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ABSTRACT 
A study was conductedfor two main objectives, the first one is to dispose. 
the agricultural wastes in a simple way by burning them in a system 
contain an eco-fitrnace. the second objective is to test the possibility of 
using the previous system to dispose the wastes jar warming poultly 
houses. Temperature drop inside the poultly houses especially in the 
winter months leads to lower the growth rate of poultry in addition to 
detrimental effect on feed conversion and poultry flock performance. On 
the other hand there is no doubt that the use ofelectricity or butane gas 
for heating farms especially in developing countries leads to increased 
production costs resulting in an increase in the price of the commodity 
marketing. This study was carried out to evaluate and analyze the effects 
of eco-jUrnace on warming poultry houses. In Egypt, storage of corn 
stalks and rice straw bundles present serious fire hazards and 
environmental pollution when farmers burn it to save time for preparing 
the land for the next crop. The major benefits of burning poultry litter, 
that all of the phosphorus,. potassium, calcium, magnesium and other 
valuable micro-elements in the litter would be captured in the ash, in 
addition to dispose toxic and harmful elements as microbes and viruses 
by burning. Preliminary experiments were conducted in order to select 
the most efficient eco-filter liquid in reserving exhaust ash and 
experi1!'entation has been conducted on three different types of liquids 
(water, water with solved lime, oil). Four types ofresidues materials (rice 
straw, corn stalks, cotton stalks and poultry litter); and three poultry 
house warming systems (eco-furnace, butane gas, and electricity) were 
taken as treatments in this study. The measurements included filtration 
liquid efficiency (%), poultry body weight (kg/bird), poultry mortality (%) 

and costs ofpoultry house warming process. The bestfiltration liquid was 
water with solved lime with efficiencies as follow J3, JJ, J6 and /9 % for 
rice straw, corn stalks, cotton stalks and poultry litter, respectively. 
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The mean body weight increased from 1.23 to 1.58 kg/bird at age of 35 
day when using the eco-furnace system. The mortality decreasedfrom 5.2. 
3.7. 2.8. 5.6 and 6.4 % to 3.9, 1.6. 1.3. 2.2 and 2.4 % at ages of 1 wk, 2 
wk, 3wk, 4wk and 5 wk, respectively when using the eco-Jurnace. The eco
furnace saved about 63 and 86% of the energy cost compared with the 
conventional systems of butane gas and electricity. So. conserving rice 
straw. corn stalks. cotton stalks and poultry litter to energy can solve 
serious environmental poilltion and providing millions of pounds in 
energy savings to poultry producers each year. 
Key words: Agricultural residues materials, Furnace. Combustion. 
Warming. Poultry houses. 

.ITRODUCTION 
Poultry (particularly chicks) in their initial phase (first two weeks of life) 
are very sensitive to low temperatures, which may negatively affect their 
development, leading to huge financial losses, especially in conditions of 
harsh winters, so failure of a poultry house space heating system can be 
catastrophic. In Egypt, heating broiler houses is essential in winter season, 
whereas cooling may be required in summer. Energy costs constitute a 
significant portion, often over half, ofcash expenses for poultry producers 
(Cunningham, 2008). Heat energy is added by propane fired heaters or 
electric heaters with. direct air heating to the facilities from the metabolic 
production of birds in Egypt, but recent shortages in propane have led to 
increased interest in biomass materials for heating poultry houses. In 
some locations growers are saving money by using furnaces to bum 
chips, coal, used motor oil or hay to heat their poultry houses, but there 
isn't a large quantity of them. So, burning rice straw, com stalks and 
poultry litter, produce as many Btus as propane and electricity and there is 
a large quantities of them. 
Field crop residues are considered one of the critical problems, which 
face the Egyptian fanner especially after harvesting. In Egypt, about 30 
million tons ofagricultural residues are generated each year (MOA 2007). 
Crop residues are considered the most critical problems facing the 
Egyptian farmer, especially after harvesting the crop. Egyptian fanners 
bum yearly about 2-3 ton/fed. of rice straw and 5.87 million ton of com 
stalks respectively as a means for disposing it and to save time for 
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preparing the land for the next crop (Helmy et aI., 2003). Poultry 
production has shifted from smaller family owned-fanns, to large-scale 
industrial facilities known as Concentrated Animal Feeding Operations. 
Commercial poultry production is one of the largest agricultural industries 
in Egypt. In poultry production, poultry are the major birds produced. In 
2008, poultry meat accounted for 87% where as other birds accounted for 
13% only (FAOSTAT, 2009). 
Removal of agricultural residues for framers by burn is wrongly way to 
make pollution surroundings. Poultry litter (manure plus absorbent 
biomass), is a waste product of the poultry industry that comes from 
floor-raised birds and consIsts of their manure, bedding material (usually 
waGe shavings), waste feed, and feathers. According to (Avila et a1., 
2007) the litter thickness is between 8 em and 10 cm, depending on the 
density Established. TI1e wood chip and fecal matter mixture is tenned 
litter and must be removed from the house floor periodically to promote 
good health and hygiene among the flocks. It is used in land applications 
as a fertilizer because it is rich in nutrients. But over application of this 
material could lead to an overabundance of water nutrients resulting in 
eutrophication of water bodies, the spread of pathogens, the production of 
phytotoxic substances, air pollution and emission of greenhouse gases. At 
the local level, poorly managed poultry litter stockpiles can cause large 
effluents of malodorous compounds primarily an1monias that reduce air 
quality (Siefert et al., 2004). Spreading poultry litter as a fertilizer that is 
high in N and phosphorus (P) content provides a suitable, economic, and 
convenient supplement to inorganic fertilizers. The excess P and N is 
quickly transported by runoff water into the neighboring rivers, lakes, and 
streams. These high levels ofNO) can cause cancer, respiratory disease in 
humans, foetal abortion in livestock and methaemoglobinaemia, a blood 
disorder in infants commonly known as 'blue baby disease' (Heoihan et 
ai, 2003) also reported that heavy rainfall can sweep the poultry litter 
applied to land into nearby ditches, streams and lakes. Surface water 
pollution by nutrients can lead to eutrophication, which is the excessive 
growth of algae that consumes aquatic nutrients and oxygen, and block 
sunlight But this poultry litter, is a viable and renewable energy source 
(Habetz et al., 20(6). So scientists and poultry industry leaders are being 
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challenged to find alternative ways of managing poultry litter (Deterling, 

2002). It is considered as an optimal technology to dispose the animal 
~aste with energy recovery (Sharpley et aL, 2001). One very good solution 
is utilizing excess poultry litter as a fuel to generate clean, renewable 
energy (Martin, 2000). Waste-to-energy is an excellent solution, and 
ultimately solves two problems: (I) Provides high value alternate use of 
poultry litter to reduce excessive land application (2) Provides valuable 
and renewable energy to help offset high energy costs. 
Corn is a "natural pellet" which facilitates fuel storage and handling. Corn 

has a higher heating value (HHV) of 6,900-7,000 Btu/pound, which 
equates to a lower heating value (LHV) of -6,000 Btu/lb at 15% moisture 
content (wet basis). Com stalks and rice straw are in general a low 

quality feed for Cattle, so this study investigated the performance of com 
stalks, a locally available agricultural waste material in warming poultry 
houses. The type of combusted gas was natural gas with a heating value 

of31.65 MJ per m3 (Heslinga and van Hannelen, 2(06) or propane with a 
heating value of 25.3 MJ/L). Electricity use (l kWh = 3.6 MJ) per house. 
When propane is combusted, 0.060 kg of C02 per MJ is generated for 

generating electricity; 0.17 kg of C02IMJ is emitted. (Internet research, 

2010&2014). 
Filtration is a process in which there comes to separating of dispersed 
particles from the dispersion medium. Dispersion medium may be 

gaseous (air). The application can be for cabin, air and flue gas filters, 
masks, medical equipment, electronics, clothes, etc. (Uruza, 2005). 
Researchers have shown that cold stress significantly influences the health, 

welfare, and production performance of animals in the cold region (li et aL, 

2(06). A wide range of technologies is available for heating in poulby sheds. 
There are a number ofadvantages and disadvantages to each type ofequipment, 
and poulby producers need to consider many factors prior to investment, 

including capital costs and operating costs, access requirements, heat output, 
heat distribution and unit distribution/placement (Czarick, 2008)Much research 
has shown that poulby litter having calorific values equivalent to low-rank coals 
(on the order of 5 000 BTIJ lb-I - 11 600 J g-I) can be combusted to generate 
energy (PIasynski et aL, 2002 and Miller et aI., 2002) (Davalos et aL, 2002). 

Pilot studies have been executed to develop small reactors that will provide 
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electricity to power poultIy houses through burning poultIy waste (Stranahan, 

S. Q., 20(4). Other research has shown that many useful chemicals and 
materials can stem from the thennal degradation of poultIy waste (Shinogi, Y. 
and Kanri, Y., 2003). A sample of broiler litter that has moisture of 16.3 %, 

volatile matter of61.4 %, fixed carbon of 13.30/0, and an ash of9010 will have a 
moisture and ash free heat value of 18,0 I0 kJ kg<1 (Dagnall, 1993). PoultIy litter 
has been shown to be a viable, renewable biomass fuel. The heating value' 
averages around 4100 Btullb (9550 kJ/kg) (Mukhtar, 2002), and is usually 
quite dry, around 25% moisture content, when compared to other biomass 
sources. The stoichiometric combustion of poultIy litter would result in an 
adiabatic flame temperature of approximately 2000°F - 21oo°F, which is more 
than adequate to prove the viability of poultIy litter as a thermal energy source. 
Broiler perfonnance is directly influenced by environmental conditions 
(Blahova et aL, 2007). Low ambient temperatures in combination with 

insufficient air velocity in broiler houses can have a negative effect on. for 
example, body weight gain, feed efficiency, health, and morta1ity rate (Aksit et 
aL,2008). 
Therefore, the objective of the present study was to help growers for wanning 
their fanns with a cheap and available material like rice straw, com sta1ks and ! 

poultIy litter that lower ammonia levels, which irritate poultIy eyes and ~ 

respiratory systems. This heating method is not only healthier for the birds, but 
also yields a lower morta1itY rate, higher weight gains and better feed 
conversions. 

MATERIALS AND METHODS 

To conduct the experimental wolk a new unit of agricultural residues eco
furnace was constructed from a local and a valuable cheep materials. A private 
poultIy open house with dimensions (55 x 10, m) and height of 3.40 m with 
5000 bird at Meet-Salseel, Elr Daqahliyah, Egypt was used in this study during 
the period from December to March. Three sections from the whole house was 
used for evaluation the three warming systems (eco-furnace, butane gas, and 
electricity). Each section contains 100 bird. 
Furnace description and operations:
Burning of agricultural residues was directly conducted in the conswnption 
chamber ofan eco-fumace 
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which was installed outside the poultry house. The produced heat of bwning 

process was assigned for heating fresh air in order to wanning the poultry house. 

It was taken into consideration that the exhaust gasses were :filtered before 

discharge to the external environment. TIle common and developed eco-furnace 
consists ofthe parts shown in figure (IA and B), respectively. 

runt 
mt'uf 

Figure (lA): The common furnace used for warming the poultry houses. 
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Figure (lB): A diagram illustrates the main parts 
of the developed eco-furnace system 
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(A) Combustion chamber:
 
The burning unit (~ace) was made ofgalvanize steel sheets with thickness of
 
0.7 mm, its dimensions are (2.5 x 1.75x l, m) with hinged door for providing
 
burning materials inside the combustion chamber. All parts of the burning unit
 
were tightly thennally insulated by heat insulator material (fiberglass wool)
 
covered hall outside sUlface of the combustion room. Perforated sheet and
 
movable tray were provided at the bottom of the combustion chamber for
 
collecting ash, and slot. A suction fan was also provided at the bottom of the
 
combustion chamber for air replacement during the burning process.
 

(B) An air-to-air heat exchanger:
 
A copper tube with sufficient length for heating fresh air while bathing through
 
the hot exhausted air without any mixing was used as illustrate in figure (2).
 

Air pump with electric thermostat for adjusting the temperature inside the
 
poultry house as recommended was attached at the outlet of the heat exchanger.
 
The pump was assigned for suction of fresh air through the heat exchanger and
 
pushing the resulted hot air inside poultry house.
 

It' I ...... nQ(all 

To...J ({ q ~ouI!n' house
Fnosb air 

~m utttttttiJttttttu 
o~ environment Hot exhaust 

Figm'e (2): All ail'-to-ab' heat exchanger' 

(C) Exhaust filtration unit: 
The eco-furnace was provided with a unit for filtration of the exhaust 
polluted particles and toxic gases before rising to the external 
environment. The filtered unit consists of tight bath filter liquid and 
an exhaust pipe dipped in it. There was another suction pipe above the 
filter liquid surface with a dry filter (dry Lachish) to carry out the 
filtered exhaust to the external environment. A suction fan was also 
used to help in movement of the exhaust components into the filtering 
unit. 
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Pruning material samples preparation and descriptions: 
Some considerations were taken in collecting the burning residues 
samples based on its characteristics and moisture contents. The samples 
of rice straw, corn stalks, cotton stalks and poultry litter were divided into 
equal volumes and air-dried after cutting it to a suitable length for 
combustion room dimensions, as summarized in the foHowing table (I) 
Table (I): the physical and mechanical properties of agricultural 
residues burning samples 

Thickness, mm Moisture content,% 

rice straw 4.5 12.3 
com stalks 40.8 9.1 
cotton stalks 20.3 8.6 
poultry litter - 8.2 

Studied parameters: 
(1) Residues type: four types of residues were used (rice straw, corn
 
stalks, cotton stalks and poultry litter).
 
(2) Poultry house warming system: three heating systems (eco-furnace,
 
propane and electricity)
 
(3) Eco-furnace filtration liquid: three types of exhaust filtration liquids
 
(water, water with solved lime and oil).
 
Measurements:
 
(1) Eco-fumace filtration liquid efficiency, %: A sample of 5 kg from
 
each type of agricultural residues was burned and filtrated in 1 liter of
 
filtration liquid. Filtration efficiency was determined from the following
 
equation:
 

Wlafter - Wlbefor
Filtration efficiency = Wl x 100 

after 

Where: 

Wlafter = filtration liqued weight after the filtration process, kg. 

Wlbefor = filtration liqued weight befor the filtration process, kg. 

(2) Poultry folk performance:
 
The effects of an eco-furnace on poultry folk performance were
 
analyzed based on:
 
A- The initial and final body weight (BW) of chickens was measured
 

during the experimental period (5 weeks). 
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B- Mortality was recorded daily and calculated as a percentage. The BW 
gain was corrected for dead birds. 

(3) Energy cost: - The total energy consumption was daily calculated for 
heating of the broiler houses during the experimental period. The 
consumption of electricity was also recorded using an electric meter. The 
total energy cost was calculated according to the local currency rate 
during the experimental period. 

RESULTS AND DISCUSSION 

(1) Effect of filtration liquid type on filtration efficiency. 

The effect of filtration liquid type on filtration efficiency, % was recorded 
(Fig. 4). The obtained higher levels of filtration efficiencies, % for rice 
straw, corn stalks, cotton stalks and poultry litter, were 13, 11, 16 and 19 
% with lime dissolved in water due to the high levels of carboll, which 

,..'	 was deposited by lime. The lower levels of filtration efficiencies, % for 
rice straw, com stalks, cotton stalks and poultry litter, were 11.5, 9.2, 13 
and 14 % with oil due to capture of pollutant particles and washing it 
away into the oil filter. It was observed that by using oil, there was a high 
flow resistance and a harmful polluted oil vapor generated. In addition to 
the high oil price. It was noticed that filtration efficiencies, % increased 
with filtration liquid type, according to the following descending order 
(water + lime >water >oilJ. 

o oil IlIII water+lime • water
'*' 20 -r'---- 

~ 15 
ell 

~ 10 
ell 

:8
C

5r1 g 
ij:; 0 

rice straw corn stalks cotton stalks poultry litter 

F1gure (4) : Effect of filtration liquid type on filtration efficiency, % for 
different types of burning residues. 
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Effect of eco-furnace on flock performance: 

The effect of the developed eco-fumace on the body weight (BW) gain of 
chickens at 35 day of age was recorded (Fig. 5). The mean BW gain, 
kglbird when burning the residues materials in the eco-furnace was 1.58 
kg/bird. There wasn't a significant increased in the BW gain, kg/bird 
when chickens were warmed with the eco-furnace compared with the 
common wanning methods by propane and electricity (1.58 vs. 1.6 and 
1.63 kg/bird), respectively. But there was a significant increased in the' 
BW gain when chickens were warmed in comparison with the chicken 
grown in an untreated fann 1.23 kglbird. This result is consistent with a 
previous study conducted by Dokken et al. (2010) who reported that the 
daily weight gain of broilers tended to increase due to improved climate 
conditions in the chicken house that used the heat exchanger. In the 
present experiment, the average BW gain, kg/bird of chickens with the 

..,.eco-furnace decreased by 1.25 and 3.07 % in comparison with the 
\

common warming methods by butane gas and electricity while it was l 
increased by 22.15 % when compared with the untreated farm. The heat ~ 
pump improved the internal air quality by supplying fresh air to the 
chickens house, which may reduce the inside dust and NH3 gas 
concentration. It was noticed that BW gain, kg/bird increased with 
wanning system, accor.ding to the following descending order (electricity 
> butane gas > eco-furnace). Meanwhile, the lost percentage of mortality 
for the un-treated house was 2.8 % at the third week .The highest 
percentage of mortality for the un-treated house was 6.4 % at the fifth 
week (Fig. 6).

[..~--:~~==:_::-::_=_:=::::=:_=-----_ .. 
I } 1.6 f---- -.. - ._ .. - -- ..-I"" _
I. I 

~..I i 1.58 +...... '''''0-' .. --- .... ..... -.-...-_.. 
/ ~I ~ I . III I 

I :: r-''''''- -- '. .:'.'''''' -.."':' --- ,
 
I eco-fumace Butane Ba. electricity
 
I
I WarmlnBsystem

! _.._-_..__._- _ _............................. ._-_ _.._ __ _..__..- __ _ -.._.._._ __ -_..__ _.
 

Figure (5) : Effect of heating system on DW gain of broiler
 
chickens at 35 day of age
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Figure (6) : The mortality, % with the un-treated house during the 
experimental period (1-35 day) 

In general, the maximum mortality, % during the study weeks were 
recorded with the untreated house, while the minimum were with the 
electricity system. The difference, % between the eco-fumace and the 
electricity systems were 12.82,31.25, 15.38, 13.64 and 29.17 % after the 
1 wk, 2 wk, 3 wk, 4 wk and 5 wk, respectively, but using the eco-fumace 
system can solve serious environmental problems and provide millions of 
pounds in energy savings to poultry producers each year (Fig. 9). It was 
noticed that the mortality, % decreased with heating system, according to 
the following descending order (electricity> butane gas > eco-fumace). 

• eco-fumace • Butane gas 0 electricity 

4.5 j------_.. 
4 

3.5 
~ 3 
~ 2.S fl}=~~===:=~~====~==
 
~ 2 
~ 1.S 

1 too 
,.:·]··---13--0.5 T 
~~ ,._.. :".

. 

- 
...... -j-'o .,.-. 

lwk 2wk 3wk 4wk Swk 

Figure (7): Effect ofheating system on the morta6ty, % ofchickens during 
the experimental period (1-35 day) 
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Estimation of energy cost: 

The total energy price for different studied heating methods showed that the eco
furnace .saved about 63 and 86% of the energy cost compared with the 
conventional systems that used butane gas and electricity, which is also in 
agreement with Choi et al. (2010). Generally, butane gas and electricity are used 
in Egypt as energy source for heating poultry houses, which is costly. As the 
country is extremely susceptible to rises in butane gas and elect1icity prices, it 

needs to reduce butane gas and electricity use. In the present experiment, though 
the residues materials consumption which are sufficient in warming poultry 
houses and not more economic~l1 when total energy consumption was considered. 
Therefore, birds were raised much more economically in the new system than 
those in the conventional systems under prevailing climate conditions. So, the eco
furnace system energy source used in the chicken house will be an effective 
alternative, renewable, and clean energy source for Egypt 

CONCLUSION 
TIle best filtration liquid was water with solved lime with efficiencies as follow 13, 
11, 16 and 19 % for rice stIaw, com stalks, cotton stalks and poultry litter, 
respectively. The mean body weight increased from 1.23 to 1.58 kWbird at age of 
35 day when using the eco-fumace system. The mortality decreased from 5.2, 3.7, 
2.8, 5.6 and 6.4 % to 3.9, 1.6, 1.3, 2.2 and 2.4 % at the 1 wk, 2 wk, 3wk, 4wk and 
5 wk, respectively when using the eco-fumace. The eco-furnace saved about 63 
and 86% of the energy cost compared with the conventional systems that used 
butane gas and electricity. From the results ofthe experiment, it is concluded that 
the eco-fumace system could increase dle production perfonnance of chickens 
due to increase inside air quality with inlproVed housing environment. It is also 
concluded that the eco-fumace system has lower energy cost than the conventional 
heating system for chickens. Also combustion ofresidues materials like rice straw, 
com stalks. cotton stalks and poultry litter used to recover heat and ash fractions 
containing phosphorus and potassium that can be used in fertilization. 
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