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Abstract

The objective of this study is to compare the use ofwetanddry wastes as substrates for anaerobic digestion and its
effect on biogas yield. Different quantities of substrates and co-substrates (wet and dried) were weighed and mixed
vigorously with corresponding quantity of distilled water to form the fermentation slurry in the digesters; the
digesters were operated at 45°C in batch anaerobic digesters for 25 days. The results showed that the average
volume of biogas obtained from the dried animal wastes co-digested with dried fruit wastes and wet animal wastes
co-digested with wet fruit wastes was found to be 0.2928 kg and 0.0972 kg per day respectively. When the
fermentation process was performed with dried animal wastes only and wet animal wastes only the value of the
average volume of biogas obtained were calculated to be 0.1508 and 0.0892 kg per day respectively. Thus biogas
yield using dried substrates comparatively gave a better biogas yield than wet substrates. In conclusion, the use of
dried wastes for biogas production suggests superior energy recovery, saving resources and engineering
investment as compared to the use of wet wastes as substrates.
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Introduction

Biogas is a non polluting and clear combustible gas
consisting mainly methane that can be produced
through fermentation of organic material such as
agricultural wastes (animal and fruits), biomass
wastes, green wastes, municipal waste and energy
crops under anaerobic condition (usmanet al.,
2012).Generations of animal and fruit wastes are
increasing due to the rate of industrialization,
population growth and community development and
these wastes constitute environmental nuisance.
Utilization of these wastes for biogas production will
address the major environmental pollution posed by
these wastes. The composition of manure and fruit
wastes from different animals and fruit wastes varies
over the world. The animal and fruit wastes contain
lignin, hemicelluloses carbon, and crudefiberand
protein. The cattle manure has higher carbon content
if it is in solid form (Budiyano et al., 2010) while in
liquid form it contains more nitrogen (moller et al.,
2004). The chicken and pig manure contain more
protein than cattle manure (Litorell and Persson,
2007). Fermentation of biodegradable materials
provides solution to global concerns such as
renewable energy production, how to manage human,
animal, agricultural municipal and industrial waste,
controlling environmental pollution and recycling of
nutrients back to soil(Marchaim, 2002, Prakash,
2011). The amount of calorific value of biogas
depends on the percentage of methane in the
biogas(Raja and Lee 2012; Ziana and
Rajesh,2015).The raw materials or organic materials
used for biogas production maybe in wet or dried
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form. Sometimes it require pretreatment to increase
the methane yield in the fermentation process. Pre-
treatment Kkills the pathogenic micro-organism, it
create total surface area for the organism can
penetrate so that degradation will be easy and
increase in biomethane yield and also drying the
solids reduces the volumetric load in the
digester.Pretreatment could be done in any of the
following ways:ensilage of feed, drying of feed,
ultrasonic  pretreatment and  thermochemical
pretreatment (Yadvika et al., 2004). Co-digestion of
different materials gives better performance,
digestibility, and increased biogas yield due to the
additional nutrients for the micro-organisms (Alvarez
and Liden, 2008).The volume of biogas generated is
low (Mallick et al., 2000). However, some attempts
have been made in the past to increase volume of
biogas generated by using pretreatment and non
pretreatment wastes under different operation
conditions (Yadvika et al., 2004). In order to improve
on the biomass conversion efficiency and the yield
the wastes use for the production must be improved
in either pretreatment or non pretreatment. Several
studies on effect of wet manure and dried manure on
biogas production have reported previously that there
are some remarkable problems with the process of
using wet manure as substrate for biogas production
including larger fermenter size, requirement of liquid
source, and slurry handling problem (Jha et al,
2010). Also Ajayet al., 2013 discovered that the
methane yields in the dry anaerobic digestion process
were found comparable to the conventional wet
anaerobic digestion process. Furthermore, the volume



AworantiO.A. et. Al./LAUTECH Journal of Engineering and Technology 10(1) 2016: 88-93

of the reactor was increased twice in the wet
fermentation process (7.68% TS) of cow dung
compared to the dry fermentation (15.18% TS) at the
same loading rate. It was also suggested that dry
methane fermentation process was superior in energy
recovery, saving resources and engineering
investment compared with wet fermentation process.
Therefore, pretreatment (dried or wet) of wastes is a
very important parameter to be considered in the
design for biogas production. Nevertheless, cost-
effective and environmentally friendly methods of
enhancing biogas yield still need to be further
investigated. However, to the best of the authors’
knowledge there is little or no information on
comparing biogas yield from using dry substrates and
wet substrates. Therefore, the objective of this study
is to compare the quantity of biogas produced from
non pretreatment wastes (wet animal wastes co-
digested with wet fruit wastes)and pretreatment
wastes (dry animal wastes co-digested with dry fruit
wastes).
Materials and Methods
Sample Collection and Feedstock Preparation

The Animal wastes (cattle dung, pig dung
and poultry droppings) were collected from
LAUTECH farm, Ogbomoso, Oyo State, Nigeria.

The rotten fruits (mango, orange and pineapple
wastes) were collected from Bodija market, while the
inoculum (chicken rumen) was collected from
Mokola market, both in Ibadan, Oyo State, Nigeria.
The animal wastes served as the substrates while the
rotten fruits excluding their seeds served as the co-
substrates. The substrates (animal wastes) and co-
substrates (fruit wastes) were prepared according to
the method described by lyagbaer al. (2009). The
substrates and co-substrates were washed, sun dried
for twenty days, oven dried at 100 °C for 24 h in
order to reduces the volumetric load in the digester
and alsocreate total surface area for the organism to
penetrate so that degradation will be easy, thereafter
crushed mechanically using a mortar and pestle to
ensure homogeneity. Cow dung, pig dung, and
poultry droppings (mixed together) were used as
main substrates while mango,orange, and pineapple
fruit wastes mixed together were used as co-
substrates. The wastes used under non pretreatment
were not dried. Different quantities of substrates and
co-substrates (wet and dried) were weighed and
mixed vigorously with corresponding quantity of
distilled water to form the fermentation slurry in the
digesters which are shown in Table 1

Table 1: Composition of Materials in Each Digester at Different Total Solid Content

Substrate
(kg)
Sample Digester Cattle Pig dung | Poultry Orange Mango Pineapple | Water
dung droppings | waste waste waste
T1 DI 1.3 1.3 1.3 1.3 1.3 1.3 4
T2 D2 1.3 1.3 1.3 1.3 1.3 1.3 4
T3 D3 2.6 2.6 2.6 N/A N/A N/A 4
T4 D4 2.6 2.6 2.6 N/A N/A N/A 4

T, = mixture of dried animal waste, all the three dried fruits waste, and water (W
T, = mixture of wet animal waste, all the three wet fruits waste, and water (W)

T; = mixture of dried animal waste only

T4 - mixture of wet animal waste onlyNA = not applicable

Biomethane Experimental Procedure and Set-Up.

The experimental rig used for this study was
set up according to the method of Umar et al.
(2013).The set-up is shown in plate 1. The digesters
were set up for this research work to handle the
combination of the feed substrate. The digesters had
inlet and outlet valves on the lid with two rubber
hoses connected to them; one for injection of feed
substrates and the other connected to the improvised
gas bag for the collection of the biogas produced. The
hose for feeding and collecting sludge samples was
clamped with a clamp in order to keep air out and air
in while the other hose that was connected to the
improvised gas bag was made airtight and has a
three-way valve that can be opened to collect gas
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samples. A stirring mechanism operating at a speed
range of 10 to 100 rpm about 5 cm below the liquid
surface level was in all digesters to mix the
feedstock, thereby leading to increased biogas
production. The digesters were loaded with prepared
slurry as shown in Tables 1.The working capacity of
the digesters was kept at 12 kg, while all digesters
had the same volume, initial mixture, retention time
(25 days)and were operated at constant conditions
(temperature (45°C), agitation(30 rpm), pH(7.5), 2:1).
As biogas production commenced in the fermentation
chamber (digester), it was delivered into an
improvised gas bag and the gas produced was
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measured by means of weighing scale according to
the method of Umar et al. (2013).

Results and discussion

Comparisons of Daily Biogas Yield from Dried
Animals Waste Co-digested with Dried Fruit
Wastes and Wet Animals Waste Co-digested with
Wet Fruit Wastes

Figure 1 shows the volume of biogas produced from
dried animal wastes (cow dung, pig dung and poultry
droppings) co-digested with dried fruit wastes
(pineapple, mango and orange wastes) and wet
animal wastes (cow dung, pig dung and poultry
droppings) co-digested with wet fruit wastes. The
digester with dried animal wastes (cow dung, pig
dung and poultry droppings) co-digested with dried

fruit wastes (pineapple, mango and orange wastes)
produced biogas whose volume increases from 0.11
and has maximum production on the 7th day and
again a peak performance on thel4th day there is a
fluctuation in the production between the 14th and
23th day after which it declined while the digester
with wet animal wastes (cow dung, pig dung and
poultry droppings) co-digested with wet fruit wastes
(pineapple, mango and orange wastes) produced
biogas whose volume increases from 0.05 and has
maximum production on the 5th day and again a peak
performance on thel2th day there is a fluctuation in
the production between the 13th and 21st day after
which it declined.
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Figure 1: Comparisons of Daily Biogas Yield from wet and dried animals waste co-digested with fruit wastes.

The values of the average volume of biogas obtained
from the dried animal wastes co-digested with dried
fruit wastes and wet animal wastes co-digested with
wet fruit wastes are calculated to be 0.2928 and
0.0972 kg per day respectively. It was observed that
there was an increased in the rate of digestion of
dried animal wastes co-digested with dried fruit
wastes than wet animal wastes co-digested with wet
fruit wastes. It was suggested that drying the wastes
for biogas production will create total surface area for
the micro organism to penetrate so that degradation
will be easy and also it reduces the volumetric load in
the digester. Also drying of the wastes kills the
pathogenic micro-organism. A similar observation
has been reported by Ajay et al., 2013 also
reportedthat dry methane fermentation process was
superior in energy recovery, saving resources and
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engineering investment compared with  wet

fermentation process.

Comparisons of Daily Biogas Yield from Dried
Animals Waste Only and Wet Animals Waste
Only

Figure 2shows the volume of biogas produced from
dried animal wastes (cow dung, pig dung and poultry
droppings) and wet animal wastes (cow dung, pig
dung and poultry droppings) only. The digester with
dried animal wastes (cow dung, pig dung and poultry
droppings) only produced biogas whose volume
increases from 0.05 and has maximum production on
the 7th day and again a peak performance on thel2th
day there is a fluctuation in the production between
the 12th and 21th day after which it declined.
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Figure 2: Comparisons of Daily Biogas Yield from wet and dried animals waste only

While the digester with wet animal wastes (cow
dung, pig dung and poultry droppings) only produced
biogas whose volume increases from 0.01 and has
maximum production on the 7th day and again a peak
performance on thel1th day there is a fluctuation in
the production between the 12th and 21st day after
which it declined.The values of the average volume
of biogas obtained from the dried animal wastes only
and wet animal wastes only are calculated to be
0.1508 and 0.0892 kg per day respectively. It was
observed that there was an increased in the rate of
digestion of dried animal wastes than wet animal
wastes only. Pavan et al. (2000) has reported that the
use of dry waste for fermentation process offers great
advantages like utilization of wastes in its produced
form, no requirement of liquid source, high organic
loading rate, smaller digester, no liquid effluent, no

requirement of purification of effluent and the likes
Moreover, the use of dry wastes for methane
fermentation process eliminates need for additional
liquid and is considered as capable of producing
higher methane production per m’ volume of the
bioreactor. The dry methane fermentation process
stabilizes the organic solid wastes without dilution or
using limited amount of water.

Cumulative Biogas Yield

Figure 3, shows the comparison of cumulative biogas
yield from dried animal wastes (cow dung, pig dung
and poultry droppings) co-digested with dried fruit
wastes (pineapple, mango and orange wastes) and
wet animal wastes (cow dung, pig dung and poultry
droppings) co-digested with wet fruit wastes.
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Figure 3: Accumulated Biogas production from animals waste co-digested with fruit wastes

It is seen that the digester with dried animal wastes
(cow dung, pig dung and poultry droppings) co-
digested with dried fruit wastes (pineapple, mango
and orange wastes) has the highest yield with values
of 7.32 kg/day while wet animal wastes (cow dung,
pig dung and poultry droppings) co-digested with wet
fruit wastes has 2.43 kg /day. This shows that
pretreatment of wastes before the production will
result into more gas production.Figure 4 also shows
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increase, however, dried animal wastes (cow dung,
pig dung and poultry droppings) only has the highest
cumulative biogas yield, with value of 3.77 kg/day.
This results as a consequence of the non introduction
of fruit wastes whose action led to less gas
production. Thus wet animal wastes (cow dung, pig
dung and poultry droppings) only has least value of
2.23 kg/day, This results as a consequence of the non
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introduction of fruit wastes and non pretreatment of

waste whose action led to less gas production.
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Figure 4: Accumulated Biogas production from dried and wet animals waste only

Conclusion

Pre-treatment (drying) is one of the physical factors
used to improve the anaerobic degradation of
agricultural materials. The study reveals that
anaerobic digestion can occur using the wastes in
both dried and wet forms. Anaerobic digestion rate is
fast when using dried wastes as substrates. The
presence of fruit wastes caused the production of the
biogas to be higher. The addition of fruit wastes
increased the amount of yield of biogas. Wet
fermentation process required larger reactor volume
and higher energy to maintain the temperature of the
reactor for the same loading rate.
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