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TREATMENT AND RECYCLING ENGINEERING OF
CHICKEN LITTER VIA THERMAL GASIFICATION
PROCESS FOR WARMING POULTRY HOUSES

Said Elshahat Abdallah® and Wael Mohamed Elmessery?

ABSTRACT

Poultry industry, in Egypt, encounters a lot of problems and diseases
especially at winter season. A lot of chicks are dying due to low
temperatures at night. Poultry house warming requires a lot of energy
using petroleum delivers such as liquefied petroleum gas (LPG). In this
period of each year, the higher demand on LPG cylinders raises the crisis
of energy shortage in Egypt. Add-value principle was considered for
solving the problem. Chicken litter as a by-product of poultry production
process can be recycled and reused as an alternative source of energy
where there is no transportation is required especially at remote areas.
Poultry house, under investigation, is located at 12 Elezbah Elbaidah
village, Elhamoul district, Kafr Elsheikh governorate. According to data
collected about weather conditions, the environment is almost at steady
state conditions in the two months of January and February of 2016
during the period from 12:004AM to 7:00AM at 12°C and relative
humidity of 70% to be suitable for experimentation. Poultry house was
divided into two longitudinal sections called raceways. Thermal
gasification technique is selected for biomass (chicken litter) energy
conversion. Based on energy needs for warming process, the operation
parameters and investigation variables of thermal gasification process
were chosen. A continuous feeding fluidized bed reactor type with a
catalyst sand bed was used. The system consists of gasifier reactor,
chicken litter feeding section, cleaning section of two cyclones and
gasifying agent supplying section.
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The effect of catalyst presence percent (Dolomite) of 20, 30 and 50% in
the sand bed, four levels of equivalence ratio of 0.326, 0.289, 0.227 and
0.202, three different temperature profiles of 430, 560 and 670°C and two
types of gasifying agent of natural air and mixture of air with steam are
investigated. Two pathways of energy outputs; energy released to
surround environment around the gasifier reactor and by the product gas.
Each energy pathway was directed to a specific raceway. An air
temperature change of each raceway is an indicator of energy content of
each output pathway. Higher temperature profile of 670°C contributes to
higher gas yield and biomass conversion. The steam introduced with air
increases the energy output by steam reforming and water gas shift
reaction. Higher percent of catalyst of 50% Dolomite enhances syngas
quality by reducing the amount of tar. The optimum operating conditions
that meet with energy requirements of the poultry house was achieved at
chicken litter feeding rate of 0.7kg/h or equivalence ratio of 0.289 and
temperature profile of 670°C and 50% of catalyst presence with gasifying
agent of enriched air with steam that can change air temperature of 20°C
in ten minutes. The gasifier provides total energy (surround and syngas)
of 14.97MJ/h and consumes of 1.85MJ/h. Whereas with gasifying agent of
air only reduces the amount of energy consumed to 1.44MJ/h and
produces total energy of 13.34MJ/h. Calorific value of syngas achieved in
both cases (air with steam and air only ) are 5.75 and 5.11MJ/kg,
respectively.

INTRODUCTION

nvironmental condition inside poultry houses is the most

important factor affecting broiler improvement and yield. With

optimal environmental condition, the highest performance can be
obtained with less feeding (Gornowicz et al., 2007). Air temperature
should be maintained by using supplementary heating especially at low
temperatures of weather. Most of poultry houses in Egypt use Liquefied
Petroleum Gas (LPG) for warming purposes. The growth of domestic
consumption of LPG is likely to increase after the year of 2000 and
reduce exports to nearly 64 thousand tonnes by 2010. By 2015, Egypt
became an importer of LPG by 26 thousand tonnes (UN, 2016 and OGJ,
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2016). On the other hand, nowadays the chicken litter disposal which
contains wood chips, manure, feathers and spilled food is becoming a
major problem, due to environmental and health concerns. The increment
of these wastes accompanying the annual growth of 3.7% of poultry
industry with total production of 851 thousand tonnes (FAO, 2013) is
deteriorating waste handling. The fertilization practice of Tilapia ponds,
depends on the application of chicken litter before farm stocking for
ecosystem forming in the pond, was done in Egypt and all around the
world for its stimulation of plankton growth in the pond (Knud-Hansen
et al., 1993; Yi, 1998; Lin and Yi, 2003; Elnady et al., 2010). But this
application strategy in last five years ago encountered a lot of problems
such as some emergent dangerous diseases found in poultry house and
affects severely the poultry production such as streptococcus which can
infect or contaminate the fish ponds easily by contact. At the north area of
Delta zone of Egypt, these diseases have a critical impact on human
health that rises by lower water availability and quality. The other
disposal method is land application which leads to pollute water resources
due to leaching and runoffs (Hinton, 2000). For those reasons the demand
on the poultry litter as an organic matter with highly nitrogen content
source is reduced to be merely nothing. So the disposal of poultry litter is
becoming a problem for human health and environmental concerns.
However, chicken litter can be potentially converted into heat energy by
combustion processor into gas by thermal gasification process to meet the
energy requirements inside poultry houses. Gasification is a
thermochemical conversion process of solid carbonaceous biomass
(chicken litter) into a gaseous energy carrier called "syngas™ or "product
gas" in the presence of gasifying agents (Arena, 2012), such as
atmospheric air (Mansaray et al., 1999), steam (Xiao et al., 2010a;
Pauls et al., 2016), CO, (Cheng et al., 2016) and enriched air with O,
(Nam et al., 2016) to produce a product gas of high heating value
including CHy4, CoHg, Hy, CO, CO,. However, (Barisano et al., 2016) use
steam and oxygen mixture as a gasifying agent in fluidized bed gasifier,
but there is no significance difference in comparison with oxygen
enriched air. High moisture content in the chicken litter could stimulate
the steam gasification generating a high percentage of hydrogen in the
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syngas (H2+CO). Fluidized bed gasification is the most advanced and
extensive technique used for thermochemical conversion of different
biomasses to energy with high economic and environmental issues (Xiao
et al.,, 2010a). Gasifiers may be categorized as 'single stage' and
'multistage’ arrangement (Hamel et al., 2007 and Xiao et al., 2010b).
There are a lot of investigations on biomass conversion with and without
catalysts, using different gasifying agents; temperatures and gasifiers
design (Moustakas et al., 2005; Lemmens et al., 2007; Gomez et al.,
2009; Mastellone et al., 2010). Char and tar are byproducts from
gasification process. Char is a residual solid material from devolatization
or pyrolysis of the carbonaceous in biomass. Tars are mixture of phenols,
polycyclic aromatic hydrocarbons (PAHs) and heterocyclic compounds
(Kim et al., 2013). The major defect of using the chicken litter, as a
feedstock of auto-thermal gasification system, is it has lower ash melting
temperature of 639°C (Taupe et al.,, 2016). There is an inverse
relationship between the amount of tar and gasification temperature. The
amount of tar realized can be eliminated by high temperature gasification
(700-1500°C) or by the use of catalytic gasification (Dolomite, CaMg
(CO3),, Olivine, MgFe (SiO4), and commercial nickel, Ni-Al,03) with
lower temperatures (400-670) (Hernandez et al., 2016; Thakkar et al.,
2016). (Xiao et al., 2010a) investigate the presence of the catalysts in the
steam gasification that significantly increases total gas, improves the gas
quality and eliminates the tar content, but this field requires more
investigations to assure the technical and economical availability.
Gasifier design type also affects tar formation; quite high tar content
realized by updraft gasifiers 10-150g/m® for its lower heat transfer rate
(Coutoa et al., 2013). However the downdraft gasifiers with higher
operating temperature (1100-1200°C) can reduce the amount of produced
tar. Fluidized bed gasifier can overcome this limitation because of its
higher heat transfer due to the fluidizing nature of gasifier's bed (Lasa et
al., 2011).

The aim of the present study is to investigate the optimum operating
parameters of the manufactured fluidized bed gasifier for chicken litter
conversion to syngas with higher calorific value for further exploitation in
warming poultry houses. The effect of addition of different proportions of
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catalyst material to sand bed, three levels of temperatures, four different
equivalence ratios and two different gasifying agents on the quality of
syngas and energy output were considered in this investigation.

MATERIALS AND METHODS
The chicken litter feedstock was obtained directly from a poultry farm
located at 12 Elezbah Elbaidah village, Elhamoul district, Kafr Elsheikh
governorate during the period from December of 2015 to March of 2016
where wood chips were used for the main bedding. First of all, the
chicken litter was collected and dried by hot air at 55°C with a Quonset
greenhouse drying chamber with the dimensions of 1m wide, 2m long and
1m height until to be less than 10.2%wb moisture content and bulk
density of 389kg/m®. The processed litter was sized by screens between
20 and 35 meshes.
Experimental setup
The experimental system consists of five main parts: (1) fluidized bed
gasifier reactor (2) litter biomass feeding section (3) air and steam
supplying and preheating section (4) cleaning section and (5) thermal
application section to the poultry house.
Gasifier reactor
Figure 1 shows the schematic diagram of the experimental gasifier. The
reactor is constructed from two overlapped galvanic steel of 4mm thick
cylinders. The diameter of outer and inner cylinder is 47 and 40cm,
respectively and 1.07m height. The inner cylinder has a conical bottom
with 30° angle for optimum distribution between gas inlets through four
installed jets and chicken litter (biomass). The catalyst bed is located at
70cm height. Two cyclones are connected to the exit of the gasifier
reactor to separate the solid particles (dust, ash and char) fleeing from the
bed. The reactor and two cyclones are insulated with a flexible insulator
sheets to reduce the heat loss from the system. The gas leaves the
cyclones through an insulated pipe of 150mm inside diameter to the
ignition box in the poultry house. Liquefied petroleum gas (LPG) with a
typical specific calorific value of 46.1MJ/kg, which consists of a
mixture of propane (C3Hg) and butane (C4Hi0) was used for gasifier
heating.
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a-Feeder hopper;  b-Direct current motor;  c-Feeder's Auger;
d-Gasifier's Cover with lid Iatch, lid hinge and spring lid; e-Gasifier's body;
f-Liquefied petroleum gas;  g-Gasifier's bearers;

h-Pre-heater chamber for inlet air;  i-Air inlet tube (natural o1 mixed);
j-Gas outlet; Lk-Char outlet; I-Firing chamber;  m-Gas jets;
n-Supports nails to connect the inside cylinder with the outer shelter;
o-Insulator wool ; p-Dried litter inlet to gasification chamber;

q-Cyclone for outlet gas filtration; r-Gas inlet to cyclone;

s-Filtered gas outlet; t-Char outlet
u-To poultry house warming system network; v-Catalyst bed;
w-Regulator valve; GFM-Gas flow meter; X-Ignition port;

Z-Combustion chamber.

Figure 1. Schematic drawing of the chicken litter gasification system

Two commercial LPG cylinders were used: one for gasifier reactor and
the other for steam generator. Each one weighs 30kg (filled) and 17.5kg
(empty). Two points of fire inlet to the space between the outer and inner
shells of the gasifier. The LPG supply line was divided into two subways
to the fire inlet points. The first fire inlet point is used for heating the
catalyst bed chamber and the other is for fluidized bed reactor or
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gasification chamber. When the gasification condition is achieved by
obtaining the predetermined temperature, the LPG supply is stopped and
the preheat chamber acts as a simple wind box. Thermocouples of K-type
were installed at five measuring points to illustrate the temperature profile
inside the gasifier as shown in Figure 2. They are arranged regularly to
be in the two chambers and at bed catalyst.
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Figure 2. Thermocouples locations on the gasifier reactor

Gasifying agents and chicken litter supplying

Chicken litter biomass is introduced into the gasifier at height of 43cm by
screw-type feeder with 2.54cm in diameter which feed a precise uniform
amount of biomass continuously. The amount of biomass is controlled as
revolutions per minute, RPM that is determined previously for each
amount of each feeding rate. In countercurrent flow, the gasifying agent
(natural air or enriched air with steam) is introduced from the bottom by
air supplying system. The air supplying system consists of a blower
(Three phase, 0.37kW, 2850RPM, 50Hz, 220V and 13.4A, Italy),
pressure gauge, gate valve for controlling the airflow rate, by-pass valve
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to prevent overheating of the electric motor and airflow meter. Before
forced air inflowing to the gasifier reactor; it enters the preheat box
located beneath the outer shell and flows toward the combustion chamber
(the space between the conical bottom of the inner shell of gasifier and
the outer shell). This flowed air can distribute the fire homogenously
around the inner shell that raises the gasifier temperature swiftly. This
process can heat the entered air also tremendously. After that the heated
air enters the gasifier from the bottom through four jets positioned on the
inner shell to litter chamber (m). The heated gasifying agent can
decompose the chicken litter thermally, releasing primary raw gases. The
released gases are getting through the catalyst bed at the second chamber
accelerating the syngas reaction completion. The raw product gas
(syngas) is redirected to two clarifying cyclones to separate the byproduct
char. The steam is prepared by steam generator unit as shown in Figure 3
for air enriching at preheat chamber (h). Water feeding tank has a scale
for water level measuring. The level reduction can determine the amount
of steam consumed per hour.
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tothe &< =———-—
gasifier
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Steam
Boiler generator
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Water
Feeding
tank

100

T Combustion N
LPG chamber

— ]

Dimensions in cm

Legs
Figure 3. Schematic diagram of steam generator unit
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The whole system layout consists of two building structures, Figure 4.
The first structure is the gasifier room which has one inlet and outlet for
exchanging the surround air inside the room, suction fan (m) installed at
the end of the raceway 2 can force the air to move towards the air conduct
(i) carrying the thermal energy realized inside the gasifier room to
raceway 2 of the poultry house. The obtained syngas from the gasifier
also transferred to poultry house (raceway 1) through the gas conduct (n)
to an ignition box being released to the atmosphere. Thermal energy can
be transferred by convection to whole the raceway 1. Mass and energy
balance analysis was considered during the experiment running as shown
in Figure 5.
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[ | 1

m
o — 8= Raceway 2 L = TO
L S
N h Raceway 1 ©

Gasifier room 'I Poultry House IM
Dimensions in cm
a-Chicken litter feeder; b-Air blower with a gate valve; c-Window;

d-Liquefied petroleum gas; e-Gasifier; f -Cyclone for outlet gas filtration;
g-Char outlet;  h-Ignition box; i-Air duct;  j-Steam generator;

k-Water feeding tank  I-Window; m-Suction fan; n-Syngas duct;
T-Thermocouple locations.

Single arrow is syngas path  Duplicate arrow is heated air path from the
gasifier reactor surrounding

Figure 4.Whole system layout

Experimental procedure

The group of experiments were done by different feeding rates of chicken
litter biomass and air (natural air or enriched air with steam), as shown in
Table 1. The biomass feed rates ranged from 0.62 to 1.0kg/h, and airflow
rate is kept constant at 0.809kg/h. For equivalence ratio calculations,
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theoretical air or stoichiometric air measuring is important for the
determination of the nature of the burning process. The stoichiometric
ratio of chicken litter was determined by using equation 1 (Johari et al.,
2011) at the laboratory of Department of Chemistry, Faculty of Science,
Kafrelsheikh University. The result obtained is four mass unit of air to
one mass unit of chicken litter, and by substituting this stoichiometric
ratio in equation 2 gives four representative experimental conditions of
equivalence ratios of 0.326, 0.289, 0.227 and 0.202.

Volume of theoretical air required:

g0

gS

C H
Ay = 4.76 X 22.4( 8 &

12 g/mol * 4 g/mol 32 g/mol * 32 g/mol) Ean 1

A, = 8.88C + 26.66H — 3.330 + 3.33S by substituting the values of

Table 2 obtaining

A 394.6L air ~ 4.1
® ™ 100g Chicken litter ~
Chicken
litter :
Air
ot |0.809kgm
LPG
0.03kg/h e
14366 >| Gasification
MJh =
Raw
Char 0.25kg/, 1550 | | Sumounding| | )
3.07MJ/h 3.87MJM environment || | Raceway2
5.5MJ/h

Gas
cleaning

Clean
syngas
1.25%kg/M
3.87MJ

Tar and water out 0.3kg/h,
OMJ/h

Racewayl

Figure 5. Flowchart of mass and energy balances of gasification process

at low heating value of chicken litter
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Table 1. Equivalence ratio (ER) under investigation for natural air and
enriched air with steam gasification

Parameter Startup Experimental cases

1 2 3 4
Chicken litter 2.0 0.62 0.70 0.89 1.0
feeding rate, kg/h
Natural air, kg/h 12.56 0.809 0.809 0.809 0.809
Equivalence 1.57 0.326 0.289 0.227 0.202
ratio, decimal
Parameter Startup Experimental cases

5 6 7 8
Chicken litter 2.0 0.62 0.70 0.89 1.0
feeding rate, kg/h
Enriched air with | 12.56+0.12 | 0.809+0.12 | 0.809+0.12 | 0.809+0.12 | 0.809+0.12
steam
(air+steam), kg/h
Equivalence 1.57 0.326 0.289 0.227 0.202
ratio, decimal

For gasifier initialization, the equivalence ratios are high as 1.570 and
1.585 for natural air and enriched air with steam gasification,
respectively. During the first hour of this process, the amount of chicken
litter consumed is 2kg. The catalyst bed temperature can be achieved and
kept constant by adjusting the valve controlling the flow of LPG to the
catalyst chamber. The temperature of litter chamber is under investigation
for gasification process evolutionary. Three levels of treating temperature
were considered of 430, 560 and 670°C. The flow rate of natural air and
enriched air with steam is kept almost constant in all the experiments at
0.809kg/h to achieve the same gas residence time for both cases and to
maintain the fluidization of the chicken litter bed in bubbling regime.
However, the chicken litter feeding rate varied from 0.62 to 1.0kg/h.

Actual air chicken litter ratio Eqn 2

~ Stoichiometric air chicken litter ratio
Raw Dolomite, obtained from the Geology Department, Faculty of

Science, Kafrelsheikh University, is added separately to the coarse sand
bed (1-2mm) in different proportions (20, 30 and 50%) to determine the
optimum combination of sand bed material with the catalyst at different
levels of reactor temperature from 430 to 650°C. An energy balance was
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carried out to determine the gasification process performance at different:
equivalence ratios, proportions of catalyst mixed with sand, gasifying
agents and temperatures. Indoor poultry house temperature at raceways 1
and 2 is controlled by the heat flux coming from gasifier room (Qgas).
Resulting heat energy in the poultry house is owed to the summation of
heat loss from: walls (Q..n), Windows, door and roof (Q,,), air infiltration
(Qinf) and ventilation (Qyent) and heat generated by chickens (Q,,) (Xin
et al., 2001). The energy balance through equations 3, 4 and 5 (modified
after Dounis et al., 1995) of the room air temperature difference dT,, air
mass m, and air specific heat c,is written as:

ans =m,aC,dT, = Qy — Qy Eqn 3

Heat loss Qpfrom structural elements can be calculated by using the
following equation during winter season:

Egqn 4
QL =A. At-z U = Qcon + Qw *+ Qinr + Qvent

Where ). U is the coefficient of conductance of structural elements
(Wm?K™), A is the surface area of structural elements in m?, At = (t; —
t,) is the difference between inside t; and outside t,temperature of
poultry house (K).

Total thermal conductance coefficient (U) can be calculated by using the
following equation:

U 1
1 di 1
7t s, Ty Eqn 5

Where f; and f;, are the surface coefficients of inside and outside thermal
conductance of structural elements (Wm?K™), d and k are width of
structural elements in m and thermal conductivity in Wm™'K™,
respectively. The stocking density of chicken in raceway 1 and raceway 2
was 0.05m? per chicken.
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Table 2. Proximate and ultimate analysis of chicken litter

Ultimate analysis (wt.% dry)

Nitrogen 4.83
Carbon 39.59
Hydrogen 5.17
Oxygen 30.53
Sulfur 0.98
Proximate analysis (wt.% dry)

Volatiles 53.16
Fixed carbon 15.8
Ash content at 550°C 21.65
High heating value, HHV (MJ/kg) as received | 12.99
Low heating value, LHV (MJ/Kg) as received 11.42
Moisture (wt.%) as received 30.16

RESULTS AND DISCUSSION

Microclimatic conditions

Figure 6 shows the suitable time for experimentation is from 12:00AM to
7:00AM because the outside (ambient) air temperature is almost constant
at 12°C during the period from the 2™ to the 18™ of January of 2016 and
11°C during the period from the 19™ of January to the 22" of February of
the same year. Thermal energy released to the surround in the gasifier
room is flowed to raceway 2 to be measurable as a temperature indicator
of the gasification process. Syngas energy also measured in raceway 1 as
thermal energy used for warming in this raceway. Figure 7 shows the
hourly deficit thermal energy of 1858.08kJ/h during the period from
12:00AM to 7:00AM for temperature difference of 11°C between the
desired air temperature of inside of 23°C and outside air temperature of

12°C. Further daytime, the hourly net thermal energy starts to increase to
be excess from 9:00AM to 7:00PM. This means that, at this period, the
thermal energy will be accumulated and air temperature inside will
increase to be above 23°C. From Figure 7, it's observed that the poultry
house needs for the thermal energy supplying during the period from
7:30PM to nearly 9:00AM. But the extreme requirement starts from
11:00PM to 7:00AM. The ventilation rate of raceway 2 was calculated
according to the moisture production by chicks and air supply conditions.
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The psychrometric chart was employed to determine air supply conditions
to meet with these energy requirements. The gasifier was adjusted
primarily to investigate all the operating parameters to elucidate the
gasifier performance under these duties. The experiment was done at
steady state conditions which is from 12:00AM to 7:00AM (the air
temperature difference between inside and outside is 11°C for seven
hours).
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Figure 6. Weather conditions during the experimental run

To define the state points on the chart, see Figure 8. "Desired" is the
poultry house temperature of 23°C and 70% relative humidity to be
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maintained. "Outside" is the environmental air temperature of 12°C and
air relative humidity of 90%. "Actual™ is the measured air characteristics
of poultry house temperature of 16°C and 87% relative humidity. "Supply
1" is the applied air characteristics if all the outlet air from the poultry
house is recirculated, and "Supply 2" if there is no circulation and the air
inlet is totally from the outside environment. "Room ratio line" was
calculated by dividing the generated heat from chicks of 8424.5kJ/h by
the sensible heat loss of 1858.08kJ/h, which gives ratio of 0.82 that can be
drawn on the protractor, top segment, on the chart and transfer this line
onto the chart so that it passes though the point "Desired"”, a horizontal
line from the point "Actual” to the right hand side of the chart can
determine the point of "Supply 1" by intersecting the "Room ratio line".
The same process can be done with the state point of "Outside" to
determine the point of "Supply 3". The state point of "M" is determined
by measuring the line drawn of "Actual” — "Outside" and multiplies this
by the mixing ratio of 0.5, a mixture of 50% of natural air and outlet air
from the poultry house, so the point M is positioned in the center of the
line and its psychrometric characteristics is 14.5°C and 88% RH. The
point of "Supply 2" can be obtained by the same process discussed above.
The psychrometric characteristics achieved of the first "Supply 1", second
"Supply 2" and third "Supply 3" case of air application are: (48°C, 14%
RH, 0.00977kg vapor/kg dry air), ( 56.5°C, 8.9% RH, 0.00940kg
vapor/kg dry air) and (65°C, 5% RH, 0.00811kg vapor/kg dry air),
respectively. The calculated airflow rate is of 57.207kg/h. The amount of
energy applied to the air from the outside is 3112.06kJ/h, whereas the
amount of energy is reduced, when the air is of 50% mixture, to
2506.24kJ/h and 1858.08kJ/h when there is no air exchange. In this
investigation the third case of air supplying "Supply 3" is applied. So the
sensible energy required, for both raceways 1 and 2, are 3112.061kJ/h and
there is no latent energy will be applied.

Thermal gasification of chicken litter

In this study; different proportions of catalytic steam and air gasification
under different heating temperatures of chicken litter have been
investigated by a series of experiments. The effects of treating
temperature (430, 560 and 670°C), catalyst presence percent (20, 30 and
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50%) in the coarse sand bed (1-2mm), gasifying agent (air only and air
with steam) and equivalence ratio (0.326 (0.62kg/h), 0.289 (0.70kg/h),
0.227 (0.89kg/h) and 0.202 (1.00kg/h)) on syngas energy and energy
released to the surround.
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Figure 7. Net thermal energy at each daytime hour at raceway 2 without
any modifications
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Figure 8. Supply air characteristics determination by the psychrometric chart
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Effect of treating temperature

The reaction temperature inside the litter gasification chamber is the most
important factor for the overall gasification process. Figure 9A shows the
temperature profiles in the gasifier. Chicken litter introduced to the
gasifier decomposes thermally based on the temperature of
circumferences. It was observed as the temperature profile of the gasifier
increases, air temperature of raceway 1 and raceway 2 increases
subsequently due to the higher energy obtained from the thermal
decomposition of chicken litter, Figure 9B. As equivalence ratio
decreases from 0.326 to 0.289 or the chicken litter induced increases from
0.62 to 0.70kg/h, air temperatures inside the raceway 1 changes from 1.6,
2.5 and 7.0°C to 3.7, 7.0 and 10.8°C in ten minutes at treating
temperatures of 430, 560 and 670°C, respectively at 50% of catalyst
presence percent and gasifying agent of air only. The same trend was
obtained at raceway 2. This is because the low feed rate of biomass
against the gasifying agent flow rate yield less combustion heat and hot
product gas; whereas higher changes of air temperatures were obtained at
equivalence ratios of 0.289 and 0.227 for higher homogenous distribution
between the two solid and air reactants. The gasifying agent of air with
steam has higher effect on air temperature changes of 20°C in ten minutes
at equivalence ratio of 0.289 and treating temperature of 670°C. The
chicken litter introduced experiences preheating and combustion inside
the gasifier and it turns into combustion gases and then take part in the
gasification process. In the presence of steam, the vapor react with carbon
monoxide releases more hydrogen gas that acts as a heat transfer medium
of the new introduced litter that generates more thermal energy from the
biomass. The relationship between litter expansion in the gasifier reactor
and gasification progress is notable until certain limit that achieved at
equivalence ratio of 0.289.

Released and consumed energy

In order to investigate the conversion details of this thermochemical
process of the gasifier, the amount of energy consumed and released of
each treatment was plotted in Figures 10 and 11. Energy used for gasifier
and gasifies agents (air only or air with steam) temperature conditioning
is considered as a consumed energy. The energy obtained from the syngas
can be calculated based on air temperature changes inside raceway 1 as
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illustrated above with time in Figure 9, and the energy emitted to
surround can also be calculated according to air temperature difference
inside raceway 2.
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Figure 9. Vertical temperature distribution of the gasifier (A) and air
temperatures changes inside the poultry house at raceway 1 and raceway 2 (B)
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Figures 10 and 11 show the amount of energy magnified when using
thermal gasification of chicken litter as an alternative source of energy.
Total energy obtained, summation of energy of syngas and the energy
released to surround, is about 9.28 times higher than the consumed
energy. Maximum total energy of 14.97MJ/h obtained was at treating
temperature of 670°C, equivalence ratio of 0.289, 50% of bed catalyst,
and the gasifying agent of air with steam, that magnifies thermal energy
with only 8.08 times due to higher energy consumed of 1.85MJ/h for
steam generation and gasifier conditioning at 670°C. Whereas the
maximum magnification of thermal energy is 9.28 times could be
obtained at treating temperature of 670°C, equivalence ratio of 0.289,
50% of bed catalyst, and the gasifying agent of air only.

Effect of equivalence ratio and catalyst presence percent

Equivalence ratio (ER) is an important parameter that determines the
amount of thermal energy released during the exothermic reactions of
chicken litter bed. This run of experiments was done to define the
optimum equivalence ratio with the gasifier under investigation.
Gasifying agent flow rate is kept constant during the experiment at
0.809kg/h. For this reason chicken litter feeding rate is a limiting
determinant of equivalence ratio magnitude. Higher values of ER towards
the reaction to combustion process due to the reduction in chicken litter
feeding rate against the heated airflow rate as well as the gas outlet
temperature increases, similar trends were also obtained by (Kim et al.,
2013; Thakkar et al., 2016). The increase in ER from 0.202 to 0.289
increases the air temperature inside the gasifier due to the enhancement of
chicken litter mixing with the heated air that progresses heat transfer in
the reaction zone. Larger ER of 0.326 or lower chicken litter feed rate of
0.62kg/h decreases enough the bed provided for gasification process. As
chicken litter feeding rate increases from 0.62 to 0.70kg/h, the released
energy increases tremendously in all experimental cases with an average
of 55.3%, Figure 12. At low treating temperature of 430°C, the effect of
catalyst bed percent has no effect on the released energy. However at
higher treating temperatures of 560 and 670°C in steam gasification
process with the highest presence percent of the catalyst (50% Dolomite)
causes a significant increase of syngas yield more than 36% of energy
output and low light tar was observed in the cyclones (cold traps). The
energy output increases due to higher formation of hydrogen in the
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product gas. These results indicate that the catalyst promotes tar cracking
and steam reforming. Therefore, it improves the quality of syngas and
diminishes the tar content in the product gas. These results are in

agreement with (Xiao et al., 2010a).
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CONCLUSIONS
Thermal gasification technique is a reliable process for energy releasing
from chicken litter at low temperatures used for poultry houses warming.
Chicken litter feed rates and air were controlled the change of equivalence
ratios and vary the internal conditions. Air temperature changes as energy
output of thermal gasification was measured in duration time of ten
minutes. Optimum equivalence ratio achieved of 0.289 can raise air
temperature from 14.88 and 13.6°C to 31.66 and 24.4°C for raceway 1
and raceway 2, respectively, at ideal treating temperature of 670°C and
gasifying agent of air only. However when air and steam mixture is used
as a gasifying agent increases air temperature inside the raceways but
consumes more energy than when air only used as a gasifying agent. Raw
Dolomite is used as a catalyst which is necessary for gasification with low
air temperature that reduces the amount of tar found in cyclones and
raises the calorific value of syngas. As presence percent of Dolomite
raises in the sand bed from 30 to 50% with equivalence ratio of 0.289 and
temperature profile of 670°C, the calorific value of syngas increases from
4.17 to 5.12MJ/kg. However when the steam is used, the calorific value
of syngas increases to 5.75MJ/kg. Thermal energy emitted to the surround
was exploited by replaced continuously by natural air and directed to
raceway 2. The amount of this energy exceeds about 48% of energy
content of the product gas. For further investigations, the fluidized bed
gasifier reactor needs some studies about the relationship between
fluidization number, air pressure drop and maximum chicken litter
feeding rate and airflow rate can execute with optimum achieved
equivalence ratio in this study of 0.289.
REFERENCES
Arena, U. 2012. Process and technological aspects of municipal solid
waste gasification: A review. Waste Management, 32: 625-639.

Barisano, D.; G. Canneto; F. Nanna; E. Alvino; G. Pinto; A. Villone; M.
Carnevale; V. Valerio; A. Battafarano and G. Braccio. 2016.
Steam/oxygen biomass gasification at pilot scale in an internally
circulating bubbling fluidized bed reactor. Fuel Processing
Technology, 141: 74-81.

Misr J. Ag. Eng., January 2017 - 479 -



BIOLOGICAL ENGINEERING

Cheng, Y.; Z. Thowa and C. Wang. 2016. Biomass gasification with CO,
in a fluidized bed. Powder Technology, 296: 87-101.

Coutoa, N.; A. Rouboaa; V. Silvaa; E. Monteiro and K. Bouziane. 2013.
Influence of the biomass gasification processes on the final
composition of syngas. Energy Procedia, 36: 596—606.

Dounis, A. I.; M. J. Santamouris; C. C. Lefas and A. Argiriou. 1995.
Design of a fuzzy set environment comfort system. Energy and
Buildings, 22: 81-87.

Elnady, M. A.; H. A. Hassanien; M. A. Salem and H. M. Samir. 2010.
Algal abundances and growth performances of Nile Tilapia
(Oreochromisniloticus L.) as affected by different fertilizer sources.
Journal of American Science, 6(11): 584-593.

FAO. 2013. Food and Agriculture Organization of the United Nations:
Statistical yearbook, world food and agriculture, Rome.

Gomez, E.; D. Amutha; C. Rani; D. Cheeseman; M. Deegan; Wisec and
A. Boccaccini. 2009. Thermal plasma technology for the treatment
of wastes: a critical review. Journal of Hazardous Materials, 161:
614-626.

Gornowicz, E.; L. Lewko and J. Gornowicz. 2007. Effects of air
temperature in the final growing period and of bird strain on carcase
and meat quality in broiler chickens. Polish journal of food and
nutrition sciences, 57: 4(A): 175-179.

Hamel, S.; H. Hasselbach; S. Weil and W. Krumm. 2007. Auto-thermal
two-stage gasification of low-density waste-derived fuels. Energy,
32: 95-107.

Hernandez, J. J.; M. Lapuerta and E. Monedero. 2016. Characterization of
residual char from biomass gasification: effect of the gasifier
operating conditions. Journal of Cleaner Production, 138: 83-93.

Hinton, M. H. 2000. Infections and intoxications associated with animal
feed and forage which may present a hazard to human health.
Veterinary Journal, 159(2):124-138.

Misr J. Ag. Eng., January 2017 - 480 -



BIOLOGICAL ENGINEERING

Johari, A.; H. Hashim; M. Ramli; M. Jusoh and M. Rozainee. 2011.
Effects of fluidization number and air factor on the combustion of
mixed solid waste in a fluidized bed. Applied Thermal Engineering,
31: 1861-1868.

Kim, Y. D.; C. W. Yang; B. J. Kim; K. S. Kim; J. W. Lee; J. H. Moon;
W. Yang; T. U. Yu and U. D. Lee. 2013. Air-blown gasification of
woody biomass in a bubbling fluidized bed gasifier. Applied
Energy, 112: 414-420.

Knud-Hansen, C. F.; T. R. Batterson and C. D. McNabb. 1993. The role
of chicken manure in the production of Nile tilapia
(Oreochromisniloticus L.). Aquaculture and Fisheries Management,
24: 483-493.

Lasa, H.; E. Salaices; J. Mazumder and R. Lucky. 2011. Catalytic steam
gasification of biomass: catalysts: thermodynamics and kinetics.
Chemical Reviews, 111: 5404-5433.

Lemmens, B.; H. Elslander; I. Vanderreydt; K. Peys; L. Diels; M.
Osterlinck and M. Joos. 2007. Assessment of plasma gasification of
high caloric waste streams. Waste Management, 27: 1562—-1569.

Lin, C. K. and Y. Yi. 2003. Minimizing environmental impacts of
freshwater aquaculture and reuse of pond effluents and mud.
Aquaculture, 226: 57-68.

Mansaray, K. G.; A. E. Ghaly; A. M. Al-Taweel; F. Hamdullahpur and V.
I. Ugursal. 1999. Air gasification of rice husk in a dual distributor
type fluidized bed gasifier. Biomass and Bioenergy, 17:315-332.

Mastellone, M. L.; D. Santoro; L. Zaccariello and U. Arena. 2010. The
effect of oxygen nenriched air on the fluidized bed co-gasification
of coal, plastics and wood. 3" International Symposium on Energy
from Biomass and Waste, Venice, Italy, 8-11.

Moustakas, K.; D. Fatta; S. Malamis; K. Haralambous and M. Loizidou.
2005. Demonstration plasma gasification/vitrification system for

Misr J. Ag. Eng., January 2017 - 481 -



BIOLOGICAL ENGINEERING

effective hazardous waste treatment. Journal of Hazardous
Materials, 123:120-126.

Nam, H.; A. L. Maglinao Jr.; S. C. Capareda and D. A. Rodriguez-
Alejandro. 2016. Enriched-air fluidized bed gasification using
bench and pilot scale reactors of dairy manure with sand bedding
based on response surface methods. Energy, 95: 187-199.

OGJ. 2016. Oil and Gas Journal: Africa gaining importance in world LPG
trade.http://www.ogj.com/articles/print/volume-95/issue-19/in-
thisissue/general-interest/africa-gaining-importance-in-world-Ipg-
trade.html, visited on 25/12/2016

Pauls, J. H.; N. Mahinpey and E. Mostafavi. 2016. Simulation of air-
steam gasification of woody biomass in a bubbling fluidized bed
using Aspen Plus: A comprehensive model including pyrolysis,
hydrodynamics and tar production. Biomass and Bioenergy, 95:
157-166.

Taupe, N. C.; D. Lynch; R. Wnetrzak; M. Kwapinska; W. Kwapinski and
J. J. Leahy. 2016. Updraft gasification of poultry litter at farm-scale
— A case study. Waste Management, 50: 324-333.

Thakkar, M.; J. P. Makwana; P. Mohanty; M. Shah and V. Singh. 2016.
In bed catalytic tar reduction in the auto-thermal fluidized bed
gasification of rice husk: Extraction of silica, energy and cost
analysis. Industrial Crops and Products, 87: 324-332.

UN. 2016. United Nations: Statistics division energy statistics database.
https://knoema.com/UNSDESD?2016/un-statistics-division-energy-
statistics-database-2016, visited on 25/12/2016

Xiao, X.; D. D. Le; K. Morishita; S. Zhang; L. Li and T. Takarada.
2010b. Multistage biomass gasification in internally circulating
fluidized bed gasifier (ICFG): test operation of animal-waste-
derived biomass and parametric investigation at low temperature.
Fuel Processing Technology, 91: 895-902.

Misr J. Ag. Eng., January 2017 - 482 -



BIOLOGICAL ENGINEERING

Xiao, X.; D. D. Le; L. Li; X. Meng; J. Cao; K. Morishita and T. Takarada.
2010a. Catalytic steam gasification of biomass in fluidized bed at
low temperature: Conversion from livestock manure compost to
hydrogen-rich syngas. Biomass and Bioenergy, 34: 1505-1512.

Xin, H.; I. L. Berry; G. T. Tabler and T. A. Costello. 2001. Heat and
moisture production of poultry and their housing systems: broilers.
Transactions of the American Society of Agricultural Engineers,
ASAE, 44(6): 1851-1857.

Yi, Y. 1998. A Dbioenergetics growth model for Nile tilapia
(Oreochromisniloticus L.) based on limiting nutrients and fish
standing crop in fertilized ponds. Aquacultural Engineering, 18:
157-173.

w2l padlal)
Gl@.ﬂ\ A& B g9 Aadlaa daia
Cal gl g Addat Al Sagadl) Ales ddad) gy
*éw‘wdﬁub 5 aae cladl) de

S e e dead Gun a8 Al Gleluall aal e palsall delia e
GV 8 Aleall A el JSLERN e aaedl (e lad Ll V) A5 claliial) (g
G5y oelidll Juad b L gead s U Adagaall Al Cog Bl 300 o el T ki 5 2!
U ol o e lal 1A e e gl ) ) (sai e coalsall (e LESH 368 )
) 33y (A s baa gaill Bl &y al) g lall e Blaall fal sall &g 2803
cre Sl 138 g cad sall g A8l (g i) ciliiia aad (L PG Jleadl ) il gland e
Jobadl G Lgalasin il sl oda (el (1 3 3 Les 5 ) Gl (& (a5 paall
Gobll alaas (Y Tla3 il gansyl) s3gn sl AaeY Aaliall Jaill Jiluy bl 55 aae Sl
Ciapal 2l @lly ) A8LaYG oLl Jiad b lgde saull Ala g e 5 Al 55 5k Ay eadl)
Gy OIS Lo iy ddagsal) Aapll Gl jaian 5 Al A3V 8 galsall ¢ ) e A
szl gl Lgra Jaladll Cammy Al calsall Cgn (A (a1 (any ) sedal ks Ll
b el Lo ol Dyl dpan] Creadind Lo 13) Al A S de ju dmn il Lede

Al Lle (3 )5 de ) jall 8 Al clailell sa Suiat) A8l g ) 3l

Jaan FYON T il S Akl jES daala - Ao 3 4GS L Ae ) 3 Anigd) and - solose M) -
Faan YYONT Rudl) &S . Fadd) 6 daala - Ao 30 AS L el digh aud .l upde -Y

Misr J. Ag. Eng., January 2017 - 483 -



BIOLOGICAL ENGINEERING

i e 2all 33 sane Cad sall g A il Ao 31 clipdail) ol Al QLS5 1)
lae dlag) ) Gl 13a Ciagy 1A Lgtas (e 25 (AT del ) (Bhalie (B Gl Y1 o2
a8 LeDlaiuly Ji cllee I ZUaS Y palall Gign Jams 8 dalie Ay il
Clilie (e daidle 48y kg paladl)l Al deled)l JlaeV) 8 A s gl sall <oy
LedDliin) oSy )5 il sl deliva clilie (e Baal 5 zlaall i 8 i Galsall &) e
Allall A jall 8 ol all gl AuE Gk &3 Lgie A £ jA0uY A g AKS
D) Q5 ol sall g 3385 8 Lgaladind 5 slaall A 8 53 o sall 4 gual) ALy 2l
Ao ) jall gl )5S Aldlaay Jgalall 38 yay dapd) 4 3adl VY 4 0 5353 50 Gl 0 Ao ) 3e
3y A3 aaead o3 e 4 X0 T Wadlad Ao all O Cus Galsha (pend ) Tl sl e
Lo dal e da ;0 003 ) a da jo o Al ol s aladiuly Leddads alsall 350
ol e 7YY e BB asha (s sinall maal s e ) XY XY Laabed 4858030
5 Y Om le Jalie A8 AL 2 a3 xS yiofal ja sLS YA L 508 4 jalls AES, b
et (e patl) QUail) €5 | el o) el duilatie Glia e Jpeaall e YO
A5 ) Ay sl ALK 05 plad (V) Aadledl A8 80 5 ysrdll Jela (V) ity ol o]
Ban g () il sl (e il Hladl s gl (£) Jladls ol sell dae) gl (V) (zlaal
V) tomtise oo SN alaill Bl 0S5 galsall Gign ) Aloall B Jua s
45835 oy J ) Gl sal) (38 10 (ge 05SE s Gl sall e 3e sa DAY aall 3oaa
Lal e 51 a1 550 A pa (A sl OIS (e 4l A 5] ) Aal 48 el il 5Ll G5 e
A e Hsaall 3aa T (8 Aiaial) 3 ) jall JUEinY dapads 48 ¢ SO palsall B8
P At [ PR - N PENVRERENVE PN PR RER IR N AT P VA RUENw

A Al &) yaita

Gt A U ) sedl daS 48 pral zlaall 45 8 e Ao 28T &5 il Hall G e (520 aal
2 a3 1A A Al e S ) 1 edgn 2S¢ Al cul€s Wi T Al (e ) 551 Bas g
i o5 Ay el 3 B0 YOY 5 0 YYY 50 YAD 50 FYT s S s Ay
U (o (A8 s (8 oSaill Aeli/mS + A e (Dpsadll L) o) sel) Gl Janae
Jsmanll Gy Aelu/zS ) () o TY e o Sl zlaall 4358 405 Jase (A oSl
Jelie Jaly (Ul bslae ol sell ol 1aih o) gell) sl Japusd oLl (3 el e
Aalall o3 4 SlicY) Gam sl Jelie B (e Clygie &3 21 &5 sadll
Jeyaa 700 ¥ g ¥ iy Cuaglgall ald Lald 5 Bygiada 0 TV 50T 5 6V ag
daly Giaal) A8 il Ll A il e Jseandl Daglall 1 Al o &5 (aeY-)) opda
g slall i acae ol el elsedl Laay Sisad s i) & GlliS delidl)
el sl Jelaal (asrdl) Jass) o) sell la i¥ama 1385 3,4l 40335 Ci¥ase 23
& s Al (5 gise (B Jaal) A8 el a5l de ) e Jaly AU 5158 0 518 Tase e

Misr J. Ag. Eng., January 2017 - 484 -



BIOLOGICAL ENGINEERING

& cgmoaill a3 gkl pasal Ayl el Al (e de el cilaliia) Al
(ol sl Ae ) jay Aaaall dilaiall 3 daliall Caglall Jea AV Glild) any arens
die U Aol o o Al Aol 5l all cilaal b sl AT o aa g
S e o ladie 31 all cla e of s dalia Al deld) ) Jall) Caating
Ge VA e sl A e dan 1) Gl sie A0 VY A ukeall 5 all da
1y ol il ST e 5l oda Loal el Cum Y0V alad il d (e YY LN L
) pall dadall 8 el o ey A8 ()55 cliea JYA e Lol sl &l 3e e
YY) ada pnae gaill tes ) ada o e Llaalldelu JSI Jga slS YAOA 5 Hlase
AW aie Cilaall ol sl Gailiad aaail 4 yie s Kol Aoy AN aladial 23 35 s
sley A el Jaky e AS o) gell ann oy Leaimd LalA)) e Adlide Juadd sk
llae dygha s 7)€ Lpuai Aysha )5 Ay g A 0 EA Giliadl) ol sgll (ailiad ) oS5 4nas
700 szt elsa Z00) 70w Llall dus o sS5 Ladie s Cila ol sp &S/l &S 0 40 AYY
Lsh)s dysie da 0 070 Gliadll ol sell 5 pa da 0 5SE (Ao el dah e 6l
G dln (55 Y Lexie 5 cila ol &S/ i &S 0 00 A il dysh )5 ZA 9 A
3 a a0 0sSide )3l z )R e ormb ol sa s A o5 gl o) sed) US f T Lala
S A &S 00 oA dlllae dysh )5 70 A A5k ) 4 5he a0 0 Giliadll o) gl
) Bl s (alass) vie Cilaal o) 56l 5y A0 A g lipY) 1M ey il ol s
o) sgr SR o) sl st A G sune Bl jay B3 sikall AalSN Bl all ApeS iy ga
LeS 45500 da y0 €A i Ciliaall o) sed) 550 pa a0 i e Bliall 3y 5 13 Wl s
eS Gt o Jpeaall sl jla o) sell cub i &5 4ld ALyl e IV Al
dals Ve A Lk dgsie da ) VY 35 a da o Bliall 4 gllad) )l jall
50T 5 EF e el delia 3 ) ja Gla ja (e AdliAe Gl g SO6 L) 3 e ) Sl
Ao Ve L ote )6V el pall cila a sal a8l Jaaddl (e Ao g Aa pa Y
Sall el sell 3l ya dnyo 33 ) A e zlaall A3 8 o)) pall Jall ddee 2l 35 4 g
ASe Lo ie (38 dygie laa Voo () Y0 IV T e gl de e e Y
L pmid die Wl Lid g el Jpgll gy 700 Cuegdsall Lk dasg oYY
G B 5 ke A JY) Ga s ) el cila jo 8 sl adi i 6 YAR ) A
Lseda 0TV 50T S EV 3l m e die B A A seda ) Ay Ve 5TV
e Aadle ST AelufmS oV zlaall 48 d Al Jare of ) @l aa oy casi il e
OF ¢ YA LS G die Al iy lae AelfzS 0 A0S sl Dag Gl Jaee
Lo gse psrill s 005 Cumy paril Jelie Jabs RSl 48kl 2aas plaall 4858
1A (s sinall 5 Bnial) 2l el AUl AueS Clua Sl jall PR Lailata by 58
ol de 3 S I Gl Jala syl all da a8 el DA e gl il

Misr J. Ag. Eng., January 2017 - 485 -



BIOLOGICAL ENGINEERING

B LS Jia lede Joasiall 48Ul 3 pail) Jelia el d<lginal) 48Uy (5 al
e Jladl 3l e AS0giall A8Ua) Jilie Aol AUl Chielimd oSy (uldy 5l Ailiadl)
Aa il dalill ookl vie A pall ALK 53 gall Ay guad) A8l a5 JDA
A8 (A Cua gl sall Ao G 700 5 0 YA (S A Ay gie A 2 TV Jelidll ) s
Qe Conam 3 YA g Gl 308 e Jemnll o3 chadd (g gn 6l 5n a8 Jaus g s Salal)
Ll ) Zaad) & ) el 28Ul & san) 4yl s Ak & sane Slef Ll ASlginl) A8l
i e elsn aiaidang die il delu/dsalane V€AY L (il 5l dil 5 )
DA Al g 8 Al Al g i,y Sl g ASlgTall Al Conaa A 2 A Laih i )
2oy« YAY S daus 5 Agsie da ) V) A Al Jadil) ook (el die
ONY Ay da dad el 4 il Sl o oy (Ul ge slsa sk s
s 33 4l Badlll e Al Adne LN A il dly aS/0salase
Oalia) ae 7T Ly lgle Juasiall dill A€ Mo 00 ) Ye (e il

il 3l 83 sm (e 3 L i) Al A 8 s el

Misr J. Ag. Eng., January 2017 - 486 -



