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Analysis of the energy efficiency of poultry houses in the Bursa region of Turkey

I. Kilic*

Biosystems Engineering Department, Faculty of Agriculture, Uludag University, Bursa, Turkey

(Received 28 October 2014; accepted 5 January 2015)

Energy use in the poultry sector has grown with increasing population and standard of living. The aim of this study was
to determine energy use, energy efficiency and energy consumption for broiler and laying farms in the Bursa region of
western Turkey. The data were collected using surveys with an interview-based questionnaire, which were administered
at 29 broiler farms and 48 layer farms. An energy input–output analysis was performed, and the significance of energy
consumption differences between broiler and layer farms was determined by an analysis of variance. The energy
consumption of broiler and layer farms was found to be 438.568 and 516.848 MJ(1000 bird)−1, respectively, whereas
energy output was 250.401 MJ(1000 bird)−1 for broiler farms and 384.690 MJ(1000 bird)−1 for layer farms. The forms
of indirect energy and renewable energy in the total average energy inputs were higher than the direct and non-
renewable energy forms for all the surveyed poultry farms. It was found that feed had the highest share among the
energy inputs for both types of poultry farms. The results of energy use efficiency illustrate that energy in broiler farms
was efficiently used, whereas energy use in layer farms was not efficient.
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1. Introduction

Poultry (broilers and layers) are kept for the production
of eggs and meat, and provide an acceptable form of
animal protein to most people throughout the world.
During the last decade, many developing countries have
adopted intensive poultry production to meet the demand
for this form of animal protein (FAO 2013).

According to the USDA (October 2012, Livestock
and Poultry: World Markets and Trade; Anonymous
2013a), Turkey is ranked seventh highest in worldwide
chicken meat production, at 1687 thousand tons of
chicken meat, with more than 12,000 broiler establish-
ments in the country. Using international technology and
quality standards, Turkish poultry producers, which
represent the largest animal source food producer in
Turkey, play an important role in both animal food and
poultry production. Poultry production continues to
contribute to the country’s economy, with approximately
2 million people making their living in poultry sector
(producers, farmers, tradesmen, feed, medicine, feed
industry, transportation, marketing and their families).
The annual turnover of the sector is US$4.5 billion
(Anonymous 2013b).

In recent years, the productions of eggs and poultry
meat in Turkey have been increasing due to the being
relatively low price, rapid reproduce and high rate of
productivity of poultry. According to data obtained from
the Turkish Statistical Institute (TUIK 2013), in 2012,

the number of laying hens, broilers, eggs and chicken
meat produced were approximately 85 million tons, 169
million tons, 15 million tons and 1.7 million tons,
respectively.

Poultry production is an important sector within the
animal production industry, and energy use in this sector
has increased with the population and standard of living.
These factors have encouraged an increase in energy
inputs to maximize growth, feed efficiency and profit-
ability, to minimize labour-intensive practices, or both
(Atilgan & Koknaroglu 2006; Esengun et al. 2007).
Efficient energy use in the poultry production is as
significant as in agricultural production due to its
potential to provide financial savings, preserve fossil
fuel resources and reduce air pollution (Uzal 2012).
Indeed, the efficient energy use, which helps to achieve
increased production and productivity, and contributes to
the economy and profitability, should be improved due
to environmental and financial reasons (Kizilaslan 2009).

The planning and designing of poultry houses in
Turkey has been conducted according to indoor envir-
onmental conditions such as indoor temperature, relative
humidity and air velocity, ventilation system, evaporative
cooling system, insulation and dimensions of the struc-
tural elements of the house. However, the energy use
efficiency (EUE) of poultry production has not been
evaluated for Turkey’s specific conditions. The amount
of energy used depends on the number of laying hens or
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broiler, the mechanization level and the amount of work
performed in the poultry houses.

There have been many studies related to energy use
in agriculture (Swanton et al. 1996; Pimentel et al. 1999;
Uhlin 1999; Ozkan et al. 2004; Hatirli et al. 2005;
Karkacier & Goktolga 2005; Kempen & Kraenzlein
2008; Kizilaslan 2009; Bekhet & Abdullah 2010;
Unakitan et al. 2010; Banaeian & Zangeneh 2011;
Asgharipoura et al. 2012; Tabatabaie et al. 2013).
Moreover, many researchers worldwide have studied
EUE in the poultry production sector, including broiler
(Sibbald 1982; Andrews & Zimmermann 1990; Grobas
et al. 1999; Atilgan & Koknaroglu 2006; Jekayinfa 2007;
Heidari et al. 2011a) and laying hens (Ojo 2003; Yusuf
& Malomo 2007; Ashagidigbi et al. 2011, Sefeedpari
et al. 2012). However, there have been no studies related
to the EUE of egg production and comparison of energy
uses in laying hens and broiler production farms in
Turkey.

The aim of this study is to evaluate the EUE of
different poultry houses in the Bursa region of Turkey.
Additionally, the comparison of energy uses for egg and
broiler production was carried out in this study.

2. Materials and methods

2.1. Poultry houses and data collection

This study was conducted on poultry farms in the Bursa
region of western Turkey. This region is an important
production area for laying hens and broiler because of
the suitable outdoor climatic conditions, location and
population. Data were collected from 47 laying hen
farms and 28 broiler farms. A questionnaire was
performed with farmers to provide the appropriate
information regarding energy usage. The capacities of
the poultry farms varied in a wide range, from 3500 to
163,000 birds for laying hens and from 5000 to 300,000
birds for broilers. We asked questions of the farmers with
regard to energy input and output parameters, including
total feed and diesel consumption, total working hours of
labourers and total electricity consumption.

2.2. Analysis of energy efficiency

EUE analysis compares energy input and output in
poultry production farms. The considered energy input
sources for poultry production were human labour,
machinery, diesel fuel, electricity, chickens (chicks) and
feed; the output energy sources considered were eggs,
chicken meat and manure. Additionally, the energy input
sources were classified into direct and indirect energy
(IDE) use. All calculations were performed at the farm
level on an annual basis. The energy equivalents used in
this study for the estimation of energy inputs and outputs
are given in Table 1.

2.3. Energy inputs

Energy inputs directly used for animal production, such
as fuel energy (FE), electricity energy (EE) and human
labour energy (HLE), are direct energy (DE) inputs. IDE
inputs include machinery and feedstock that consume
energy for poultry production.

2.3.1. Fuel energy

Fuel consumption in poultry houses was changed,
depending on husbandry methods, manure removal and
management systems. FE is generally consumed for
manure removal, feed transportation and preparation in
a poultry house. FE was calculated using Equation (1):

FE ¼QF � EEF ð1Þ

where FE is the fuel energy (MJ(1000 bird)−1), QF is the
fuel consumption (L) and EEF is the energy equivalent of
the fuel (MJ L−1).

2.3.2. Electricity energy

The mechanization level of a poultry farm is the most
important factor affecting the consumption of electricity.
Poultry farms generally consume more EE than FE. The
energy consumption for electricity was calculated using
Equation 2:

EE¼QE � EEE ð2Þ

where EE is the electricity energy (MJ(1000 bird)−1), QE

is the electricity consumption (kWh) and EEF is the
energy equivalent of the fuel (MJ kWh−1).

2.3.3. Human labour energy (HLE)

In poultry production farms, human labour is needed for
activities such as egg collection, feed distribution,
chicken care and maintenance. HLE for the poultry
production systems was calculated using Equation 3:

EHL¼nHL � nd � h� ecHL ð3Þ

where EHL is the human labour energy (MJ), nHL is the
number of labourers, nd is the days of production, h is
the work hours of labour in a day (h) and ecHL is the
energy equivalent of labour (1.96 MJ h−1).

2.3.4. Machinery energy

Machinery energy consists of the conversion of electrical
energy by equipment, such as the egg collection lift,
feeder, drinker, mill, mixer, radiant and ventilation fans.
Machinery energy included the energy consumption of
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all these implements in the poultry houses. The equival-
ent of machinery energy is provided in Table 1 per 1000
birds.

2.3.5. Feedstock energy (FSE)

The feed formula used in poultry production must meet
the demands of aims of the production. Although there is
a difference between layer and broiler production in
terms of feed formula, the feed formula for both must
contain sufficient energy, minerals, protein, vitamins and
water to supply vital functions and egg or meat produc-
tion. The amount of energy contained in feed is generally
expressed in units of metabolizable energy per kg feed,
e.g., kilojoules per kg (kJ kg−1). FSE was calculated
using Equation (4):

EFS ¼QFS � EEFS ð4Þ

where EFS is the feedstock energy (MJ), QFS is the feed
consumption (kg) and EEFS is the energy equivalent of
the fuel (MJ kg−1).

2.4. Energy outputs

The parameters of output energy for this study change
according to the aims of poultry production. For laying
hen production, the output energy parameters are eggs
and manure, whereas the output energy parameters for
broiler production are chicken meat and manure. Eggs
and chicken meat, which are considered healthy foods in
human nutrition, contain high levels of protein. There-
fore, these poultry products are used to quickly over-
come deficiencies in animal protein in humans. In types
of animal manure, poultry manure has high nitrogen
content and has also high mineral concentrations, such as
calcium, phosphorus and potassium. Poultry manure is
an important organic fertilizer for Turkish farmers due to

its high nutrient content, though it may easily lose its
nutrient content depending on the storage time and
removal interval from the poultry house. The energy
output was calculated by multiplying the amount of egg
and meat production with the EE. All calculations were
performed at the farm level.

2.5. Energy usage indicators

Following the analysis of energy input and output values,
energy indicators, such as the EUE (Equation 5), energy
productivity (EP; Equation 6) and net energy gain (NEG;
Equation 7) were calculated based on their energy equi-
valents (Chauhan et al. 2006; Jekayinfa & Bamgboye
2008; Zangeneh et al. 2010).

Energy use efficieny ¼Energy output ðMJð1000 birdÞ�1Þ
Energy input ðMJð1000 birdÞ�1Þ

ð5Þ

Energy productivity ¼ Yield ðkgð1000 birdÞ�1Þ
Energy input ðMJð1000 birdÞ�1Þ

ð6Þ

Net energy gain ¼ Energy output ðMJð1000 birdÞ�1Þ
�Energy input ðMJð1000 birdÞ�1Þ

ð7Þ
2.6. Data analysis

The collected data were analysed using an analysis of
variance (ANOVA) to determine the statistical signific-
ance of differences between farms. Additionally,
descriptive statistics of energy analysis were calculated.

Table 1. Energy equivalents of inputs and outputs in poultry farms.

Inputs Unit Energy equivalent (MJ) Reference

Inputs
Chick kg 10.33 Heidari et al. (2011b)
Human labour h 2.2 Fluck (1992)
Machinery kg 64.8 Chauhan et al. (2006)
Diesel fuel L 47.8 Kitani (1999)
Feed kg 12.98 Anonymous (2014)
Electricity kWh 5.65 Uzal (2012)
Water L 2.63 Atilgan and Koknaroglu (2006)
Outputs
Bird kg 10.33 Celik (2003)
Egg g 0.327 Anonymous (2002)
Manure kg 8.83 Bock (1999)
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The JUMP 7.0 software was used for all the statistical
analyses in this study.

3. Results and discussion

3.1. Production parameters

The descriptive statistics, including average, minimum
and maximum, for the production parameters at the
surveyed poultry farms are given in Table 2. The average
number of birds was 67,146 for the broiler houses and
22,742 for the layer houses. These capacities are
common among Turkish poultry houses. The land
presence varies from 0.6 da to 4000 da for both types
of farm. The surveys indicated that the broiler farms
occupy more land than the layer farms. The average feed
consumption is 814 tons year−1 for broiler and 966 tons
year−1 for laying hens. These values of production
parameters are consistent with the overall Turkish
poultry sector.

3.2. Energy inputs in poultry houses

The average total energy consumption of the surveyed
poultry houses was 438.568 MJ(1000 bird)−1 for the
broiler houses and 516.848 MJ(1000 bird)−1 for the layer
houses. Table 3 presents a comprehensive summary of
the average energy inputs for the broiler and layer
houses. According to our results, the IDE input was
more than the DE input for both types of poultry
production. Additionally, the IDE input in the broiler
and laying hen houses comprised approximately 99%
and 96%of the total energy use, respectively. Similar
results were found that the highest input was IDE input
in dairy farms (Uzal 2012).

The distribution of energy inputs for the surveyed
poultry houses is given in Figure 1. When comparing DE
inputs, electricity is the highest input with 3547 and
3691 MJ(1000 bird)−1 for the broiler and laying hens
houses, respectively. Electricity was consumed in the
management systems by activities such as automatic
feeding and watering, egg collection, mechanical vent-
ilation, heating and cooling systems, manure removing
and lighting equipments. Natural or artificial lighting

was the most important issue for producing more eggs at
the layer farms. Feed energy was the highest input
among the IDE inputs, at 70% for broiler farms and 79%
for layer farms (Figure 1).

The observed feed energy in our study is consistent
with percentage for different animal production systems
from literature: 69% (Meul et al. 2007). The feed energy
is primarily composed of carbohydrates, fat and amino
acids, and birds must consume feed with a high energy
content to provide sufficient metabolic energy to produce
eggs and meat. Although an opportunity to attain
sufficient feed was presented to the birds at the surveyed
broiler and layer farms, the birds were unable to feed ad
libitum. The required machinery energy in the broiler
and layer houses was 279 and 337 MJ, respectively. The
management practices, such as feed and water distribu-
tion, manure and egg collection in broiler and layer
farms, require machinery energy. The share of water
energy was found to be the second highest input for the
surveyed poultry houses.

The percentages of DE, IDE, renewable energy (RE)
and non-renewable energy (NRE) obtained are given in
Figure 2. RE and IDE were more than NRE and DE for
both the broiler and layer farms. RE was nearly 99%,
whereas IDE was nearly 98%. The calculated RE and
IDE values in this study appear to be comparable to the
values of a study performed by Uzal (2012) in Turkey.

3.3. Energy outputs in poultry houses

The energy output values obtained from the surveyed
poultry farms are given in Table 4. The distribution of
output energy in the poultry farms was as follows:
13.75% of total energy for chicken meat and 86.25% for
manure at the broiler farms; 5.07% for chicken meat,
66.88% for manure and 28.05% for eggs at the layer
farms.

3.4. Analysis of EUE

The analysis of EUE in any production system considers
energy balance and energetic parameters, such as EUE,
EP, specific energy (SE) and NEG. The goal of this

Table 2. Some descriptive statistics for production parameters at the surveyed poultry farms.

Number of birds Land (da)
Feed cons.
(tons year−1)

Electricity
(kWh year−1)

Water cons.
(m3 year−1)

Manure
(kg year−1)

Broiler farms (n = 24) Avg 67,146 156.1 814.3 26,695.4 1752 37,041.9
Min 5500 1.5 100 800 365 100
Max 300,000 4000 4500 156,000 9125 240,000

Layer farms (n = 44) Avg 22,742 14.4 965.5 14,842.7 4.5 74,108.6
Min 3500 0.6 128.0 1680.0 0.5 1667.0
Max 163,000 155 10,000 123,212 32 600,000
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analysis is to assess the performance of production
systems.

Table 5 shows our results of the analysis of EUE in
the surveyed poultry houses. The EUE for the broiler and
layer farms was calculated to be 0.94 and 0.68, respect-
ively. EUE for the broiler farms showed that there was
efficient energy use at these farms; however, the energy
use at the layer farms was inefficient. The EUE value for
the layer farms can be increased by increasing egg yield
and decreasing energy consumption. There are various
methods to decrease energy consumption in layer farms,
which stem from changing the feed formula given to the
birds. Low-protein diets, high-fibre diets and low-lysine
diets function to decrease the energy consumption of
laying hens.

EP was obtained as 0.3 kg MJ−1 for the broiler farms
and 0.59 kg MJ−1 for the layer farms in this study. These
values were higher compared to those published by
Heidari et al. (2011a).

In the evaluation of EUE in production systems, one
of the most important indicators is the SE consumption.
This value consists of energy use for per unit of physical

output of the production system. In our study, the SE use
was 3.34 MJ kg−1 for the broiler farms and 1.71 MJ kg−1

for the layer farms. The SE use obtained for the broiler
farms was comparable to the values of 3.09 MJ kg−1

found by Ramirez et al. (2006) for European broiler
farms.

3.5. Comparison of broiler and egg production

When comparing the broiler and layer farm energy
inputs and outputs, all the energy inputs of the surveyed
layer farms were found to be higher than those of the
broiler farms, except with regard to chick and water
energy inputs. In terms of energy outputs, the chicken
meat energy output of the broiler farms was higher than
that of the layer farms, though more manure was
produced in the layer farms than the broiler farms. Layer
farms under the conditions of Turkey require more
energy for egg collection and manure removal systems.
Similarly, the feed and water distribution systems at
broiler farms require more energy. Furthermore, layer
farms generally use cage systems for rearing, whereas
broiler farms rear chickens on litter.

Table 3. Annual average energy consumption (inputs) at the surveyed poultry farms.

Broiler farms Laying hen farms

MJ(1000 birds−1) MJ ha−1 % MJ (1000 birds−1) MJ ha−1 %

DE input
Chick 532 1225 0.12 500 24,022 0.089
Human labour 872 39,524 0.2 1568 62,979 0.278
Diesel 1213 55,017 0.28 3493 140,265 0.62
Electricity 3547 164,230 0.81 3691 132,112 0.655
Total 6164 259,995 1.41 9252 359,378 1.642
IDE input
Machinery 279 26,826,237 0.06 337 279,615 0.06
Feed 309,150 16,975 70.49 444,343 20,367 78.86
Water 122,975 283,082 28.04 109,549 24,839 19.44
Total 432,404 27,126,295 98.59 554,229 324,821 98.36
Total 438,568 27,386,290 100 572,733 1,043,577 100

Figure 1. Distribution of energy inputs for the surveyed poultry houses.
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In this study, a one-way ANOVA was performed to
evaluate the statistical significance of the differences
between the energy inputs and outputs of broiler and
layer farms. The results of this analysis are shown in
Table 6. The differences of all the energy inputs, except
electricity, and all the energy outputs between the broiler
and layer houses were statistically significant (p < .001).

4. Conclusion

This study attempted to analyse the energy consumption
of the inputs and outputs of broiler and layer farms in the
Bursa region of western Turkey. Data were collected
from 47 layer farms and 28 broiler farms using a
questionnaire methodology. Our results showed that the
surveyed poultry farms consume a total energy of
438.568 MJ(1000 bird)−1 for the broiler houses and
516.848 MJ(1000 bird)−1 for the layer houses.

The results of this study illustrate that modern and
well-established scientific practices in broiler and layer
farms in our region should be used to obtain a balance of
increased economic benefits with more energy effici-
ency. Regarding efficient energy use and the mainten-
ance of a clean environment, the excessive use of energy
inputs in poultry farms should be prevented through
basic practices in broiler and laying hen management.
Feed, which is the highest energy input, should be

provided according to optimal consumption rates and
should be composed of a low-protein formula. These
practices would be useful for increased energy efficiency
and also for the reduction of pollutant gas emissions,
such as ammonia, methane and hydrogen sulphide. Well-
designed feeders and a properly working feed distribu-
tion system would help to achieve optimal feed con-
sumption and prevent feed loss. Optimal feed and fuel
consumptions will provide sustainable production via
decreasing costs of production and also reduce negative
or detrimental effects of animal production on environ-
ment and health of community living in the surrounding
neighbourhoods. To reduce fuel and electricity consump-
tions of farms and achieve energy efficiency targets,
producers should focus on using clean or green energy
species, such as solar and wind energies. Bursa region’s
climate conditions are very suitable to produce wind and
solar energies. In our region, there are pioneer clean
energy firms which offer service whole country wide.
They have enough knowledge to set up clean energy
production systems. Nowadays, our government
encourages farmers to produce clean energy on the basis
of farmers via giving some financial aid about installa-
tion of clean energy production systems. The poultry
producers monitored in this study can easily use solar
panels to produce solar energy on roof of their poultry

Figure 2. DE, IDE, RE and NRE in total energy inputs.

Table 4. Annual average energy outputs at the surveyed poultry
farms.

Broiler farms Laying hen farms

Energy
outputs

MJ(1000
birds−1) %

MJ(1000
birds−1) %

Meat 182,620 13.75 19,495 5.07
Manure 1,145,676 86.25 257,285 66.88
Egg – – 107,910 28.05
Total 250,401 100.00 384,690 100.00

Table 5. Analysis of energy efficiency at the surveyed poultry
farms.

Parameters Unit
Broiler
farms

Laying
hen farms

EUE 0.94 0.68
EP kg MJ−1 0.30 0.59
Specific energy MJ kg−1 3.34 1.71
Net energy MJ(1000 bird)−1 −25,042 −188,044
Total energy input MJ(1000 bird)−1 438,568 572,733
Total energy output MJ(1000 bird)−1 413,526 384,689

Table 6. Significance of differences between broiler and layer
farm energy usage.

Difference MJ
(1000 bird)−1 P R2 of ANOVA

Chick 32 0.000* 0.88
Human labour 696 0.008* 0.09
Machinery 58 0.000* 0.89
Diesel 2280 0.0001* 0.21
Feed 135,193 0.001* 0.14
Electricity 144 0.93 0.00
Water 13,426 0.0000* 0.90
Meat 163,125 0.0001* 0.99
Manure 26,379 0.0005* 0.16

*P < 0.01.
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houses. Therefore, they can produce some energy to use
for production management process and provide clean
energy to fulfil some of energy demand for poultry
productions. Another option for poultry producers is
biogas production to produce clean energy. Because,
they have enough manure as a raw material for bio-
energy production. Thus, they can manage their manure
by an environmental-friendly application. As a result of
clean energy usage, they can reduce NRE usage via
catching optimal FE consumption.

One of the results of our survey of broiler and layer
producers is that the producers were not conscious of the
energy savings on their farms. We observed that the
producers did not keep accurate records of their energy
consumption. The success of energy saving depend on
keeping accurate records of the energy consumption.
Thus, to save energy, producers should account for all
metrics regarding electricity and diesel FE consumption
and keep monthly records of them. Also, producers
should compare their monthly bills and records. To
reduce diesel FE consumption in poultry production
facilities, every poultry producer should assure a market
in near farm and permanent demand for poultry products,
such as egg and broiler meat. When new poultry farm is
established, energy usage efficiency should be consid-
ered, where animal welfare and proper housing systems
should be selected to achieve higher energy usage
efficiency as well.
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