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ABSTRACT

Laboratory-scale digesters were constructed to investigate the effect of
digester shape (horizontal and vertical) and substrate type, cattle dung
(CD), chicken manure (CM) as mono-digestion and a mixture of them
(50% CD+ 50% CM, w/w) as co-digestion on quantity and quality of
biogas produced. The experimental work was carried out at 20+3 °C
(winter season), 29+3 °C (summer season) and 38t1 °C (heating
treatment) through digestion period of 60 days.

The results showed that, the highest value methane 68.1% (by volume) was
obtained from the vertical digester of fed with CD+CM at summer
temperature. On the contrary, the lowest value of methane 42.0% was
obtained in the horizontal digesters fed with CM alone under heating
temperature. The highest value of specific methane production rate of 238
L kg™VS added per day was obtained from the horizontal digesters fed
with CD+CM at summer temperature, while the lowest rate of 32
L kg™VS added per day was observed in the horizontal digesters fed with
CM alone under heating temperature.

INTRODUCTION
The yearly wet manure production from cattle; chickens, ducks and

turkeys are about 11 million-ton in Egypt (FAO, 2001). The
anaerobic digestion for treatment of organic wastes and biogas
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production is an environmentally attractive technology. It has environmental
benefits including providing an indigenous and renewable energy source,
reducing air pollution, reducing water pollution, combining organic waste
treatment with recycling of plant nutrients and improving the fertilizer
quality of farm manures, thus increasing the substitution of chemical
fertilizers (Tafdrup, 1995).

The cattle dung is the most suitable material for biogas plants because of the
methane producing bacteria already contained in the stomach of ruminants.
However the specific gas production is lower and the proportion of CHy is
around 65% because of pre-fermentation in the stomach (GTZ, 1999) and
the average CHy yield of 0.20 — 0.25 m® kg™VS added (Hartmann et al.,
2000). Whereas the higher nitrogen content of poultry wastes as compared to
manures from other farm animals make them difficult substrate for anaerobic
digestion (Salminen and Rintala, 2002,). Ammonia produced in protein
degradation may cause problems in anaerobic digestion as unionized
ammonia inhibits anaerobic microorganisms, particularly methanogenes
(Angelidaki and Ahring, 1993). Therefore, the co-digestion of poultry
wastes with dairy manure provides the necessary nutrients and buffer
capacity and proved to be very successful way for improving biogas
production (Weiland, 2000).

Lusk (1999) stated that, the plug-flow digesters usually operate within the
mesophilic temperature range, with a hydraulic retention time (HRT) of 20 to
30 days, depending on characteristics of the waste and operating temperature.
Sanchez et al. (2000) studied the effect of temperature and pH on the
kinetics of CH,4 production in the batch anaerobic digestion of cattle manure.
They found that the methane yield decreased when temperature was
increased from 35 to 60 °C at values of 7.0 and 7.6 pH. The methane-
producing bacteria live best under neutral to slightly alkaline conditions,
which have different optimal pH ranges. Methanogenic archea can function
in quite narrow pH interval from 5.5 to 8.5 with an optimal range of 6.5-8.0
(Nielsen, 2006).

Anaerobic digestion microorganisms utilize carbon 25-30 times faster than
nitrogen. Thus to meet this requirement, microbes need a 20 to 30:1 ratio of
C to N with the largest percentage of the carbon being readily degradable
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(Bardiya and Gaur, 1997). Zennaki et al. (1996) stated that, the ordinarily
7-9% TS concentration is best-suite.

The objective of this study is to investigate the effect of digester shape and
substrate type on biogas production under different digestion temperatures.

MATERIALS AND METHODS

2.1. Bench-scale biogas digester

Horizontal and vertical cylindrical biogas digesters were constructed in the
work shop of the Agricultural Engineering Department, Faculty of
Agriculture, Suez Canal University to investigate the experimental
parameters under study. Schematic diagram of horizontal and vertical biogas
digesters are shown in Fig (1).

Each digester was fabricated from galvanized steel sheet of 1.5 mm
thickness, 450 mm long and 250 mm diameter with total capacity of 22 liters
and digestion volume of 17 liters. It has inlet and outlet tube for feeding by
organic wastes and rejecting the digested materials. To follow up the
digestion processes, the digester was provided by two orifices, one to release
the produced gas and another for the pH-temperatures measurements. The
heating unit consists of electrical water heater with supplement thermostatic
electrical heater and suction pump 90-Watt motor assembled with an
insulated water tank. The form of heating unit beside the close cycle
serpentine is shown in Fig. (1).

2.2. Substrates

Cattle dung (CD) and chicken manure (CM) were taken from the Research
Farm of Agriculture Faculty, Suez-Canal University. Table (1) illustrates
chemical analysis of raw chicken manure and cattle dung.
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Fig. (1): Schematic diagram of the horizontal and vertical bench-scale biogas digester.
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Table (1): Chemical analysis of raw cattle dung and chicken manure

Chemical analysis Cattle dung (CD) Chicken manure (CM)
pH* 8.34 8.01
Total solids (TS), % 17.3 21.7
Volatile solids (VS), % 12.1 13.1
Volatile solids, % as TS 69.9 60.2
Ash, % as TS 30.1 39.8
Organic carbon dry, % 40.5 34.9
Total nitrogen, % 1.95 4.10
C:N ratio 20.8:1 8.51:1
Carbohydrate, % (d. TS) 50.18 23.7
Raw protein, % (d. TS) 12.2 25.6
Raw fat, % (d. TS) 7.52 10.9

* In manure-water suspension (1:2.5)

The calculation of the total solids (TS %) of cattle dung and chicken manure
were 17.3% and 21.7%, respectively. Due to the high content of total solids
and its negative effect of biogas production, the cattle dung and chicken
manure were diluted by tap water to rich total solid 7.75% (w/w). The
compositions of mono and co-digestion of cattle dung and chicken manure
under different operating temperatures are presented in Table (2).

2.3. Digestion temperature

The experimental work was carried out under horizontal (H) and vertical
(V) digester at 20£3 °C winter season (w), 29+3 °C summer season (S)
and 381 °C heating treatment (h); (Hw, Hs, Hh, Vw, Vs and Vh;
respectively) through digestion period of 60 days.

Temperature inside the digester at the beginning and end experiments are
given in Table (3). It can be seen that there was difference between the
initial and final temperature inside digester through the digestion period.
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Table (2): Compositions of cattle dung (CD) and chicken manure (CM).
Substrate Temperature pH Total solids Volatile solids Total nitrogen, C:N

°C (TS),%  (VS), % % ratio
Cattle 20+3 665  7.75 6.00 1.33 326
dung (Winter)
(CD) 2943 585  7.75 5.70 1.85 221
(Summer)
381
(eating 607 175 5.90 1.65 26.8
Chicken 20£3 672  7.75 5.10 3.63 11.2
manure  (Winten)
(€M) 29+3 585  7.75 6.10 4.65 9.72
(Summer)
381
(Heatng  63L 175 513 3.59 11.2
Mixture 2043 667  7.75 5.70 1.97 22.4
50% CD (Winter)
and 29+3 587 775 5.60 2.74 157
50% CM (Summer)
(wiw) 381 566  7.75 5.80 1.01 228
(Heating)

Table (3): Temperature (°C) through the continuous anaerobic mono and co-
digestion of CD and CM from the beginning to the end
experimental.

Exp. No. Initial Final Minimum Maximum Range Mean Std. Deviation

Hw 175 228 17.5 23.2 570 204 3.0702
Hs 30.2 281 27.2 31.9 470 296 1.1724
Hh 38.0 381 36.9 39.1 220 38.0 0.5765
Vw 173 228 17.3 23.1 580 20.2 3.0405
Vs 305 28.2 27.3 321 480 29.7 1.1797
Vi 38.1 38.3 37.1 39.2 210 38.2 0.4979

2.4. Analytical methods

Released biogas volume was collected in gasholder and estimated by using the
wetted displacement with calibrated scale in liter as shown in Fig. (1). The
biogas composition was fractioned in a percentage i.e. methane and CO;
percentage using the potassium hydroxide 40% (Abdel-Hadi, 2008). The TS,
VS and total nitrogen (TN) levels were estimated according to standard
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methods (APHA, 1997). Organic carbon was calculated according to Black
et al. (1965). Protein was calculated by multiplying total nitrogen by 6.25. Fat
content was determined by Soxhlet apparatus (AOAC, 1990). Carbohydrate
was calculated by the following formula:-
Carbohydrate (%) = 100 — (ash % + protein % + fat %).

The temperature and pH value of the mixtures solution inside the bench-scale
digesters were measured regularly every day using Jenway pH hand held
meter model 370pH/mv.

2.5. Experimental Procedure

To study the effect of digester shape, horizontal and vertical digesters shape
under three lab-scale experiments digestion temperatures; at winter, summer
and heating were carried out from mono and co-digestion of cattle dung and
chicken manure. Each experiment was 60 days (the first 10 days are start-up
period). At the beginning of each experiment, each digester (22 L) was fed
with 17 kg of fresh CD slurry (7.75%) as a starter substrate. Then, 150 g of the
influent substrates (CD, CM and CD+CM) at 7.75% TS were added to the
digesters then the feeding rate gradually increased to 680 g at the end of the
start-up period and still to the end of experiment.

RESULTS AND DISCUSSION
During the first 10 days of the experimental period (60 days), the digesters
were not unstable and methane contents in biogas were mostly less than 60%,
therefore data concerning the biogas and methane production were recorded
from day 11 to day 60.

3.1. Biogas and methane production

The cumulative biogas production of the horizontal and vertical digesters fed
with 7.75% TS of mono-digestion CD, CM and co-digestion CD and CM at
an average temperature of digestion 20+6 °C (winter season), 29+3 °C
(summer season) and 38x1 °C (heating treatment) through the experimental
period are shown in Fig (2). The maximum value of biogas production at the
end of digestion period was 633 liters with CD+CM under the horizontal
digester through summer season. Meanwhile, the minimum value of biogas
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production recorded 96 liters with CM at the vertical digester through winter
season.

1 700 7

-g: 600 4 —=—100%CD —0—100%CM  —a—50%CD+50%CM

o ]

2500 1 1

o 1Start-up

period!
1

1
Hw Jstartug VW
] period,
1

2400 1
£ ]
2 300 1
S 200
=}

1
1
g 1 1
€ 100 '

Vs
'Start—uﬂl
- period,
1

o 500 7 Start-ug}
2 400 4 period,

[
PN

E: 600 I Hh L] ' Vh
5 500 Istart-ug o JStart-u

8 400 q period - period
e} 1 g
© 300 1 .

1
. [}
£ 200 | 1
1

JgRAS
T

0 5 10 15 20 25 30 35 40 45 50 55 600 5 10 15 20 25 30 35 40 45 50 55 60
Time, days Time, days

Fig. (2): Cumulative biogas production from horizontal and vertical
digesters fed with CD, CM and CD+CM at different
conditions of digestion temperatures.

Average value of daily specific methane production in terms of VS added (L
kg™VS d?) is illustrated in Fig (3). It can be shown that the maximum value of
daily specific methane production 238 L kg™VS d* was obtained with the
horizontal digester fed by CD+CM through summer season. Meanwhile, the
minimum average value of daily specific methane production 27 L kg™Vvs d*
was obtained with the vertical digester fed by CM through winter season.
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Fig. (3): Average of daily specific Methane production from
horizontal and vertical digesters fed with CD, CM and
CD+CM at different digestion temperatures.

The results show that the cumulative biogas and specific methane production
from the various substrates under horizontal and vertical digester can be
arranged in the following descending: CD+CM > CD > CM. This result is in
partially agreement with that of Gungor-Demirci and Demirer (2004) who
stated that, the cattle dung led to better performance than chicken manure in
terms of methane production. The higher nitrogen content of chicken wastes
as compared to manure from other farm animals make them difficult substrate
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for anaerobic digestion. On The other hand, digestion of chicken manure can
produce toxic concentration of ammonia (NHz) and hydrogen sulfide (H.S).
Also, it is obvious that the highest cumulative biogas and specific methane
produced were obtained from the horizontal digester loaded with CD+CM,
while the lowest one was evolved from the same type of digester with CM
alone. The data also indicate that the vertical digesters loaded with CM alone
gave significantly higher amounts of cumulative biogas and specific methane
production than the corresponding amounts from the horizontal ones. This
may be attributed to the different surface area of the digested substrates in both
digester types. In the horizontal digesters the surface area of the substrate is
higher than that in the vertical ones. Consequently, the microorganisms inside
the different digester types will be different in their types and activities.

The results also, showed that the cumulative biogas and specific methane
production from the horizontal or vertical digesters loaded with CD+CM at
the tested digestion temperatures could be arranged in the following order:
2913 °C > 38+1 °C > 20+3 °C, CD and CM in both digester types and CD in
the horizontal digesters, the rates followed the order: 38+1 °C > 29+3 °C >
20+3 °C. This may be due to satisfactory gas production takes place in the
mesophilic range, between 25 to 30 °C (FAO, 1997).

3.2. Methane and carbon dioxide concentration

Fig. (4) show that the methane concentrations (by volume) in biogas in
all experiments varied considerably depending on the substrate and
digester type as well as the digestion temperature. The digestion time
lasted to reach 60% methane (volumetric basis) in the biogas (a sign of
healthy digestion) was found in the three experiments to increase
following the order: CM > CD+CM > CD. Explanation of this result is
based upon the fact that CM is generally regarded as a difficult substrate
for anaerobic digestion mainly because of its typically high proteins and
lipids contain (Table 1). Protein degradation produce ammonia, the
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unionized from, which is inhibitory to anaerobic microorganisms in high
concentrations. Lipids, on the other hand, may cause problems in
anaerobic digestion because of their tendency to from floating scum and
accumulated long chain fatty acids (Salminen and Rintala, 2002,, p). It
also increased with decreasing the digestion temperature. On the other
hand, it was mostly longer in the horizontal digesters than the vertical
ones.

As shown in the Fig. (4), the averages of methane concentrations from
the vertical digesters fed with CD, CM and CD+CM at the winter were
58.6, 50.4 and 59.7%, respectively, at the summer were 61.3, 63.6 and
68.1%, respectively and at the heating were 63.1, 61.6 and 66.9% for the
abovementioned substrates slurries, respectively. The corresponding
averages of methane concentrations from the horizontal digesters fed
with CD, CM and CD+CM at the winter were 60.0, 62.3 and 49.3%,
respectively, at the summer were 61.1, 50.2 and 66.9%, respectively and
at the heating were 58.1, 42.0 and 65.1%, respectively. However, the
average methane contents in biogas evolved from the various substrates
in the vertical digesters and from CD+CM in the horizontal ones at 20+3
°C were less than 60% (49.3-59.7%) indicating that the biogas produced
from most treatments in the winter experiment was low quality in terms
of energy production. On the other hand, methane contents in biogas
evolved from the horizontal digesters loaded with CM decreased with
increasing the digestion temperature whereas they were 62.3, 50.2 and
42.0% for 20+3 °C, 29+3 °C and 38x1 °C, respectively. This result
confirmed the inhibitory effect of ammonia concentrations which
increased with raising digestion temperature especially in the horizontal
digesters which have a higher surface area compared to the vertical
digesters.
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Fig. (4): Methane concentration in biogas produced from horizontal
and vertical digesters fed with CD, CM and CD+CM under
different digestion temperatures.

The CO, concentrations in biogas produced from the various substrates in
both digester shape at different digestion temperatures as shown in the
Fig. (5). The averages of CO, concentrations from the vertical digesters
fed with CD, CM and CD+CM at the winter were 38.4, 46.6 and 37.3%,
respectively, at the summer were 35.7, 33.4 and 28.9%, respectively and
at the heating were 33.9, 35.4 and 30.1% for the above-named substrates,
respectively. The corresponding averages of CO, concentrations from the
horizontal digesters fed with CD, CM and CD+CM at the winter were
37.0, 34.7 and 47.7%, respectively, at the summer were 35.9, 46.8 and
30.1%, respectively and at the heating were 38.9, 55.0 and 31.9%,
respectively.
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Fig. (5): Carbon dioxide concentration in biogas produced from

horizontal and vertical digesters fed with CD, CM and

CD+CM under different digestion temperatures.

3.3. pH value

The average pH values of the digested substrates for different treatments
are varied as shown in Fig (6). At 381 °C and 29+3 °C, the average pH
values of the digested substrates were found to follow the orders:
CD+CM > CD > CM for the horizontal digesters and CD+CM > CM >
CD for the vertical ones. The average pH values ranges in the digested
substrates at 29+3 °C and 38+1 °C were 5.99 - 7.47 for the horizontal
digesters and 6.42 - 7.46 for the vertical ones. At 20£3 °C, the average
pH values in both digester types ranged between 6.64 and 6.95. The
average pH values for CD+CM in both digester types were found to
increase with increasing the digestion temperature.
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Fig. (6): Values of pH in horizontal and vertical digesters fed with
CD, CM and CD+CM under different digestion
temperatures.

Table (4) illustrated the average values of degradation, carbon dioxide,
methane percent, pH value and C:N ratio for different treatments under
study. At the vertical digesters when temperature increased degradation
percent increased from three substrates, pH value, the carbon dioxide
decreased and methane percent increased from CD, meanwhile from CM
and CD+CM the highest methane percent were 63.6 and 68.1% at
summer, respectively and the lowest methane percent were 50.4 and
59.7% at winter, respectively.
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Table (4): The average value of the degradation, carbon dioxide,
methane percent, pH value and C:N ratio under different

treatments.
Digester Wint:ar Sumrr:er HeatiTg
shape Parameters 203 °C 293 °C 381 °C
CD CM CD+CM CD CM CD+CM CD CM CD+CM
Degradation, % 1356.67 124 31.251 258 356 26.3 36.1
Carbon dioxide, 387468 365 35.344 289 339354 30.1
Vertical Methane, % 58.650.4 59.7 61.636 68.1 63.1 61.6 66.9
pH value 6.806.95 6.91 6668 705 642733 746
C:N ratio 282196 238 26.156 189 23.719.0 19.9
Degradation, % 17.36.88 13.2 45.24.3 480 31.0 236 44.0
Carbon dioxide, 37.634.7 486 359485 30.1 38.9 56.6 31.9
Horizontal Methane, % 50.962.3 49.3 61.502 66.9 58.140.0 65.1
pH value 6.646.84 6.86 63599 692 6.48 6.32 7.47
C:N ratio 28.185 227 22.186 187 22.8 201 193

On the other hand, the highest degradation percent were 45.9 and 48.0%
under the horizontal digesters from CD and CD+CM at summer season,
respectively and the highest methane percent were 61.1 and 66.9% at
summer season, respectively, meanwhile the lowest degradation and
methane percent observed from co-digestion of CD+CM were 13.2 and
49.3% at winter season, respectively. Meanwhile methane contents in
biogas evolved from the horizontal digesters loaded with CM decreased
with increasing the digestion temperature. Generally, when the C:N ratio
decreased the methane percent increased at all treatments.

CONCLUSION
Concluding remarks based on the obtained date are as follows:
e The cumulative biogas and specific methane production from all
treatments in all experiments, except for those of the vertical digesters
at (heating treatment) 38+1 °C, were found to follow the order:
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CD+CM > CD > CM. However, the order was CD+CM > CM > CD
for the vertical digesters treatments at (heating treatment) 38+1 °C.

e The highest average methane content of 68.1% (by volume) in biogas
was observed in the vertical digesters fed with CD+CM at digestion
temperature (summer season) 29+3 °C. On the contrary, the lowest
average methane content of 42.0% was found in the horizontal
digesters loaded with CM alone at (heating treatment) 38+1 °C.

e The highest average specific methane production rates of
238 L kg'VS added per day were obtained from the horizontal
digesters fed with CD+CM at (summer season) 29+3 °C, while the
lowest rates of 32 L kg'VS added per day were observed in the
horizontal digesters loaded with CM alone at (heating treatment)
381 °C, respectively.

e The biogas produced from most treatments in the winter experiment
was low quality in terms of energy production.

e Methane contents in biogas evolved from the horizontal digesters
loaded with CM decreased with increasing the digestion temperature.
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