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ABSTRACT

Waste management is inadequate and ineffective in many urban and rural areas in Nigeria. The poor
management of animal waste in Nigeria is a source of concern to the society. Besides, Nigeria’s increasing
population has contributed greatly to sustained demands for energy source that is renewable and readily
available. At presence, the major means of energy generation in Nigeria is from fossil and wood fuels which
have huge negative effect on our environment especially the ozone layer depletion. The biogas technology
can help to solve part of Nigeria energy problem, thus this research work that is focused on the comparative
analysis of three different samples of animal manure. 30 kg of each samples of animal manure (cow dung,
poultry dropping and pig dung) were digested differently in a biogas digester made with mild steel and with
a capacity of 0.05m3. The experiment was allowed for complete hydraulic retention. Mesophilic
temperature, pH readings, pressure build up and biogas yield were parameters used for evaluation. The
results obtained showed that pressure build up in each case were almost the same. Besides, the experiment
was subjected to the same mesophilic temperature range. However, biogas yield was higher with cow dung,
followed by poultry dropping and pig dung. Besides, there was a variation in pH reading from acidic, to
alkaline and neutral. Moreover, each of the samples possess shorter hydraulic retention time, therefore they

can served as a seeding agent for biogas yield.
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INTRODUCTION

Waste is defined as left over or already used
item waiting for reuse or disposal (Titus and
Anim, 2014). The volume of wastes generated is
largely dependent mainly on the population in
any given area and the consumption pattern of
the inhabitants of such area (Orhorhoro et al.,
2017b). Solid wastes are generated and dump
indiscriminately in Nigeria due to poor
implementation of standards, thus causing
environmental and public health hazards
(Orhorhoro et al., 2017b). Nigeria generates
more than 32 million tons of solid waste
annually, out of which only 20-30% is collected
and disposed in an open dump site (Owamah et
al., 2015). Different researchers have reported
that organic waste fraction of solid waste
generated in Nigeria has the highest percentage
which is over fifty percent (Owamah et al.,
2015; Orhorhoro et al., 2017b). Unfortunately,
this portion of generated solid waste has not
been properly enhanced for biogas production
(Orhorhoroet al., 2017c). Besides, reckless

disposal of solid waste has led to blockage of
sewers and drainage networks, and choking of
water bodies. Most of the wastes are generated
by households and in some cases, by local
industries, artisans and traders which litter the
immediate surroundings. Improper collection
and disposal of solid wastes is leading to an
environmental catastrophe as the country currently
lack adequate budgetary provisions for the
implementation of integrated waste management
programs across the states .

The anaerobic digestion (AD) process is a green
technology involving the generation of methane
rich biogas via the biological degradation of
available biomass from organic waste food
waste and animal manure (Orhorhoro et al.,
2016¢). It is an efficient process for treatment
and utilization of organic waste because it has
proven to be a promising method for waste
reduction and energy recycling (Orhorhoro et
al., 2017a). The AD process is widely adopted
by Germany, Sweden, China, USA, and Denmark,
which have implemented rigorous waste
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disposal legislation. Since 2000, annual power
generation from digester projects in USA has
increased almost 25- fold from 14 million
kilowatt-hours (KWh) to an estimated 331
million kWh per year (Garfi et al., 2011).

Biogas composition typically ranges from 55-
70% vol CH,4, 30-45% vol CO,, and 0-1.5% vol
H.S, and is saturated with water (Schomaker et
al., 2000; Orhorhoro et al., 2018). This can be
an acceptable substitute of natural gas that is
composed of 85% CHy,, with CO,, N, and C,Hg
making up the rest (Schomaker et al., 2000;
Ebunilo et al., 2016b). Biogas is a product of
bio-methanation process when fermentable
organic materials such as cattle dung, kitchen
waste, poultry droppings, night soil wastes,
agricultural wastes etc. are subjected to anaerobic
digestion in the presence of methanogenic
bacteria and absence of oxygen (Bande, 2004,
Orhorhoro et al., 2016b; Orhorhoro et al., 2017c ).
Among the various types of the renewable
sources, biogas is a potential fuel, which can be
produced through an anaerobic digestion of
organic material, such as biomass, municipal
waste and sewage (Authayanun et al., 2013;
Ebunilo et al., 2015b). The high concentration of
methane makes biogas an attractive fuel and its
use solves an emission problem since methane
(as a greenhouse gas) is several times more
harmful than CO, (Niesner et al., 2013).
Removing of carbon dioxide (CO,) increases the
heating value and leads to a consistent gas
quality, similar to natural gas. Hydrogen
sulphide is present in small quantities in the
biogas; the presence of H,S usually prohibits the
direct use of these gases because of its toxic
properties, the formation of SO, upon
combustion (acid rain), and the problems it
(usually) gives in downstream processing. Beside,
H,S is frequently encountered in the field of odour
monitoring because of its high odorous power
(Zaouak et al., 2012). The type and the amount
of pollutants depend upon the biogas source and
determine which cleaning and upgrading techniques
are the most suitable for gas purification
(Ebunilo et al., 2016c; Orhorhoro et al., 2017d).
With the potential of solid waste from animal
manure, with the adoption of biogas technology,
part of Nigeria energy problem can be solved,
thus this research work.

MATERIALS AND METHODS

The materials used in this research are as
follow: water, cow dung, pig dung, poultry
dropping, 0.05m* mild steel anaerobic digestion

plant, pressure gauge, pH meter and mercury in
glass thermometer

An electronic pH meter was used to monitor the
pH of the digested slurry. The probe (glass
electrode) is dipped into the sample of the slurry
inside the digester after each evacuation. The
other part of the probe is connected to the
electronic pH meter.

The mercury in glass thermometer is connected
to the anaerobic digester plant. It was used to
measure the slurry temperature.

The anaerobic digestion plant was constructed
from a mild steel material. It has a total capacity
of 0.05m° and it was fabricated using a mild
steel material. The inlet valve for charging of
slurry, thermometer for taking the temperature
of the slurry, pressure gauge for taking the gas
pressure, outlet valve for discharge of slurry,
valve for biogas evacuation and stirrer for
continuous stirring of slurry were all connected
to the digester.

The cow dung, pig dung, poultry dropping was
collected from local farm in Nigeria on a daily
basis. A basket was used for the collection and it
was sorted and properly weighed using a
weighing balance.

Foreign materials were removed from the
collected substrate samples and a grinding
machine was used to further decrease the sizes
of the substrate. According to Orhorhoro et al.,
(2017C), the finer the particles size, the shorter
the hydraulic retention time (HRT). Besides, it
leads to an improved biogas yields. Therefore,
for an optimum biogas vyields, bio-waste grinding
machine is required. During the preparation of
the substrates used, same measured masses of
pig dung (30kg), poultry dropping (30kg), and
cow dung (30kg) were digested differently with
same water volume in ratio of 2 (substrate) to 1
(water) as recommended by Ebunilo et al.
(2015a). The temperature and pH were monitored
using mercury in glass thermometer and electronic
pH meter respectively.

Due to maintenance and technical know-how, a
single fixed dome batch anaerobic digestion
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plant was used for the digestion of the substrate
samples. Charging was carried out separately
with AD1 for cow dung, AD2 for poultry dropping,
and AD3 for pig dung. Each of the AD was
subjected to complete hydraulic retention time
(HRT) under the same condition of mesophylic
temperature and pH.

RESULTS AND DISCUSSION

The quantity of biogas yield was evaluated at an
interval of two (2) days after indication of blue
via flame test. It was observed that it took 14
days for proper biogas yield (blue flame) and

this agree with the research work of Ebunilo et
al. (2016a). The biogas produced was evacuated
into a mild steel biogas storage bottle. This was
done for each sample which comprised of cow
dung, pig dung, and poultry dropping.

The performance analysis of pressure build up
for each of the sample is depicted in Figure 1.
The pressure at each evacuation showed that
pressure was higher for cow dung, closely
followed by poultry dropping and pig dung was
least. However, in each sample, the different in
pressure build up was minimal.
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Figure2. Comparative analyses of temperature

The high pressure value obtained with cow dung
in comparison to the other substrate samples
(pig dung and poultry dropping) was an
indication of better biogas yield. According to
Orhorhoro et al. (2016b), improved in pressure
build up in the anaerobic digester was an
indication of better microbial activities taking
place in the anaerobic digestion plant that
favored methanogenesis stage on the other hand,
thus improved biogas yield.

Besides, higher value of pressure build up in the
anaerobic digester is a function of a better slurry
temperature across each of the sample as shown
in Figure 2. It was observed that the research
work was carried out at a mesophilic temperature
range (Ebunilo et al., 2016a). Nevertheless, in

each of the sample, mesophilic temperature
ranges of 28°C-35°C were used. In general, the
higher the mesophilic temperature inside the
digester, the less time required for complete
digestion of substrate (i.e. more production of
biogas) since more methanogenic bacteria are
working upon substrate and also more
destruction for diseases causing microbes.
Ebunilo et al. (2016a) reported 36°C-37°C as
optimum mesophilic temperature for optimum
biogas yield. Moreover, the temperature inside
the digester should be stable, since the
methanogenic bacteria are highly sensitive
toward changes and variations of temperature
inside the digester especially at high temperature
ranges where the productivity of the biogas
dropped significantly, while it drops gradually at
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low temperature range (Orhorhoro and Erameh,
2019).

A sudden or fast temperature changes reduces
the production of biogas or might stop its
production, so temperature monitoring is essential

Tablel. Comparative analysis of flame test

especially for biogas plants work at high and
low temperature range (Orhorhoro and Erameh,
2019).

The results of flame test evaluation for the three
samples are shown in Table 1.

Flame Test
Hydraulic retention time (days) Cow dung Poultry dropping Pig dung

1 No gas No gas No gas

2 No gas No gas No gas

3 No gas No gas No gas

4 No gas No gas No gas

5 No gas No gas No gas

6 No gas No gas No gas

7 No gas Yellow flame No gas

8 No gas Yellow flame No gas

9 Yellow flame Yellow flame No gas

10 Yellow flame Yellow flame Yellow flame
11 Yellow flame Yellow flame Yellow flame
12 Yellow flame Yellow flame Yellow flame
13 Yellow flame Yellow flame Yellow flame
14 Blue flame Blue flame Blue flame
15 Blue flame Blue flame Blue flame
16 Blue flame Blue flame Blue flame
17 Blue flame Blue flame Blue flame
18 Blue flame Blue flame Blue flame
19 Blue flame Blue flame
20 Blue flame Blue flame
21 Blue flame
22 Blue flame

From the results analysis, indication of biogas
production started earlier with poultry dropping
(day 7), followed by cow dung (day 9) and pig
dung (day 10) took longer time. Besides proper
methane production which is the indication of
blue flame (Ebunilo et al. 2016a) started earlier
with poultry dropping, followed by cow dung
and ended with pig dung. The shorter hydraulic
retention time observed was as a result of quick
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decomposition of the samples used. This simply
showed that either of the samples can be used as
a seeding agent. Ebunilo et al. (2016b) reported
similar results for cow dung and water leaf.
Comparative analysis of biogas yield is shown
in Figure 3. From the results obtained, cow dung
has a better biogas yield when compared to
poultry dropping and pig dung.
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Figure3. Comparative analyse of biogas yield

The results of pH readings evaluation of cow
dung, poultry dropping and cow dung is shown
in Figure 4. For each of the samples, at the early
stage of the process, it was weak acidic which is

4

an indication of hydrolysis stage as reported by
Orhorhoro and Erameh (2019). However, with
prolong decomposition; it appeared to be alkaline
medium before a neutral range that favoured
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optimum biogas yield was obtained. These results
go in line with the research work of Orhorhoro
and Erameh (2019).

CONCLUSION

In this research work, comparative analysis of
three different samples of animal manure was
evaluated and compared. The results of the
analysis show that for a period of this research
work, cow dung has a shorter hydraulic time,
closely followed by poultry dropping with pig
dung coming last. Also, analysis was equally
carried out to evaluate temperature and pH
readings as a process and operation parameters.
It was observed that mesophilic temperature
range has effect on biogas yield from animal
manure. Besides, variations in pH reading from
acidic, to alkaline and neutral were recorded.

However, each of the samples possess shorter
hydraulic retention time, therefore they can
served as a seeding agent for biogas yield.

REFERENCES

[1] N.C. Ani, 2014, Biogas Technology-Reasons
why the industry is being undermined in
Nigeria, Seminar on Biogas, November 4th, 2014,
Available at: Biogas_Technology Reasons_
why_the_industry is_being_undermined_in_Ni
geria.pdf. Accessed 5th, December, 2017

[2] S. Authayanun, P. Aunsup, and K. Im-orb, A.
Arpornwichanop, 2013, Systematic analysis of
proton electrolyte membrane fuel cell systems
integrated with biogas reforming process, Chemical
Engineering Transactions, 35: 607-612

[3] Y.M. Bande, 2004, Biogas production from
sewage, a thesis submitted to post graduate
school, Bayero University, Kano, 6-25

[4] P.O. Ebunilo, S.A. Aliu, and E.K. Orhorhoro,
2015a, Performance Study of a Biogas Pilot
Plant using Domestic Wastes from Benin
Metropolis. International Journal of Thermal &
Environmental Engineering, 10(2): 135-141.

[5] P.O. Ebunilo, S.A. Aliu, and E.K. Orhorhoro,
2015b, Comparative Analysis of Biogas Yield
from Different Composition of Domestic Wastes
from Benin City, Nigeria. Journal of Advanced
& Applied Science (JAAS), 04(05): 169-177

[6] P.O. Ebunilo, E.K. Orhorhoro, V. Oboh, P.U.
Onochie, 2016a, Effect of Temperature on
Biogas Yields Using South-South Nigeria as a
Case Study. International Journal of Technology
Enhancements and Emerging Engineering
Research, 4(3): 50-54

[7] P.O. Ebunilo, Ukwuaba, S.I., Owunna, 1.B.
Sadgere, E.G. and Orhorhoro, E.K. 2016b,
Evaluation of cow dung and talinum triangulare
as a seeding agent for the production of biogas

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

from domestic wastes in Warri metropolis.
International  Journal of Scientific and
Engineering Research, 7(3): 633-641

M. Garfi, L. Ferrer-Marti, V. Villegas, and I. Ferrer,
2011, Psychrophilic anaerobic digestion of
guinea pig manure in low-cost tubular digesters at
high altitude”. Bioresource Technology, 102
(10): 6356-6359. doi: 10.1016/j.biortech.2011.
03.004

J. Niesner, D. Jecha and P. Stehlik, 2013, Biogas
upgrading techniques: state of art review in
European region, Chemical Engineering
Transactions, 35: 517-522

E.K. Orhorhoro, P.O. Ebunilo, and A.E. Ikpe,
A. 20164, Effect of pH on Anaerobic Digestion
(AD) of Organic Municipal Solid Waste in
Benin City, Nigeria. Journal of the Nigerian
Association of Mathematical Physics. Volume
36, (1), 369-374

E.K. Orhorhoro, O.W. Orhorhoro, P.O. Ebunilo
2016b, Analysis of the Effect of Carbon/
Nitrogen (C/N) Ratio on the Performance of
Biogas Yields For Non-Uniform Multiple Feed
Stock Awvailability and Composition in Nigeria”.
International Journal of Innovative Science,
Engineering & Technology, 3(5): 119-126

E.K. Orhorhoro, P.O. Ebunilo, R.I. Tamuno and
I.A Essienubong, 2016¢, The Study of Anaerobic
Co-Digestion of Non-Uniform Multiple Feed
Stock Availability and Composition in Nigeria.
European Journal of Engineering Research and
Science, EJERS, 1(1): 39-42

E.K. Orhorhoro, P.O. Ebunilo and E.G. Sadjere
2017a, Development of a Predictive Model for
Biogas Yield Using Artificial Neural Networks
(ANNSs) Approach. American Journal of Energy
and Power Engineering, 4(6): 71-77

E.K. Orhorhoro, P.O.B. Ebunilo, and E.G.
Sadjere 2017b, Determination and Quantification
of Household Solid Waste Generation for
Planning Suitable Sustainable Waste Management
in Nigeria”. International Journal of Emerging
Engineering Research and Technology, 5( 8): 1-9

E.K. Orhorhoro, P.O.B. Ebunilo, E.G. Sadjere,
2017c, Design of Bio-Waste Grinding Machine
for Anaerobic Digestion (AD) System, European
Journal of Advances in Engineering and
Technology, 4 (7), 560-568.

E.K Orhorhoro, P.O.B. Ebunilo, P.O. Osunde,
2017d, Design of Three Stages Continuous
Anaerobic Digestion (AD) Plant. American Journal
of Engineering Research (AJER), 6(11): 311-321

I.LH. Owamah, O.C. lIzinyon, P. Igbinewekan,
2015, Characteristics and quantification of solid
waste generation in the Niger Delta Region of
Nigeria: a case study of Ogbe-ljoih community
in Delta State. Journal of Material Cycles and
Waste Management, 19(1): 366-373

International Journal of Emerging Engineering Research and Technology V7 e 19 e 2019 5



Comparative Analysis of Biogas Yield Potential from Cow Dung, Poultry Dropping and Pig Dung

[18] A.H.H.M. Schomaker, A.A.M. Boerboom, A. [19] O. Zaouak , A. Ben Daoud, M. Fages, J.L. Fanl,

Visser, A.E. Pfeifer, 2000, Anaerobic Digestion of and B. Aubert, 2012, High Performance Cost
Agro-Industrial Wastes: Information Networks. Effective Miniature Sensor for Continuous
Technical Summary of Gas Treatment, DG12- Network Monitoring of H2S, Chemical
SSMI Ed., AD-NETT report, Netherlands. Engineering Transactions, 30: 325-330.

Citation: Essang, N.P, “Comparative Analysis of Biogas Yield Potential from Cow Dung, Poultry Dropping
and Pig Dung”, International Journal of Emerging Engineering Research and Technology, 7(9), 2019, pp. 1-6

Copyright: © 2019 Essang, N.P. This is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

International Journal of Emerging Engineering Research and Technology V7 e 19 e 2019



