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ABSTRACT: Single batch dry anaerobic digestion (AD) experiments of high solid broiler litter
(HSBL) at 37 &+ 0.5°C (mesophilic condition) and the inoculum concentration of 40% based on wet
weight of HSBL were studied until biogas production stopped or/and was negligible to maximize
biogas and methane yield form HSBL by overcoming its obstacles of production. Three different
phases of HSBL (first: untreated HSBL, second: ground HSBL, and third: sieved HSBL) were used,
and they were diluted by tap water according to the dilution ratios (HSBL: Water) of 1:1, 1:2 and 1:4
(wet weight basis). Then, the mixtures were anaerobically digested using batch operated 500ml
reactors. Biogas and methane productions were affected by dilution ratio, grinding and sieving
pretreatments. The highest biogas productivity from dry AD of untreated, ground, HSBL was 14.27
NL/kg untreated HSBL and 17.80 NL/kg ground HSBL at the dilution ratios of 1 : 4 for 50 days of
solid retention time (SRT) respectively. The highest biogas productivity from dry AD of sieved HSBL
was 78.74 NL/kg sieved HSBL from feedstock of 10 > PS > 5 at the dilution ratio of 1:4 for 75 days of
SRT.

Key words: Broiler litter, dry anaerobic digestion, grinding pretreatment, sieving pretreatment, biogas.

Currently, the global mix of energy comes
from fossil, renewable and nuclear energy
sources. The dependence on fossil fuels as
primary energy source has led to global climate
change, environmental degradation, and human
health problems. Moreover, the recent rise in
fossil fuels prices may drive the current
economy towards alternative renewable energy
sources with less negative impacts such as
biogas.

INTRODUCTION

Recent increase in poultry farms on relatively
small land area have resulted in high energy
requirements for operating these farms and
producing large amount of poultry manure. FAO
(2017) reported that Egypt produces circa 6.3
million tons of chicken manure from broiler and
layer farms annually. Of this amount, the
majority was estimated by about 6 M ton/year
and composed of broiler chickens. Sakar et al.

(2009) mentioned that inefficient and unsafe of Giingdr-Demirei and Demirer (2004) stated

poultry waste processing can have severe
environmental impacts including groundwater
contamination, contaminated surface water
runoff and the attraction of insects, rodents and
other pests and greenhouse gases emission,
mostly as methane (CH,), nitrous oxide (N,O)
and carbon dioxide (CO,). This manure is
currently treated either by incineration or by
composting.

* Corresponding author: Tel. : +201021789659
E-mail address: s.h.mahmoud2011@gmail.com

that AD is a waste management technology
capable of meeting both of the above mentioned
environmental and energy concerns. The dual
benefits was achieved by microbiological
degradation of organic pollutants, greater
inactivation of pathogens and weed seeds,
reduction of global warming potential,
diminishment of odor and green energy
production in the form of biogas. Arogo et al.
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(2009) found that the source of the organic
matter and the management of the AD process
affect biogas composition, biogas consists of 55
- 80% methane (CHy), 20 - 45% carbon dioxide
(CO,) and small amounts of other gases such as
ammonia (NHj), hydrogen sulfide (H,S), and
water vapor may be present. Afilal ef al. (2014)
reported that CH,; has an energetic interest
because it has a high calorific value by about
9.94 kWh/m’.

Jha et al. (2011) stated that dry AD process
generally takes place at solid concentrations
higher than 10%. Demirer and Chen (2008)
suggested that the appropriate inoculum to
substrate ratio was 0.02 (VS/VS) for manure.

Bujoczek et al. (2000), and Magbanua et al.
(2001) studied the AD of chicken manure (CM)
containing TS in the range of 5 to 21.7%, but
failed to produce any methane from fresh CM
(21.7% TS) without dilution even after 120 days
fermentation at 35°C. Moreover, anaerobic
batch tests conducted using hog and poultry
wastes in various proportions, only to produce a
very low amount of methane not exceeding 0.9
ml g' VS, which was obtained after 99 days
experimentation of CM with 17.4% TS and
14.6% VS, respectively.

Abouelenien et al. (2009b) has shown that
the use of CM as a substrate for methane
fermentation in a dry state under mesophilic
conditions, generated 4.4 L methane gas per kg
of CM, despite ammonia at a high level ranging
from 8 to 14 g-N kg' CM. This clearly
demonstrates that spontaneous acclimation of
the methanogenic consortia to high levels of
ammonia could occur and result in the
production of methane even under a high
percentage of total solids (25%) and a high level
of ammonia.

AD and biogas production are especially
suitable for broiler breeding farms because large
amount of waste is produced and these farms
use too much energy for heating purposes.
However, AD of poultry manure has been
historically  challenging and infrequently
implemented due to the major obstacles of
heterogeneity of the substrate, high solids
content of the substrate, inhibition of
methanogenic archaea due to high nitrogen
content, and the complex structure of bedding
material (lignocellulosic biomass). Thus, the aim

of this research is to maximize biogas and
methane yield form HSBL by overcoming its
production obstacles.

MATERIALS AND METHODS

Experiments were carried out through years
of 2015 and 2016 in Agricultural Engineering
Research Laboratory at El-Kasassin Horticultural
Research Station, Agricultural Research Center
to investigate biogas production from poultry
wastes slurry against different concentrations of
total solid.

Broiler Litter and Inoculum

Seven days old high solid broiler litter
(HSBL), which is a mixture of broiler excreta,
spilled feed, feathers, and bedding material,
were sampled from a commercial poultry farm
housing about 6,000 broilers per cycle and an
annual manure production 14 ton at Sharkia
Governorate (Egypt). Bedding material was
chopped wheat straw. HSBL samples were
stored in black sealed polyethylene bags to
conserve the moisture at 4°C until used.

Anaerobic sludge obtained after wet AD
process of cattle manure at dilution ratio (Cattle
manure: Water) of 1:2 based on wet weight at
mesophilic condition (37+0.5°C) for 50 days of
digestion time was used as inoculum. Anaerobic
sludge was collected using 20 liter plastic
buckets with tight lids and immediately stored in
a freezer maintained at -20°C and while further
analyses and use. Inoculum was anaerobically
digested at 37°C for 50 days for deducting the
amount of biogas production by the residual
organic matter in the inoculum.

The physiochemical characteristics (total
solids (TS), volatile solids (VS), organic carbon
(OC), total Kjeldahl nitrogen (TKN), ammonium
nitrogen (NH4+-N) concentrations, carbon to
nitrogen ratio (C/N ratio), and pH) were analyzed
for HSBL and inoculum as summarized in
Table 1.

Reactor Setup

Experiments were carried out using 500 ml
conical flask as a laboratory scale reactor. A
reactor was tightly sealed with a natural rubber
stopper to exclude oxygen, and it was connected
via its gas outlet using Smm plastic flexible
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Table 1. Characterization of HSBL and inoculum used in experiments

Parameter Unit HSBL Inoculum
Moisture content WW % 26.89 95.88
TS WW % 73.11 4.12
VS WW % 59.53 3.20
ocC TS % 47.23 45.11
TKN TS % 2.99 1.70
NH4+-N mg/1 5084 476
C/N ratio - 15.80:1 26.54:1
Bulk density Kg/m’ 254.35 ND
pH - 8.46 8.75

The analyses were done in soils, water, and environmental research institute.

connectors to a 100 ml burette glass as gas
collecting apparatus. The gas collecting device
has a valve which was used to run-off the
collected gas to analyze. To ensure a constant
temperature, reactors were placed in a constant
temperature water bath which was insulated and
automatically temperature controlled at 37 +
0.5°C according to Radwan et al. (1993) and
Verein Deutscher Ingenieure (2004) as shown in
Fig. 1.

Experimental Procedure

Experiments A (EA)

Single batch dry AD experiments of untreated
HSBL were conducted for 50 days of SRT to
study the effect of TS concentrations in the
reactor content (dilution ratio) on biogas and
methane production, and the digestibility of
HSBL. Experiments were started by mixing
untreated HSBL with three different dilution
ratios (untreated HSBL: water) 1:1, 1:2, and 1:4
(wet basis). Each one of prepared mixtures was
inoculated with the inoculum concentration of
40% (based on wet weight of untreated HSBL)
according to Demirer and Chen (2008).

Experiments B (EB)

Grinding pretreatment of seven day old
HSBL was carried out by blender grinder to
reduce particle size (PS) and make HSBL more

homogenized in structure and composition and
easy to be digestible. Single batch dry AD
experiments of ground HSBL were conducted
for 50 days of SRT to study the effect of
grinding pretreatment of HSBL on digestibility
and biogas and methane production against
different dilution ratios (ground HSBL: water)
of 1:1, 1:2 and 1:4 at the inoculum concentration
of 40% (based on wet weight of ground HSBL).

Experiments C (EC)

Sieving pretreatment was carried out to
determine the composite components of HSBL
depending on PS and make HSBL more
homogeneity in structure and physiochemical
characteristics. HSBL was sieved using a group
of sieves placed on top of each other. The sieves
have circular screen openings with according
diameter (10, 5, 3 and 1mm). Sieved HSBL was
collected from each sieve and weighed. So that,
HSBL composed from four components PS>10,
10>PS>5, 5>PS>3, and PS<I1. The composition
of sieved HSBL is summarized in Table 2. To
individually understand the HSBL particle size
behavior on the digestibility, and biogas and
methane production, single batch dry AD
processes of sieved pretreated HSBL against the
dilution ratios (sieved HSBL: water) of 1:1, 1:2
and 1:4 at the inoculum concentration of 40%
(based on wet weight of sieved HSBL) were
studied for 75 days of SRT.
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Fig. 1. Schematic diagram of laboratory scale reactor
Table 2. Characterization of sieved HSBL
Parameter Unit P.S>10 10>P.S>5 5>P.S>3 P.S<1
Water content WW % 16.65 15.59 15.65 11.30
TS Ww % 83.35 84.41 84.35 88.70
VS WwW % 60.65 62.67 52.04 36.81
ocC TS % 4221 43.07 35.78 24.07
TKN TS % 3.17 2.60 291 2.1
NH4-N mg/1 1336 1562 1268 1184
C/N ratio - 13.32 16.56 12.30 11.46
pH - 7.74 7.80 7.67 7.71
Bulk density kg/m’ 203.50 109.70 143.00 438.72

The analyses were done in soils, water, and environmental research institute.

Each one of total sludge (HSBL+ Water +
Inoculum) loaded into the reactors, which was
labeled through experiments EA, EB, and EC as
(R, Ry, R3); (R4, Rs, Re); and (R7, Rg,..., Ryg),
respectively. The details of these 18 batch dry
AD Experiments of HSBL are given in Table 3.

The reactors were shaken once a day for 30
sec., manually after daily biogas measurement to
achieve a contact between the micro-organisms
and their substrate and assist in preventing scum
formation (Radwan et al., 1993).

The physiochemical characteristics of each
one of total sludge were analyzed before and
after AD process.

Analytical Methods

The physiochemical characteristics of HSBL,
inoculum, and samples taken at the beginning
and the end of AD process were used according
to the Standard Methods for the Examination of
Water and Wastewater (APHA et al., 1995).
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Table 3. Details of dry anaerobic fermentation of HSBL

R. No. Mass of the mix (g) HSBL type Experiment
HSBL Water Inoculum

R, 50 50 20

R, 50 100 20 Untreated HSBL EA

R; 50 200 20

R, 50 50 20

R; 50 100 20 Ground HSBL EB

Rs 50 200 20

Ry 50 50 20

Rg 50 100 20 Sieved HSBL (P.S >10)

Ry 50 200 20

Ry 50 50 20

Ry 50 100 20 Sieved HSBL (10> P.S >5)

Ry, 50 200 20

Rys 50 50 20 EC

Ry 50 100 20 Sieved HSBL (5> P.S >3)

Ris 50 200 20

Ry 50 50 20

Ry, 50 100 20 Sieved HSBL (P.S <1)

Rs 50 200 20

- TS, the mass of solid material (dry matter)
remaining after evaporating moisture from a
sample, was determined by evaporating a mass
of 10 - 20 grams of the homogenized
representative sample in a drying oven at
103°C + 2°C, cooling desiccating and weighing
procedure until a constant weight is obtained
or weight change is less than 4% of previous
weight (Standard Method 2540 G).

- VS, usually the organic portion of the manure
sample, were determined by ignition of the
residue produced in TS analysis to constant
weight or weight change is less than 4% of
previous weight in a furnace at a temperature
of 550 to 600°C (Standard Method 2540 G).

- Total TKN and N-NH4+ were measured as
described in Standard Method 4500-Norg and
N-NH4, respectively.

- pH measurements were performed by a pH
meter (WTW 720 handheld pH meter, Germany)
as described in Standard Method 4500H.

Total phosphorus (P,Os) and Potassium (K,0)
was determined after sulfuric digestion
according to Tedesco et al. (1995).

Measurements and Calculations
Normal volumetric production of biogas

The volume of biogas production (ml) from
each reactor was measured daily by gas
collecting device (height type) by acidified
saline water (200 g of NaCL + 5 g of citric acid
+ 1L of distilled water) displacement method
according to Miiller et al. (2004).

Gas factor

The values of biogas production (ml), air
pressure (mbar), gas temperature (°C) at the
measurement time were used to calculate normal
volume of biogas (at Standard Temperature and
Pressure) by calculating the gas factor using
introduced equations by Adebayo ef al. (2013).

_ (P - PH,0) xTo
(t +273.15) xPo

Where:

F= Gas factor; To = 273.15°K (Normal
temperature); t= Gas temperature in °C; Po=
1013.25 mbar (standard pressure); P = Air
Pressure; PH,O = Water vapor pressure.
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Vapor pressure of water (PH,0)

The respective vapor pressure of water is a
function of gas temperature for describing the
range between 15 and 30°C, and its given as the
following equation introduced by Adebayo et al.
(2013).

PH,O=Y, +a.c™
Where:
Yo =-4.39605; a=9.762 and b= 0.0521
Normal biogas volume

The normal volume of daily produced biogas
is given by the following equation:

Biogasiiy = Biogas(ml) gy X F Nml
Normal biogas productivity

The normal productivity based on weight of
fresh HSBL is given by the following equation:

Biogas yield (Nm])HSBL

Biogas productivity= le/ gHsBL

Mass of HSBL (g)
Where:
1 N ml/ g FM*=1 NL/kg FM = 1 Nm’/ton FM
*: Fresh manure

Carbon dioxide concentration (CO,)

To determine CO, percentage in the total
produced biogas, a known volume of the
collected biogas (V;) was syringed out by a
syringe and dipped in a beaker, filled with
concentrated potassium hydroxide solution (2N
KOH and pH 13.56 according to Elasri et al.
(2015)). Then, a volume of concentrated KOH
solution was dragged into the syringe to increase
the contact area between biogas and
concentrated KOH solution. Syringe has yet
dipped in concentrated KOH solution to
compensate the shrinkage in V; due to CO,
absorption. The syringe was shaken manually
for 3—4 min. The volume of the remaining gas
(V,) was used to estimate the volume of
absorbed CO, (V,—V;). The concentration of
CO, was calculated from this equation:

Co, = ¥x 100%

1
Methane concentration

The concentration of methane CH,4 can be
estimated using the introduced equation by
Konstandt (1976):

CH,; =100% - [CO,% + 0.2% H,S] % vol
Normal methane volume

The normal volume of daily produced
methane is given by the following equation:
Daily methane prodcution =
Daily biogas production (Nml)x CH, %y, Nml

100

Normal methane productivity

The normal productivity based on weight of
fresh HSBL is given by the following equation:

Methane yield (Nml)usse
Mass of HSBL(g)

Methae productivity= Nml/gusse

Energy production

Methane is the flammable gas in biogas
composition with the lower heating value of
35.89 kJ L (Theuretzbacher ef al., 2015). The
total methane energy is calculated in klJ/kg of
HSBL (wet basis) by multiplying methane
productivity with 35.89.

Energy production =
(Nl/kgHSBL) x 35.89 kJ/kg

Methae productivity

RESULTS AND DISCUSSION

Effect of Dilution Ratios and Grinding
and Sieving Process on the Physiochemical
Properties of Total Sludge

Table 4 represents the values of TS (%) WW,
TS reduction (%), VS (%) TS, VS reduction
(%), and pH of total sludge loaded in reactors
(R4, Ry,..., Rig) before and after dry AD process.

Initial Tg and Vg concentrations and initial
pH values were affected by each of dilution
ratio, grinding pretreatment, and sieving
pretreatment. TS concentration of the reactor
content had directly proportional to dilution
ratio. After dry AD experiments, values of TS
concentration decreased in all reactors when
compared to before digestion. Dry matter
degradation values were the highest (21.69%,
29.40 and 68.31%) in reactors Ry, R¢ and Ry
within EA, EB, and EC, respectively.

After dry AD experiments, values of VS
concentration decreased in all reactors when
compared to before digestion. VS reduction
values were the highest (30.72%, 58.06 and
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Table 4. Physiochemical properties of total sludge before and after AD process

R. No. TS (%) WW TS Reduction VS% TS VS pH
(%) Reduction
(%)

Initial Final Initial Final Initial Final
R, 31.12 24.84 20.18 81.23 76.50 24.77 8.74 6.84
R, 22.81 17.87 21.69 81.94 75.86 30.72 8.68 7.99
R; 15.20 12.46 18.04 83.56 78.44 28.43 8.77 6.97
Ry 32.72 31.23 4.54 65.06 45.03 56.00 7.60 6.76
R;s 26.22 23.95 8.66 63.70 51.68 39.06 7.78 6.67
R 17.92 12.65 29.40 69.63 49.01 58.06 7.82 6.40
R, 34.75 30.89 11.11 72.23 67.17 21.33 7.87 7.21
Rg 24.96 21.92 12.18 69.89 67.81 9.25 8.14 6.65
R 17.50 15.30 12.57 69.39 58.45 37.94 8.09 6.78
Ry 35.49 33.72 4.97 70.50 59.57 38.35 7.96 7.12
Ry 23.89 22.04 7.74 71.26 68.47 12.42 7.92 6.90
R, 15.35 12.22 20.40 69.54 61.08 31.24 7.87 8.22
Ry3 35.03 31.55 9.94 63.84 58.50 20.15 7.90 7.13
Ry 24.75 22.18 10.36 65.76 48.46 51.04 7.97 8.27
Rys 18.97 8.18 56.88 63.86 57.14 24.53 8.06 8.20
Ry 37.27 36.19 291 41.21 32.71 30.66 7.84 7.39
Ry, 2591 22.37 13.66 48.52 39.92 29.50 7.88 7.34
Rys 18.47 5.85 68.31 44.02 33.25 36.65 7.76 8.24

The analyses were done in soils, water, and environmental research institute.

51.04%) in reactors R,, R¢, and R4 within EA,
EB, and EC, respectively. This may be
attributed to amount of water used. Where,
water content in the substrates is essential for
the activities of the AD process. Ground HSBL
has obtained higher VS reduction values
compared to the untreated HSBL after dry AD at
dilution ratios 1:1, 1:2 and 1:4 since small
particle size gave a large surface area for
substrate adsorption and thus allowed the
increased microbial activity.

pH value is important parameter for
assessing the efficiency of dry AD experiments.
After dry AD of untreated HSBL and ground
HSBL, the pH values decreased in all reactors

when compared to before digestion. This may be
attributed to accumulation of VFAs resulting
from degradation of organic matter. Ground
HSBL has obtained lower final pH values
compare to the untreated HSBL after dry AD at
dilution ratios 1:1, 1:2 and 1:4 due more
microbial activities were occurred, resulting
accumulation of VFAs.

After dry AD experiments of sieved HSBL
(EC), the pH values increased in the reactors of
Ri2, Ris, Rys, and R;g when compared to before
digestion, and they were 8.22, 8.27, 8.20, and
8.24. This may be attributed to the methane-
producing bacteria consume the acids, alkalinity
is produced and the pH within these reactors will
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increase or/and may be due to the production of
alkali compounds (e.g., ammonium ions) during
the degradation of organic compounds. The pH
values decreased in the other reactors when
compared to before digestion. This may be
attributed to accumulation of VFAS resulting
from degradation of organic matter.

Effect of Dilution Ratios, Grinding and
Sieving Processes on Biogas Productivity

Biogas productivity provides a common
basis for comparison between different trails.
Biogas productivity of 20 grams of inoculum,
used in inoculating of later dry AD experiments
was about 81.5 Nml.

Fig. 2 represents comparison between biogas
productivity from ground and untreated HSBL
with respect to mass of HSBL in the content of
reactor (NL/kg HSBL) against dilution ratios of
1:1, 1:2 and 1:4 at the inoculum concentration of
40% for 50 days of SRT.

Biogas productivity was affected by dilution
ratio and grinding pretreatment. Increasing the
dilution ratio from 1:1 to 1:2 and 1:4 led to
increase biogas productivity of dry AD of
untreated HSBL (EA) from 9.07 NL/kg HSBL
to 12.20 and 14.27NL/kg HSBL since water
content in the substrates is essential for the
microbial activities of the AD process. These
productivities are higher than that of 3.19 L/kg
poultry dropping which was produced from AD
of poultry dropping at 8% TS concentration for
30 days at temperature between 27-35°C when
the mass mixing ratio was 1.08kg poultry
dropping and 0.32 kg of fresh rumen content of
freshly killed cattle as inoculant (Aremu and
Agarry, 2013).

Biogas productivity from dry AD of ground
HSBL (EB) was 15.45, 13.51, and 17.80NL/kg
HSBL from reactors R4, Rs and Ry at the
dilution ratios of 1:1, 1:2 and 1:4 respectively.
These productivities are higher than that of was
produced by Aremu and Agarry (2013).

Biogas productivity from dry AD of ground
HSBL was higher than that produced from
untreated HSBL against dilution ratios of 1:1,
1:2, and 1:4 by about 70.89%, 10.65%, and
24.73%, respectively. This may be attributed to
more organic matter degradation and higher
biogas yield from dry AD of ground HSBL due

to increased active surface area and easy access
for degradative enzymes.

At dry AD experiments of A and B, The
dilution ratio of 1:4 at the inoculum
concentration of 40% is the most important
quantity condition since it produced the highest
biogas productivity of 14.27 and 17.80 NL/kg
HSBL, respectively.

Biogas productivity with respect to mass of
sieved HSBL in the content of reactor (NL/kg
sieved HSBL) from dry AD of feedstocks of
PS>10, 10> PS >5, 5> PS >3, and PS<1 against
dilution ratios of 1:1, 1:2, and 1:4 and the
inoculum concentration of 40% for retention
time of 75 days (EC) is represented in Fig. 3.

Biogas productivity was affected by dilution
ratio and sieving pretreatment. The highest
biogas productivity against dilution ratios of
1:1, 1:2, and 1:4 was 16.16, 21.82, and
78.74NL/kg sieved HSBL from dry AD of
feedstocks of PS>10, 5 < PS >3, and 10 < PS >
5, respectively.

The highest biogas productivity of dry AD
experiments C was 78.74 and followed by 78.06
and 56.74 NL/kg sieved HSBL from dry AD of
feedstocks of 10 <PS > 5,5 <PS >3, and PS<1
against the dilution ratio of 1:4. This may due to
the balance between acidogenesis and
methanogenesis processes through dry AD of
these feedstocks due to the characteristics of
these feedstocks and amount of water used, and
this directly appeared in final pH values. These
productivities are higher than that of produced
by Aremu and Agarry (2013) and from dry AD
experiments A and B.

Effect of Dilution Ratios, Grinding and
Sieving Processes on Methane Productivity

Methane productivity provides a common
basis for comparison between different trails.
Methane productivity of 20 grams of inoculum,
used in inoculating of later dry AD experiments
was about 72.99 Nml. Methane productivity was
affected by dilution ratio, grinding pretreatment,
and sieving pretreatment.

Fig. 4 displays comparison between methane
productivity from ground and untreated HSBL
with respect to mass of HSBL in the content of
reactor (NL/kg HSBL) against dilution ratios of
1:1, 1:2, and 1:4 at the inoculum concentration
of 40%.
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Methane productivity from dry AD of
untreated HSBL (EA) was 6.21, 8.77 and 6.98
NL/kg HSBL against the dilution ratios of 1:1,
1:2 and 1:4 from reactors R;, R, and R;, when
methane concentrations were 71.63%, 73.96%
and 53.09%, respectively. Whereas, methane
productivity of dry AD from ground HSBL (EB)
was 7.09, 7.19 and 6.96NL/kg HSBL against the
dilution ratios of 1:1, 1:2, and 1:4 from reactors
R4, R5 and R6, when methane concentrations
were 50.04%, 57.13% and 43.32%, respectively.

Methane productivity of dry AD experiments
B was lowering than that of produced from dry
AD experiments A at dilution ratios of 1:2 and
1:4. This may be attributed to the imbalance
between acidogenesis and methanogenesis
through dry AD experiments B because grinding
process increased active surface area and easy
access for degradative enzymes and the growth
rate of acidogenesis bacteria is about ten times
higher than acetogenesis and methanogenesis
bacteria according to (Kalyuzhnyi 1997; Vavilin
et al, 2001). On the other hand, Methane
productivity of dry AD experiments B was
higher than produced from dry AD experiments
A at dilution ratio of 1:1.

The highest methane productivity of dry AD
experiments A and B was 8.77 and 7.19NL/kg
HSBL at dilution ratio of 1:2, respectively.
These productivities were higher than that of 6.9
L’kg CM produced from second batch

fermentation of methane for 55 days at 35°C and
the CM: Inoculum ratio of 1:2 on volume per
volume basis for the residue of the methane
fermentation of ammonia-stripped CM at 35°C
for 75 days after second stripping of ammonia
(Abouelenien et al., 2009a).

The dilution ratio of 1:2 with the inoculum
concentration of 40% is the most important
qualitative condition through dry AD experiments
A and B due to it produced a biogas with the
highest calorific value of about 87.432 kWh/Mg
HSBL and 71.680 kWh/ Mg HSBL for 50 days
of SRT, respectively. These energy productions
are lower than that of (100 kWh/Mg) produced
from dry AD of organic fraction of municipal
solid waste (OFMSW) at the waste: inoculum
ratio of 1:1 (Di Maria et al., 2012).

Methane productivity with respect to mass of
sieved HSBL in the reactor content (NL/kg
sieved HSBL) from dry AD of sieved HSBL (PS
>10,10>PS > 5, 5> PS >3 and PS<1) against
dilution ratios of 1:1, 1:2, and 1:4 and the
inoculum concentration of 40% for retention
time of 75 days (EC) is represented in Fig. 5.

The highest methane productivity against
each of the dilution ratios of 1:1, 1:2 and 1:4
was 9.77, 15.78 and 55.92 NL/kg sieved HSBL
from dry AD experiments of feedstocks of
PS>10, 5 < PS > 3, and 10 < PS > 5, when
methane concentrations were 63.12%, 73.51%
and 71.64%, respectively.
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Fig. 5. Methane productivity from dry AD of sieved HSBL with respect to mass of sieved HSBL

in the content of reactor

The highest methane productivity of dry AD
experiments C was 55.92NL/kg sieved HSBL
and followed by 52.02 and 39.87 NL/kg sieved
HSBL from dry AD of feedstocks of 10 < PS >
5,5 <PS >3, and PS<1 against the dilution ratio
of 1:4 in reactors R, R;s and R;3, and when
methane concentrations were 71.64%, 67.11%
and 71.13%, respectively. This may due to the
balance between acidogenesis and methanogenesis
processes through dry AD of these feedstocks
and this directly appeared in final pH values.
This productivity is not so low when compared
with results obtained by Lehtomaéki et al. (2007),
where the methane productivity was 62 m’/Mg
fresh feed when the feed ratio (chicken manure:
kitchen waste) by fresh matter was about 1:32.
On the other hand, this productivity was higher
than that produced by Abouelenien et al
(2009a) and produced from dry AD experiments
A and B.

The dilution ratio of 1:4 and the feedstock of
10< PS>5 at the inoculum concentration of 40%,
are the most important quantity and qualitative
conditions for dry AD experiments C since it
produced the highest biogas productivity of
78.47NL/kg HSBL and biogas with the highest
calorific value of about 557.49 kWh/ Mg sieved
HSBL for 75 days of SRT, respectively. This
energy is higher than that obtained by Di Maria

et al. (2012) and lower than that obtained by
Lehtomaéki et al. (2007). Lehtomaki et al. (2007)
produced 620KWh/Mg from AD of the mixture
of chicken manure and kitchen wastes at mixing
ratio of 1:32 based on weight of fresh matter.

Fertilizing Production

The physiochemical characteristics for
effluent of dry AD of HSBL (digestate) at the
most quantity and qualitative dilution ratio and
HSBL type is shown in Table 5.

The physiochemical properties of digestate
(TS, VS, OC, NH",N, TKN, P,0s, K,0 and pH)
decreased compared to that of HSBL. Digestate
sample taken after AD experiments contained on
average 87.89% WW and 12.11% WW of
moisture content and dry matter (TS),
respectively. Digestate contained average
60.80%TS and 35.27% TS of organic matter and
organic carbon, respectively. Digestate contained
average 1583 ppm, 38 ppm, 1.34% TS, 2.8%
TS, and 4.32%TS of ammonium nitrogen (NH+4_
N), nitrates (NO;), total nitrogen, total
phosphorus (P,Os), and total potassium (K,O),
respectively. Digestate contained on average
2.76 mEqg/l of total VFAs. The pH value of
digestate was average 8.23.
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Table 5. Physiochemical properties of digestate and HSBL

Parameter HSBL Digestate
Moisture content (%o ) 26.89 87.89
TS (Yoww) 73.11 12.11
VS (Yo1s) 81.43 60.8
OC (%ors) 47.23 35.27
NH',N 5084 1583
Nitrates 46 38
TKN (Y%7s) 2.99 1.34
Total phosphorus (P,0s) (Y 7s) 3.28 2.8
Total potassium (K,0) (Yors) 4.6 432
VFAs, mEq/1 ND 2.76
pH value 8.46 8.23

The analyses were done in soils, water, and environmental research institute.

Conclusion

Results have demonstrated that treatment of
HSBL by dry AD is feasible and positively at
mesophilic conditions, inoculum concentration
of 40% based in wet weight of HSBL, and
shaking regime of once a day for 30 sec.

Biogas and methane production was affected
by dilution ratio, grinding and sieving
pretreatments. At dry AD of untreated HSBL,
the dilution ratio of 1:4 was the most important
quantity ratio since it produced the highest
biogas yield (795.21Nml), but the dilution ratio
of 1:2 was the most important qualitative ratio
due to it produced the highest methane yield
(511.40 Nml).

Grinding pretreatment made HSBL more
homogeneity in composition by reducing
particles size less than 3 mm. Grinding
pretreatment of HSBL led to increase biogas
yield compare to that of produced from
untreated HSBL. The highest biogas yield from
dry AD of ground HSBL was 971.72 Nml at the
dilution ratios of 1:4, which is higher than that
of produced from dry AD of untreated HSBL by
about 22%. The highest methane yield of dry
AD of ground HSBL was 432.40Nml at the
dilution ratios of 1:2, which was lower than that

produced from dry AD of untreated HSBL by
about 15.45%.

Sieving pretreatment made HSBL more
homogeneity in structure and physiochemical
characteristics. HSBL composed from four
components PS > 10, 10 > PS > 5, 5> PS > 3,
and PS < 1 depending on particle size (screen
opening diameter). The highest biogas yield
from dry AD of sieved HSBL was 4004.85Nml,
and followed by 3984.40 and 2904.90Nml,
which produced from AD of feedstocks of 10
>PS >5,5>PS >3, and PS<1 at the dilution
ratio of 1:4. The highest cumulative methane
yield produced from dry AD of sieved HSBL
was 2869.14Nml, and followed by 2674.08 and
2066.27Nml which produced from AD of
feedstocks of 10 > PS > 5, 5> PS > 3, and PS<1
at the dilution ratio of 1:4. Thus, the dilution
ratio of 1:4 and feedstocks of (10 > PS> 5, 5>
PS > 3, and PS<1) are the most important
quantity and qualitative conditions for dry AD
of sieved HSBL.

The calorific value of the highest methane
productivity from dry AD of untreated, ground,
and sieved HSBL was 87.43, 71.68, and 557.49
kWh/Mg HSBL.
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