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ABSTRACT: In this study, the association between biogas qulaity and digester temperature
for selected animal dung-aided water hyacinth digestion mixes was evaluated. Substrates
utilized in this study are water hyacinth (WH), poultry manure (PM) and cow dung (CD) and
pig dung (PD). Thirty-one (31) co-digestion mix ratios were used in this study. The
temperature ranged from 28.6 to 32.2 0C for the PD-aided WH digestion, 28.2 to 31.4 0C for
the CD-aided WH digestion and 28.2 to 31.8 0C for the PM-aided WH digestion. This shows
that the digestion process occurred within the mesophilic temperature range. The data
obtained were analyzed using non-linear parameter estimation. The results revealed that the
PM-aided WH mix produced more gas but with less methane content compared to the CD-
aided and PD-aided WH digestion mix. The results further revealed that the best quality of
gas produced by the PD-aided WH digestion. The association between the temperature and
gas quality was positive suggesting that an increase in temperature within the digestion leads

to an increase in the quality of gas produced.
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Temperature is a key process parameter that influences
the design of anaerobic digesters as well as gas
production rate during anaerobic digestion. Depending
on prevailing conditions, methane can be produced
within a fairly wide range of temperature. Biogas can
be produced in temperature conditions that are
psychrophilic (-10°C to 30°C), mesophilic (20°C to
50°C) and thermophilic (50°C to 75°C) (Parker et al.,
2002; Shuler and Kargi, 2002; Deublein and
Steinhauser, 2008). Ojo et al. (2018) carried out a
multiple regression analysis to examine the
determinants of cumulative volume of gas produced
from different co-digested mixes of PD and WH. From
that study, the temperature ranged from 28.6 to 32.2
°C for the PD - aided WH digestion. This shows that
the digestion process occurred within the mesophilic
temperature range, which, according to Wang et al.
(2009), is ideal for Anaerobic Digestion. Mesophilic
and thermophilic conditions present different reactor
design and operational advantages and drawbacks.
During thermophilic digestion both greater destruction
of pathogens and higher substrate degradation can be
achieved, but the microbe population is more sensitive
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to environmental conditions such as temperature
fluctuations, changes in organic loading and pH
(Angelidaki et al., 2007; Chen et al., 2008; Gerardi,
2003; Poliafico, 2007). In addition, thermophilic
conditions require a large amount of heat energy that
reduces the net energy production (El-Mashad et al.,
2004). According to Parker et al. (2002), Ward (2008)
and Angelidaki ef al. (2007), most anaerobic digesters
are designed to operate in either the mesophilic or
thermophilic temperature respectively range (with
optima at 35 and 55 °C) to maximize biogas yield. The
importance of system stability, hydraulic retention
time of the substrate, solids retention time and
pathogenic bacteria destruction will determine if a
mesophilic or thermophilic process temperature is
targeted. Knottier (2003) reported that the process of
anaerobic digestion runs at its optimum temperature
range of 25 to 38°C (mesophilic conditions), where
temperatures near to 38°C have resulted in greater
stability of the digestion process. Likewise, a
mesophilic treatment at 38°C reportedly destroys
99.9% of pathogens (Erickson et al., 2004). The
process pH, operating pressure, and biogas quantity
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and quality are monitored, along with temperature, to
maintain the stability of the system and to promote a
healthy population of the methane producing bacteria.
Abdel-Hadi and El-Azeem (2008) stated that biogas
and methane production were positively correlated
with temperature. In general, high temperature gives a
higher methane production rate. Regardless of the
operating temperature, the process of AD generates
two main products. These products are digested
organic material and biogas. The digested organic
material, or effluent, is typically referred to as
digestate and is comprised of solids that are applicable
as a nutrient rich soil amendment material and liquor
that has a high phosphorous and nitrogen value and
can be applied as a nutrient rich liquid fertilizer. Parker
et al. (2002) discovered that the volume of biogas
produced in earthen reactors was reduced during
winter months. Parker ef al. (2002) recommended an
operating temperature in the middle of the mesophilic
temperature range for improved performance with a
high solids anaerobic digester using cattle manure.

Parker et al. (2002) also recommended that heat be
provided to the digester during cooler months to
ensure the target temperature and biogas production
performance was maintained. According to Rastogi et
al. (2008) the ambient temperature has a great
influence on the methanogenic community in biogas
reactors, although constant temperature is of high
priority in any biogas fermenter. Most of the
methanogenic  microorganisms belong to the
mesophilics. Only a few are thermophilic.
Methanogenics are sensitive to rapid changes of
temperature. Thermophilic methanogens are more
temperature-sensitive than mesophilics. In general, the
energy balance is better in the mesophilic range than
in the thermophilic range (Deublein and Steinhauster,
2008). In this study, the association between biogas
qulaity and digester temperature for selected animal
dung-aided water hyacinth digestion mixes was
evaluated.

MATERIALS AND METHODS

Sample collection:The substrates utilized in this study
are water hyacinth (WH), poultry manure (PM), cow
dung (CD) and pig dung (PD). WH was harvested
from a private pond in Akure, Ondo State while PM,
CD and PD were collected from the animal farm of the
Federal University of Technology, Akure. Thirty-one
(31) co-digestion mix ratios were used in this study.
The mix ratios were selected using fractional factorial
analysis.

Sample preparation: Fresh water hyacinth (leaves,
stem and root) on collection were chopped to small
sizes of about 2 cm as shown in Plate 1.

Plate 1: Chopping of WH

The feedstocks were appropriately weighed. Plate 2
shows the weighing of cow dung. As suggested by
Tchobanoglous ef al. (2003) and Fekadu (2014), the
substrates were mixed with appropriate amount of
water in order to achieve the recommended 8% of total
solids content in the fermentation slurry. The quantity
of water added was determined using equation 1.

mTS—-8% X
8%

Y= )

Where, mTS is the mass of total solids, X is the mass
of fresh substrate, Y is the mass of water added to get
8% total solids in the digester

Plate 2: Weighing of dung

Sample analysis: 25 litre capacity plastic prototype
digesters were used in this study (Ojo, 2017) and each
experimental run was assessed over a period of 40
days.The digesters had a thickness of 2 mm, height of
400 mm and width of 320 mm. The total volume
digester (VDC) was calculated shown in equation 2:
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TVD = 25 L )

But the Volume of the Digestion Chamber (VDC)
should be % the TVD to allow for gas collection.

Therefore, VDC was calculated using equations 3 and

4

VDC = 2 x TVD 3)

VDC = 2x25 =1875L (4)

One-fourth of the TVD should be allowed for gas
collection, hence, the Volume of the Gas Chamber
(VG) was calculated using equations 5 and 6.

VG = % x TVD )
VG = 1x25=625L (6)

The temperature within the digester was measured
using a mercury thermometer calibrated in degree
centigrade. The quality of the gas produced was
determined using a locally fabricated potassium
hydroxide (KOH) solution biogas determination
apparatus. The apparatus was designed according to
procedures specified by Abdel-Hadi (2008). The
apparatus was fabricated using locally available
materials. The apparatus consists of a U-tube glass
with an internal diameter of 13 mm. The tube was
filled with KOH solution to a height of 200 mm each
on both legs. The U-tube was hitched with a tap to
adjust the level of solution after removal of CO,. The
tube was fitted with an inlet for receiving biogas from
the digester and with a gas outlet to release the
methane gas after the removal of CO,. The CO; in the
biogas was absorbed by the KOH solution leading to
an increase in the volume of the solution. The increase
in volume was taken as the volume of CO; in the
biogas sample. The apparatus is shown in Plate 3. The
percentage of CO, was calculated using equation 7.

V-V
V1

% volume of CO, = x 100 (7)

Where V; is the volume of biogas before removal of
CO,, ml; V> is the volume of methane and the other
gases after removal of CO,, ml.

The percentage of CHs was calculated using equation
8.

% volume of CH, = 100 — [CO2% + 3% (H>S and
the other gases ®)

Where 3% is the average of H»S and the other gases
percentage. The percentage volume of H»S and other
gases is 1-5 % (GTZ-GATE, 1999)

Plate 3: Biogas determination apparatus

Data analysis: The results obtained from the
experiments were analyzed using IBM SPSS Statistics
22.  Analysis of variance (ANOVA) test was
conducted to determine whether there is a significant
difference between the biogas quality and temperature
within the digester. A Post-Hoc test using Duncan
multiple range test was conducted to identify the
difference in the relationship that exist between the
variables. A multiple regression analysis was carried
out to examine the relationship between biogas quality
and temperature for the mixes of the animal dung
aided WH digestion.

RESULTS AND DISCUSSIONS
Association between biogas quality (%CHy) and
Temperature: The temperature at which digestion
occurs can significantly affect the biogas production in
terms of the conversion, kinetics, stability and
consequently the methane yield. The temperature
ranged from 28.6 to 32.2 °C for the PD-aided WH
digestion, 28.2 to 31.4 °C for the CD-aided WH
digestion and 28.2 to 31.8 °C for the PM-aided WH
digestion. This shows that the digestion process
occurred within the mesophilic temperature range,
which is ideal for AD as this temperature range
adequately supports microbial activities within the
digester (Wang et al., 2009). The results obtained for
the mixes revealed a strong association between the
temperature within the digester and the quality of the
gas produced. The correlation was statistically
significant at 1% which means that the temperature
within the digester clearly affects the quality of the gas
produced with up to 99 % confidence level. The
association between the temperature and gas quality
was positive (as shown in Figures 1, 2 and 3), implying
that an increase in temperature within the digestion
leads to an increase in the quality of gas produced.
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Fig 1: Association between biogas quality (%CH,) and
Temperature for PD-aided WH digestion
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Fig 2: Association between biogas quality (%CH,) and Temperature
for CD-aided WH digestion
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Fig 3: Association between biogas quality (%CH,) and
Temperature for PM-aided WH digestion

The results corresponds to those recorded Ntengwe
(2010) but are at variance with those recorded by
Adegunloye et al. (2013). Dobre et al. (2014) affirmed
that temperature within the digester is critical to the
AD process, it has a strong influence on the quality of
the produced biogas. The results also revealed that the
PM-aided WH mix produced more gas but with less
methane content compared to the CD-aided and PD-
aided WH digestion mix. The results further revealed
that the best quality of gas was produced by the PD-
aided WH digestion.

Conclusion: The association between biogas quality
and fermentation temperature for mix ratios of co-
digested WH with PD, CD and PM on biogas
production was evaluated. The data obtained were
analyzed using non-linear parameter estimation. The
association between the temperature and gas quality
was positive suggesting that an increase in temperature
within the digestion leads to an increase in the quality
of gas produced. Decisively, the temperature within an
anaerobic digester is important in anaerobic digestion
and has a strong influence on the quality of the
produced biogas.
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