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ABSTRACT: Biogas production from agricultural wastes has not been fully explored as a means of waste
management and production of organic fertilizer. Hence, the objective of this paper was to explore the performance
evaluation of fixed dome (FXD) and floating drum digester (FLD) for the production of biogas from the co-digestion
of cow dung (CD), poultry manure (PM), palm oil mill effluent (POME) and water (WW) using appropriate standard
procedures. Results showed that in the water/manure treatment, the FXD digester produced significantly more biogas
(8.18 dm?) at 33°C and pH 6.8 than other treatments. In the POME/manure treatment, the FLD digester yielded the
highest biogas volume (8.05 dm®) at 34°C and pH 6.4. FXD digesters were more suited for water/manure treatment,
while FLD digesters were preferable for the POME/manure treatment. Analysis of digested slurry revealed N, P, and
K contents of 2.54, 1.25, and 7.68 % for FXD digester, and 2.53, 1.76, and 50.14 % for FLD digester. These slurries
may serve as high-quality organic manure, replacing chemical fertilizers in agriculture. The study underscores how
substrate types, digester configurations, pH and temperature influence biogas production, emphasizing the sustainable
potential of agricultural waste utilization.
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Agricultural waste refers to by-products from Akinbomi et al., 2014). According to Okoro et al.

cultivating and processing raw agricultural produce,
including animal products like meat, dairy and
poultry, as well as fruits, vegetables and crops. These
wastes, also called agro-wastes, can include food
processing waste, crop residues, hazardous
agricultural waste and animal waste like manure and
carcasses (Obi et al., 2016). Improper waste
management leads to pollution of the environment as
a result of emission of greenhouse gases such as
carbon dioxide and methane (Majd et al., 2017;
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(2018), waste management in Nigeria has become
very challenging despite efforts from governments,
past and present and even private sector.

Livestock production is one of the major agricultural
practices and it is the biggest source of animal waste
(Odejobi et al., 2022). In Nigeria, approximately 6.4
million kilogram of poultry, 1.40 million kilogram of
cattle and 5.20 million kilogram of piggery manures
are produced daily (Itodo et al., 2000), and these
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wastes pose as danger to man and constitutes
environmental challenges if not properly handled.
The increase in farming activities in developing
countries may lead to increased global agricultural
waste production significantly, estimated at nearly
one billion tonnes annually (Olorunnisola, 2007).
Unfortunately, approximately 90 percent of these
wastes end up in unengineered dumpsites or are
openly burned, causing environmental pollution.

Palm oil industry is among the major agro-based
industries in Nigeria. The processing and production
of palm oil leads to the generation of large amount of
wastes in which 50 percent of it end up as wastewater
commonly known as palm oil mill effluent (POME).
High values of chemical oxygen demand (COD) and
biochemical oxygen demand (BOD) of up to
80,000mg/l have made it an important source of
environmental pollution if discharged into the
surrounding without adequate treatment (Oswal et al.,
2002).

Animal dung consists of nitrogen (N) and
phosphorus (P) in high concentrations which are
potential  feedstock  for  biogas  production
(Abdeshahian et al., 2016). Biogas is a colorless,
flammable gas produced through the anaerobic
digestion of organic matter such as animal, plant,
human and industrial wastes amongst others, to
generate majorly methane (50-70%), carbon dioxide
(20-40%) and trace gases (Maishanu et al., 1990).
Biogas, which is a product from the decomposition of
organic materials by methanogenesis, can be the
alternative source of energy for most developing
nations. Methanogenesis can be carried out in
different types of digesters via anaerobic digestion
(Ernst et al., 2000). Animal and plant wastes can be
transformed into an economic and environmental
benefit if harnessed correctly in a digester (Lansing et
al., 2010). A digester provides an optimal condition
for methane producing microbes by using the wastes
as nutrient source. The anaerobic digestion process
leads to several benefits such as: the produced
methane becomes a renewable energy source, a liquid
organic fertilizer is produced, waste pollution,
greenhouse gas emissions and foul odors are
drastically reduced (Clemens et al., 2006; Lansing et
al., 2010). Researches have been carried out on the
use of animal manures for biogas production, e.g.
Owamah et al. (2014) and Alfa et al. (2014) on
poultry droppings and Anozie et al. (2005) on cow
dung. Previous study by Sidik et al. (2013) have
shown that POME and cow manure are excellent
substrates for biogas production. Previous co-
digestion studies have largely been conducted on lab-
scale, un-replicated pilot digester systems which are

highly specialized, expensive and difficult to
maintain (Gelegenis et al., 2007; Spajic et al., 2009;
Lansing et al., 2010). These digesters are mainly
inaccessible to smallholder farmers (Chara et al.,
2009; Lansing et al., 2010).

Despite the existing knowledge on biogas production
from agricultural wastes, there is insufficient
exploration of specific substrate combinations and
their effects on biogas production using different
digester types. Hence, the objective of this paper was
to explore the performance evaluation of fixed dome
(FXD) and floating drum digester (FLD) for the
production of biogas from the co-digestion of cow
dung (CD), poultry manure (PM), palm oil mill
effluent (POME)and water (WW).

MATERIALS AND METHODS
Construction of Fixed Dome and Floating Drum
Digesters: Two types of digesters, fixed dome and
floating drum, were constructed using 25 dm?® high-
density polyethylene (HD-PE) containers measuring
400 x 230 mm at the base and 275 mm in height to
replicate previous studies (Budiyono et al., 2010).
The fixed dome digester (Figure 1) was chosen for its
simple construction and gas storage, while the
floating drum digester (Figure 2) was selected for its
easy operation and immediate gas volume recognition
through the drum's position. Both digesters were
equipped with airtight inlet and outlet valves secured
with rubber and araldite adhesive. The outlet valves
were connected to long delivery tubes, through which
majority of the produced biogas flowed by pressure to
the water displacement setup.

Fig 1: Pictorial view of a fixed dome digester
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Fig 2: Pictorial view of floating drum digester

Substrates and Co-substrates: Fresh cow dung (CD),
well water (WW), and palm oil mill effluent (POME)
were provided by the University Teaching and
Research Farm at the Federal University of
Agriculture, Abeokuta, Ogun State Nigeria. Debris-
free layer birds poultry manure (PM) was sourced
from a commercial poultry farm at Alabata village.
The WW and POME served as co-substrates to
ensure proper substrate mixing.

Experimental Setup: Two concurrent sets of
experiments were conducted using different substrate
combinations. The first set involved co-digestion of
CD, WW, PM, and POME in various mixtures, tested
in fixed dome digesters. The second set used the same
substrate combinations but was carried out in floating
drum digesters. All treatments were exposed to direct
sunlight for four weeks, with each condition
replicated in duplicate-labelled digesters. The
digesters were loaded to 70% of their capacity,
resulting in a working volume of 18 dm3. Biogas
production was estimated using the water
displacement method (based on Archimedes'
principle) and measured with a calibrated cylinder.
The digesters were manually agitated daily to prevent
slurry settling and ensure proper homogenization.
Additionally, slurry temperature, pH and biogas
volume were measured weekly.

Flammability test: Methane which is a major
component of the biogas has combustible
characteristic. The presence of the methane was
tested by lighting flame on a gas lighter connected to
the digester.

Analytical Methods: The physicochemical parameters
of the substrates and biogas slurries were evaluated
using standard procedures (APHA, 2012). Parameters
analyzed include biochemical oxygen demand

(BOD), chemical oxygen demand (COD), total
organic carbon, moisture content, ash content, crude
protein, nitrogen content, carbon/nitrogen ratio, P,Os,
K,O and total solids. pH and temperature were
recorded with the aid of digital pH meter (Hanna Hl
98129).

Data Analysis: For statistical analysis SAS 2002
statistical package was used.

RESULTS AND DISCUSSION

Physical and chemical characteristics of raw cow
dung and poultry manure: Table 1 summarizes the
physicochemical characteristics of undigested cow
dung (CD) and poultry manure (PM) loaded to the
experimental digesters. Results showed that pH of
cow dung (7.07) was neutral while that of poultry
manure was in the alkaline range (8.80). The cow
dung pH was quite suitable for undergoing anaerobic
digestion process. This was due to the fact that the pH
was within the optimum level for anaerobic digestion
which ranged from 6-8 (Adebimpe et al., 2020). The
elevated pH of poultry manure may completely
inhibit methanogenesis. Hence, co-digestion of
poultry manure with cow dung would be significant
to minimize the risk of digester failure due to
consumption of volatile fatty acids. Neutral pH values
of 7.50 and 6.83 were also obtained by Ogunwande et
al., (2018) and Darwin et al., (2021) respectively for
cow dung. Meanwhile, high pH value of 9.14 was
reported by Boozhani et al., (2024) in chicken
manure. Poultry manure had significantly (p<0.05)
higher pH than cow dung.

The substrate temperature obtained was 28.40 and
29.37 °C in cow dung and poultry manure
respectively. This temperature was within the
mesophilic range of 25-35 °C considered optimal for
the  support of biological reaction rates
(Tchobanoglous et al., 2003). The non-significant
(p>0.05) difference observed in substrate temperature
showed that there was no heat exchange through the
digesters wall. A higher ash content (44.23%) was
recorded for cow dung than for poultry manure
(37.03%). Similar value (48%) was obtained by
Udosen et al., (2020) for cow dung, while Boozhani
et al., (2024) and Udosen et al., (2020) reported ash
contents of 17.7% and 26.8% for poultry manure
respectively. Cow dung had significantly higher ash
content than poultry manure. A lower moisture
content (55.78%) was recorded for cow dung than for
poultry manure (62.98%). This was in agreement
with the studies by Ojikutu and Osokoya, (2014) in
cow dung (57.21%) while results (97.8%) and
(86.50%) reported by Darwin et al., (2021) and
Boozhani et al., (2024) respectively, were higher than
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current studies. The higher moisture content of
poultry manure is crucial to ensure desirable moisture
levels during co-digestion (Karki et al., 2021).
Poultry manure has significantly (p<0.05) higher
moisture content than cow dung. The C:N ratio is
used as an index of the decomposition rate i.e.
suitability of organic feedstock for methanogenic
bacteria. Optimum carbon to nitrogen ratios in
anaerobic digesters is between 20 and 30 (Ojikutu
and Osokoya, 2014). A high C:N ratio is an
indication of a rapid consumption of nitrogen by the
methanogens and result in a lower gas production. On
the other hand, a lower C:N ratio causes ammonia

948

accumulation and pH values exceeding 8.5, which is
toxic to methanogenic bacteria. Optimum C:N ratio
of the feedstock materials can be achieved by mixing
substrates having low and high C: N, such as cow
dung and poultry manure. The C:N ratios of both
substrates were below the optimal range of 20 and 30
reported for anaerobic digestion (Ojikutu and
Osokoya, 2014). Significant differences (p<0.05)
were observed in ash content, moisture content,
organic matter and pH while organic carbon, C: N
ratio, and temperature values were not different
significantly (p>0.05) in both manures.

Table 1: Physicochemical properties of undigested cow dung and poultry manure

N Mean Std. Deviation Minimum Maximum F Sig.
% Ash CD 3 44.23 143 42.80 45.65 72.843 .001 Sig.
PM 3 37.03 0.32 36.71 37.35
% M.C CD 3 55.78  1.43 54.35 57.20 72.800 .001  Sig.
PM 3 62.98 0.33 62.65 63.30
% 0.M CD 3 3243 083 31.60 33.26 72.300 .001  Sig.
PM 3 36.61 0.19 36.42 36.80
%0.C CD 3 29.09  10.05 19.04 39.13 1.965 234 Not Sig.
PM 3 20.86 1.59 19.27 22.44
C: N Ratio CD 3 7.85 2.54 5.31 10.38 4322 .106 Not Sig.
PM 3 11.03 0.78 10.25 11.81
Temp. (°C) CD 3 28.40 0.30 28.10 28.70 1.646 .269 Not Sig.
PM 3 29.37 1.27 27.90 30.10
pH CD 3 7.07 0.06 7.00 7.10 208.000 .000  Sig.
PM 3 8.80 0.20 8.60 9.00
Sig.-significant
Table 2: Effect of co-substrate and digester types on biogas parameters
N Mean sD Min Max t-test Sig.
Temp Floating 40  31.42 259 2780  35.60 9.004 .004  Sig.
(°C) Fixed 40  32.89 173 2820  36.00
= pH Floating 40 6.71 0.73 5.30 8.20 A73 494 Not Sig.
2 Fixed 40 6381 051  5.90 7.90
= Gas (dm®) Floating 40  5.63 2.86 1.80 18.00 7.316 .008  Sig.
Fixed 40 8.18 5.22 0.25 20.00
Temp Floating 40 33.57 2.56 28.80 36.70 11.127 .001 Sig.
w °0 Fixed 40 3173 235 2760 3540
= pH Floating 40 6.37 0.75 5.30 8.60 2.641 .108 Not Sig.
Q Fixed 40  6.09 0.75 480 8.10
Gas Floating 40  8.05 561  0.00 24.00 3.047 .085 Not Sig.
(dm®) Fixed 40  6.08 442 050 18.00

Sig.-significant

Effect of co-substrate and digester type on biogas
parameters: The effects of co-substrate and digester
types on biogas parameters was presented in Table 2.
In the water/manure treatment, fixed dome digesters
substrates exhibited significantly higher temperature
values (32.89°C) and biogas volume (59%) than
floating drum digesters, whereas, in POME/manure
treatments, the table also demonstrates a significant
difference (p<0.05) in the mean temperature
(33.57°C) under floating drum conditions, which is
consistently higher than under fixed dome conditions.
Also, there was no significant difference between the
gas volume produced by the digesters under floating
drum and fixed dome conditions, though floating

drum digester exhibited a slightly higher value (57%).
This means that, depending on digester availability,
either fixed dome or floating drum digesters are
appropriate for biogas production while co-digesting
cow dung, poultry manure and POME. It also implies
that fixed dome digester is best suited for co-
digestion of cow dung and poultry manure with water
while floating drum digester is most suitable for
mixing POME with cow dung and poultry manure
towards achieving maximum biogas production. The
pH readings for both  water/manure and
POME/manure treatments were close to neutral and
were not significantly different. This implies that the
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pH level of both mixtures remains unaffected by
digester type, whether floating drum or fixed dome.

Effect of co-substrate only on biogas production:
Figures 3-5 summarizes the sole influence of co-
substrate on biogas production. The co-substrate
temperatures were similar (32-33°C), indicating
mesophilic thermal range operation. There was no
significant temperature difference (p > 0.05) between
water-added and POME-mixed substrates, though
POME-added substrate exhibited a slightly higher
value. The pH of water-added manure was
significantly higher (p<0.05) than that of POME-
mixed manure, while gas volume from both water
and POME-added substrates did not significantly
differ.
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Fig. 3: Effects of co-substrate only on temperature
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Fig. 4: Effects of co-substrate only on pH
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Fig. 5: Effects of co-substrate only on biogas volume

Temporal biogas parameter variations using water
and POME as co-substrates: Figures 6-8 presents
temporal biogas parameter variations for both water
and POME-added substrates over a period of four
weeks. POME/manure treatment  consistently
increased in temperature during the retention period.
However, in water/manure treatment, temperature
increased up to the second week, slightly decreased
by the third week, and then increased again by the
fourth week. Throughout the anaerobic digestion

period, both digesters maintained mesophilic
temperatures.

39.0 - Temperature

37.0 [

35.0 - T T

33.0 -
% /

31.0 I

29.0 - Water

270 1 J POME

25.0

Week 1 Week 2 Week 3 Week 4

Fig. 6: Temporal variations of temperature using water and POME
as co-substrates

The pH of the water-manure mixture remained stable
over time, while the POME-manure mixture
exhibited a decline until the second week before
stabilizing by the fourth week. In water-manure
treatments, biogas production peaked during the first
week, declined until the third week, and increased
again by the end of the retention time. Conversely,
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biogas production in the POME-manure mixture
peaked in the second week, decreased in the third
week, and increased again by the end of the
experiment.
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Fig. 7: Temporal variations of pH using water and POME as co-
substrates
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Fig. 8: Temporal variation of biogas volume using Water and
POME as co-substrates

Test for Methane in the Biogas Produced: Biogas was
tested and was confirmed to be combustible (Figure
9). An orange-colored flame glowed and this lasted
for several minutes. Presence of impurities in the
biogas was responsible for the flame color.

Manure Contents in Digested Slurry: Table 3
displays the manure contents (N, P, K) in the digested
slurry obtained from both digesters.

950

Biogas slurry has been shown to contain a significant
concentration of macro and micronutrients in forms
that are easily accessible, which are essential for the
growth and development of plants (Kumar et al.,
2015; Cao et al., 2016).

Fig. 9: Testing the flammabilityof produced biogas

The fixed dome digester exhibited a maximum
nitrogen content of 2.54%, while the floating drum
digester had a nearly identical nitrogen content of
2.53%. Phosphorus content in the digested slurry was
highest at 1.76% in the floating drum slurry,
compared to 1.25% in the fixed dome slurry.
Additionally, the potassium content in the slurry from
both digesters was 7.68% in fixed dome and 50.41%
in floating drum digesters. The N, P, K contents
obtained in this study were higher than that reported
by Liang et al., (2021) for animal wastes fermentation
residues; Marchioro et al., (2018) in solid state
anaerobic digestion of poultry litters and Ayedun et
al., (2023) from poultry waste modified with sawdust.
This can be traced back to the different substrate
types used. Nitrogen content in both digester slurries
were below the WHO, (2006) limit while phosphorus
and potassium concentrations recorded in fixed dome
digesters falls within the WHO, (2006) standard.
Meanwhile, potassium contents in floating drum
digesters slurries were higher than values reported by
WHO. These digested slurries are considered high-
quality organic manure which may be suitable for
replacing chemical fertilizers in agricultural crop
production systems, maintaining soil health, and
promoting organic farming.

Table 3: Nitrogen, phosphorus and potassium contents in digested slurry

Parameter FXD digester FLD digester WHO Limit
slurry slurry (2006)

Nitrogen (N), % 2.54+0.06 2.53+0.10 10-30

Phosphorus (P), % 1.25+0.09 1.76+0.08 1-10

Potassium (K), % 7.68+0.68 50.41+43.04  1-10
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Conclusion: In biogas production, co-digestion of
cow dung and poultry manure with water
outperformed co-digestion of cow dung and poultry
manure with POME in fixed dome digesters. Both
well water and POME are well suited as co-substrates
during biogas production. For small holder farmers
and rural dwellers with access to water, co-digestion
of cow dung and poultry manure using fixed dome
digester is recommended while those with access to
POME may co-digest cow dung and poultry manure
in floating drum digester for maximum biogas
production. The N, P and K contents of the biogas
slurry were mostly within the WHO recommended
limit for wastewater.
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