donkey and Horse for easy identification, and then
transported immediately to the laboratory for use by the manual removal of unwanted particles
like stones, woods and other non-biodegradable materials (Kamen et al., 2018). The samples
thus collected were sun-dried for over a period of 10 days and ground using wooden pestle and
mortar. Sieve (2mm size) was used in order to obtain powdered samples which were stored in
separate black polythene bags (Onaji et al., 2019). The sample powder weighed 150g for each
animal dung. A 1L capacity gallon was made to be the digester in this research, and the tubes
were used as gas collectors.

Preparation of Slurry and digestion

From the prepared samples, 1509 each of Camel, Donkey and Horse dung was weighed and
mixed with 800 cm? of water in a beaker to obtain slurries of 1:4 substrates:water ratio. The
slurry prepared was stirred and allowed to equilibrate for over 24 hours. The digesters were
sealed with an adhesive to prevent leakages and connected with delivery pipes which conveyed
the gas from the digester to the gas collectors (tube). The digesters were firmly closed to attain
anaerobic conditions and allowed in this state for a period of 37 days. The amount of gas
produced was monitored at daily intervals. The experiment was conducted under mesophilic
temperature range of 37-40°C (Onaji et al., 2019) and pH of 4.9-7.3.

The stages which biogas undergoes during the process can be presented in a flow chart as
shown below:

Hydrolysis

¢

Acidogenesis = Bt
(Fermentation) ‘

Volatile fatty acids

Acectogenesis ‘ .
v v
Acetic acid - » H,CO,

Methanogenesis 0 0

A CH +CO A

Figure 1: Flow Chart of Anaerobic Digestion Process (Moutaz et al., 2019).

4 Article DOI: 10.52589/XXXXXX
DOI URL: https://doi.org/10.52589/XXXXXXXXX



|I II'| I|

Advanced Journal of Science, Technology and Engineering

Volume 1, Issue 1, 2021 (pp. 1-7) www.abjournals.org

The rate of biogas production depends greatly on the temperature of the digesters. Anaerobic
digestion process generally occurs at three temperature ranges. These ranges are defined as
psychrophilic (15°C - 20°C), mesophilic (30°C - 40°C) and thermophilic (50°C - 60°C) (Moutaz
et al., 2019). The total gas produced for each animal dung was calculated using the expression
below:

The total gas produced in 37 days = ),
(1)

where N = 1,2,3,4, representing the number of days. For each day, the volume of gas produced
was recorded, up to the period of 37 days, as shown in the equation 1 above. The total volumes
of gas produced from each digester were tabulated.

Xy el

RESULTS AND DISCUSSION
Results

The cumulative results of Biogas production from Camel, Donkey and Horse dung are shown
in table 1 below; the production was delayed till day 7. The pH for the dung fluctuated from
the first day to the tenth day, between 4.9 and 7.3, after which it began to decrease gradually
for the remaining days of the retention period. As it was observed in the first few days, the pH
of dung decreased due to high volatile fatty acid. The gradual reduction explains the gradual
change of stage of the production of biogas, from hydrolysis to acidogenesis, in which the
slurry becomes acidic and forms substrates, after which it produces biogas (as shown in figure
1). The readings were taken every 24 hours; the percentage of biogas production in 37 days
retention time is shown in Figure 2.

Table 1: Total biogas produced in five weeks two days (37 days)

SLURRY (mixture of dung and water)

Total Volume of gas produced (cm?®)

CAMEL

4550

DONKEY

2210

HORSE

4000

Total gas produced from camel, donkey and
horse

4550+2210+4000 = 10760 cm?®

The percentage of the volume of biogas produced from the three samples were calculated using

the expression below:

Percentage of gas produced by camel dungs =

Percentage of gas produced by donkey dungs =

Percentage of gas produced by horse dungs =

4550

10760
2210

10760

X 100 = 42.290 %
x 100 = 20.540%

0
= 0
10760 X 100 = 37.175%
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Figure 2: Pie chart showing the percentage of total biogas produced from three samples
in 37 days.

Discussion

Table 1 shows that in all the three dungs, most of the biogas productions occurred in the second
week. This can also be traced to the fact that most of them feed on fibrous materials and
microorganisms require a longer time to degrade fibrous materials. In the cumulative
production of biogas from the three dungs for 37 days shown in table 1, the Camel dung had
the highest yield of 4550cm3/150g dry dung, followed by the Horse dung having
4000cm3/150g dry dung, and Donkey dung with 2210cm3/150g dry dung. The total volume of
gas from the three samples is equal to 10760cm?®. Biogas production virtually stopped after the
37th day for the three samples.

In figure 2, the pie chart shows the percentage of the total gas produced by each of the dung
collected from the study area. It was observed that Camel has the largest percentage of 42.290%
while Donkey has the least percentage.

CONCLUSION

The results of the biogas productions from Camel, Donkey and Horse dung showed that an
appreciable quantity of biogas can be obtained from the dung of these three domestic animals,
which if explored in large scale, will be of great economic benefit and help to combat
environmental pollution. The investigation also revealed that camels’ dung has greater potential
to produce methane gas compared to other dung (horse & donkey), and its usage should be
recommended due to its high production yield. The animals’ dung are always available in the
study area and can be used as sources of fuel if managed properly.
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