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ABSTRACT 
 

The aim of this study was to evaluate thermal energy consumption in broiler farms and provide solutions 

to reduce it. This study was performed with a completely randomized design under 4 climatic conditions, 

including Ardabil (cold climate representative), Khuzestan (warm climate representative), Isfahan (dry 

climate representative) and Guilan (temperate climate representative) in 4 replicates (4 broiler farms in 

each climate) and with 5 repetitions (5 periods of breeding per unit) and a capacity of 492,700, Ross 308 

broiler in each breeding period. According to the results, in all climates, the proposed solutions to save 

thermal energy were able to create a significant difference (P<0.05). The experimental results also 

showed that the difference in thermal energy consumption in cold and dry climates wasmuch higher than 

in temperate and warm climates (P<0.05). Overall, the results of the present study show that, by 

optimizing andmodernizing construction equipment in broiler farms, thermal energy losses can be 

reduced in all climatic conditions. 
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RESUMO 

 

O objetivo do presente estudo foi avaliar o consumo de energia térmica em granjas de frangos de corte e 

fornecer soluções para reduzi-lo. Este estudo foi realizado com um desenho inteiramente casualizado em 

4 condições climáticas, incluindo Ardabil (representante do clima frio), Khuzestan (representante do 

clima quente), Isfahan (representante do clima seco) e Guilan (representante do clima temperado) em 4 

réplicas (4 granjas de frangos em cada clima), com 5 repetições (5 períodos de criação por unidade) e 

capacidade de 492.700 frangos Ross 308 em cada período de criação. De acordo com os resultados, em 

todos os climas, as soluções propostas para economizar energia térmica criaram diferença significativa 

(P <0,05). Os resultados experimentais também mostraram que a diferença no consumo de energia 

térmica em climas frios e secos foi muito maior do que em climas temperados e quentes (P <0,05). De 

forma geral, os resultados do presente estudo mostram que, com a otimização e modernização dos 

equipamentos de construção em granjas de frangos, as perdas de energia térmica podem ser reduzidas 

em todas as condições climáticas. 
 

Palavras-chave: energia térmica, clima, solução, avicultura 
 

INTRODUCTION 
  

In many countries around the world, optimizing 

energy consumption is one of the main goals of 

the industry and agriculture. Therefore, many 

efforts have beenmade in these countries to 

reduce energy demand and make optimal use of 

energy resources (Poorghasemi et al., 2017; Ali 
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et al., 2013). Saving energy consumption in any 

economic activity is considered one of the main 

factors that reduces costs and as a result 

increases income, which is why it is so important 

(Omid et al., 2011; Deribe and Taye, 2014). 

 

The poultry industry is no exception, and the 

strategies implemented in this industry have 

greatly helped to save energy consumption in 

this area. The strategic value of poultry products  
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is important because of the supply of protein. For 

this reason, great efforts must bemade to increase 

the efficiency and reduce the costs of this 

industry (Barott et al., 1938; Najafi et al., 2012). 

The poultry industry is one of the energy-

intensive and sensitive industries, such that 

decrease or increase in a factor such as 

temperature has a significant effect on poultry 

production and losses. Animals need a number of 

factors to demonstrate their genetic potential, 

which are part of the environment.  

 

One of the most important factors is the 

suitability of poultry farms and facilities for their 

needs. In order for birds to survive, and for the 

health, growth and vitality of poultry, suitable air 

supply, temperature, humidity and lighting are 

essential, and in fact, the most important goal of 

the construction of poultry houses is to provide 

these conditions. In this regard, in order to 

provide suitable conditions in the houses, it is 

necessary to spend energy and mainly fossil 

energy to heat the houses. The accuracy of 

energy consumption and automation have a very 

high priority because the industry ranks second 

in fuel consumption after the transportation 

system (Singh et al., 2002; Gholami et al., 2020). 

 

The importance of energy saving in production 

of animal products is great due to climate change 

and rising energy costs. Studies show that the 

main energy consumption in broiler farms 

includes heat and electricity (direct) and food 

(indirect). Today, the highest cost in poultry 

farms is the cost of grain (Toklu et al., 2010). In 

direct energy consumption in poultry farming, 

the main part is the consumption of fuel, and the 

proportion of electricity as compared with fuel is 

very small. Although the share of direct energy is 

less expensive than that of grain, the ratio of fuel 

and electricity to grain is expected to increase in 

the future (Yusef and Malomo, 2007; Singh et 

al., 2004). Rising energy prices, especially oil 

and gas, have led poultry farmers to modify 

buildings and poultry equipment to reduce the 

added costs (Zhou et al., 2008). 

 

According to most research in poultry science, 

factors contributing to the rapid growth of 

broilers for commercial chickens have been 

identified as one of the important factors in 

economic profit and for this reason research has 

focused on rapid weight gain, reduced feed 

conversion ratio, and increased carcass yields 

and less attention has been paid to new subjects 

such as the optimal use of energy resources and 

saving it, which is one of themain factors in the 

economic benefits of poultry farming. According 

to the above, the present study aims to explore 

the current situation of meat poultry farms in 

terms of thermal energy consumption in four 

different climates (cold, hot, dry and temperate) 

and to provide various strategies to reduce 

energy consumption in the poultry industry. 

 

MATERIALS AND METHODS 

 

This study was performed as a completely 

randomized design in 4 locations with different 

climates: Ardabil (cold climate representative), 

Khuzestan (warm climate representative), 

Isfahan (dry climate representative) and Guilan 

(temperate climate representative) in four 

treatments (four broiler farms in each climate), 

with five repetitions (five periods of rearing per 

unit) and with a capacity of 492,700 308 Ross 

broiler in each rearing period. The climatic 

characteristics of the experimental climates are 

presented in Tables 1, 2, 3 and 4. 

 

Data collection was performed by visiting the 

relevant units and recording information. 

Initially, to assess the condition of the houses, we 

estimated the heat transfer coefficient of the 

external walls, including the walls, floor and roof 

of the houses. For this purpose, thematerial of the 

components and the estimation of heat transfer 

coefficient of each of the external walls are 

assessed according to climatic characteristics. In 

order to measure the temperature of the houses, 

in addition to data sampling from direct hot air 

blowers, thermal imaging was performed in 

different parts of the houses. In thermal images, 

light colors indicate higher surface temperatures, 

and dark colors indicate lower temperatures. In 

addition, a graduated tape was placed on the 

right side of the thermal image, so that the 

temperature of each surface could be easily seen. 

Figure 1 shows a thermal image demonstrating 

the surface temperature of the walls, roof, and 

floor of the houses. 
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Table 1. Climatic conditions in Ardabil (Adapted from: http://www.irimo.ir) 
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Average ofmaximum 

temperature (ºC) 
3 4 11 18 20 23 24 26 22 18 10 5 

Average ofminimum 

temperature (ºC) 
-9 -10 -4 3 5 8 12 13 10 5 0 -2 

Average humidity (%) 70 63 50 35 25 20 20 25 25 30 35 65 

Number of days with 

clear skies 
13 14 14 13 22 26 24 23 27 21 17 13 

Number of semi-cloudy 

days 
9 8 9 10 3 1 4 5 1 6 9 10 

The number of 

completely cloudy days 
8 8 7 7 5 3 2 2 2 3 4 7 

 

Table 2. Climatic conditions in Khouzestan (Adapted from: http://www.irimo.ir) 
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Average ofmaximum 

temperature (ºC) 
17.5 20 24.5 33 40 44.5 46.5 46 42 35 27 20 

Average ofminimum 

temperature (ºC) 
9.5 10 13 20 25 28 31 31 26 21 14.5 11 

Average humidity (%) 70 63 50 35 25 20 20 25 25 30 35 65 

Number of days with 

clear skies 
14 15 18 17 27 29 30 29 29 24 18 15 

Number of semi-

cloudy days 
9 8 9 10 3 1 1 2 1 6 9 10 

The number of 

completely cloudy 

days 

8 5 4 3 1 0 0 0 0 1 3 6 

 

Table 3. Climatic conditions in Isfahan (Adapted from: http://www.irimo.ir) 
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Average ofmaximum 

temperature (°C) 
9 12 17 24 29 35 38 36 32 25 15 11 

Average ofminimum 

temperature (°C) 
-3 -1 3 10 13 18 21 19 16 9 5 -1 

Average humidity (%) 45 40 35 35 25 20 20 25 25 30 35 45 

Number of days with 

clear skies 
13 14 14 13 26 28 24 23 27 21 19 15 

Number of semi-

cloudy days 
9 8 9 10 3 1 4 5 1 6 7 8 

The number of 

completely cloudy 

days 

8 8 7 7 5 3 2 2 2 3 4 7 
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Table 4. Climatic conditions in Guilan (Adapted from: http://www.irimo.ir) 
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Average ofmaximum 

temperature (ºC) 
14 12 15 18 27 31 30 30 25 23 16 14 

Average ofminimum 

temperature (ºC) 
5 6 7 10 18 22 22 21 18 16 11 9 

Average humidity (%) 82 88 85 82 78 70 80 84 86 88 89 86 

Number of days with clear 

skies 
132 88 114 149 207 332 247 205 92 116 58 72 

Number of semi-cloudy 

days 
4 5 5 5 4 2 3 4   6 6 

The number of completely 

cloudy days 
7 15 18 13 11 6 10 10 18 15 18 19 

 

 
Figure 1. Thermal image and appearance of the initial 35meters of the houses. 

 

In order to measure loss of thermal energy, the 

calculations were based on the information 

collected from the location and the climate 

model of the region. Air temperature, humidity, 

lighting and lamps used, efficiency of heating 

system, and thermal and cooling needs of the 

house were among this information. The 

operation times of the house were considered 5 

times a year with the house at full capacity. Since 

each living organism produces some heat due to 

chemical interactions within the body, the heat 

generated by the chicken’s body was calculated 

to program the smart control system to control 

the indoor air temperature.  

 

This amount of heat varies depending on the 

species, body weight and age. For chickens on 

broiler farms, this figure is shown in Table 5. 

The amount of heat obtained for each 1000 

chicks is presented in Table 5. The heat produced 

by the chicken body in each period of breeding 

was calculated based on the pattern of five 

rearing periods per year. These calculations are 

presented in Table 6. 

 

Table 5. Heat production rate from chicken 

metabolism 

Chicken’s age (week) 

Heat production amount 

from 1000 chickens 

(kilowatts) 

1 0.4 

2 1.1 

3 2.3 

4 3.9 

5 5.5 

6 7.7 

7 9.9 

 

Also, the indoor air quality, including 

temperature, humidity, lighting, and ammonia 

and carbonmonoxide levels, was measured in 

different locations. Then, with the information 

related to heating equipment, the thermal 

efficiency of thermal equipment was calculated. 
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According to the National Building Regulations 

Standard and based on the measured conditions 

as well as the architectural information, the heat 

load coefficients of the houses were calculated as 

shown in Table 7. The calculation method of this 

amount, along with the heat transfer coefficients, 

is presented in the mentioned standard. 

 

Table 6. Heat generated by metabolism of 1000 chickens during 5 rearing periods per year 

Month 
Breeding weeks based on the pattern of 5 breeding periods 

per year 

The average body heat 

rate of the chicken 

(𝑘𝑊⁄𝑝𝑒𝑟𝑖𝑜𝑑 𝑖𝑛 𝑚𝑜𝑛𝑡ℎ) 

The total heat produced 

by the chicken body 

during amonth (𝑀𝐽) 
January The first period (the first, second, third and fourth week) 1.93 4669 

February The first period (fifth, sixth, seventh and eighth weeks) 8.25 19958 
March The second period (the first, second, third and fourth week   (  1.27 2304 

April The second period (fifth, sixth, seventh and eighth weeks) 6.75 16330 

May 
The last week of the second period and the third period (the 
first and second weeks) 

3.80 6895 

June Third period (The third, fourth, fifth and sixth weeks) 4.85 11733 

July Third period (Seventh and eighth weeks   (  9.90 11975 
August Fourth period (first, second, third and fourth weeks) 1.93 4669 

September Fourth period (fifth, sixth, seventh and eighth weeks) 8.25 19958 

October Fifth period (first and second weeks) 0.75 907 
November Fifth Period (Third, Fourth, Fifth, and Sixth Weeks) 4.85 11733 

December Fifth Period (Seventh and Eighth Weeks) 9.90 11975 

 

Table 7. Heat transfer coefficient of the houses  
Area * heat transfer coefficient Heat transfer coefficient Area 

Wall type 
𝑤⁄𝑘 𝑤⁄ 𝑚2. 𝑘 𝑚2 

392.3 0.56 695.2 Wall 
731.4 0.57 1281.2 Roof 
291.5 1.19 244.0 Floor 
23.2 5.80 4.0 Outside door 
1438 - - Total 

 

In this part of the study, some strategies for 

reducing thermal energy consumption, including 

wall and roof insulation and underfloor heating 

system implementation, are discussed. In order to 

improve insulation, reduce the amount of thermal 

energy consumption and increase the level of 

thermal quality in the house, adding insulation to 

the existing roofs and creating excess insulation 

in the outer wall of the houses was carried out. 

The insulation used was polyurethane (20kg/𝑚3) 

or rock wool (40kg/𝑚3). The amount of 

insulation added to the roof and walls in different 

climates is presented in Table 8. Another method 

used to reduce thermal energy was the underfloor 

heating system. In recent years, underfloor 

heating systems have become very common in 

European countries, and the reasons for this 

growing expansion are the optimization of 

energy consumption, the distribution of heat at 

the surfaces and space, and the prevention of 

problems that other methods have. Compared to 

other heating systems, the underfloor (radiant) 

heat system, in which radiation has a large share, 

not only saves energy and optimizes energy 

consumption, but also it has many strengths in 

terms of comfort and thermal comfort. (Gonet et 

al., 2000). 

 

Table 8. The amount of insulation added to the roofs and walls in the different climatic conditions 

Element type 
Element width 

(mm) 
Thermal resistance 

(m2.k/W) 
Heat transfer 

coefficient (W/m2.k) 
Insulation added to the wall in cold climates 100 2.5 0.4 
Insulation added to the wall in temperate climates 50 1.22 0.82 
Insulation added to the wall in dry climates 100 2.5 0.4 
Insulation added to the wall in warm climates 50 1.22 0.82 
 

The specific heat consumption (SECth) for each 

period was calculated using the following 

formula. SECth = Thermal energy consumption 

(MJ) / Live chicken weight (kg). Roof, wall and 

floor heating insulation solutions were evaluated 

and calculated using Carrier software (HAP). 
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All analyses were performed using statistical 

software SPSS version 21.0 (Inc., Chicago, IL, 

USA), and differences between means were 

examined using the Duncan multiple range test 

of SPSS. All the results were expressed as mean 

and standard deviation. P-value of less than 0.05 

was considered significant. 
 

RESULTS 
 

The specific heat consumption for Ardabil 

(representative of cold climate) is presented in 

Figure 2. According to the results, all broiler 

farms tested in this climate had higher thermal 

consumption before optimization and the 

solutions caused a significant decrease in average 

heat energy consumption (P <0.05). Figure 3 

shows the thermal energy consumption in 

Khuzestan, representing the warm climate. The 

results in the three broiler farms showed a 

significant decrease in thermal energy 

consumption after using energy-saving solutions 

(P <0.05). 

 

 
Figure 2. Thermal energy consumption in Ardabil (cold climate representative) per kilogram ofmeat 

before and after optimization. T1: treatment 1 (A broiler farm); T2: treatment 2 (B broiler farm); T3: 

treatment 3 (C broiler farm) and T4: treatment 4 (D broiler farm). a, b: The means within the each 

treatment with a different letter, are significantly different (P<0.05).* All the chickens in the treatments 

were of Ross 308 breed. 

 

 
Figure 3. Thermal energy consumption in Khouzestan (warm climate representative) per kilogram ofmeat 

before and after optimization. T1: treatment 1 (A broiler farm); T2: treatment 2 (B broiler farm); T3: 

treatment 3 (C broiler farm) and T4: treatment 4 (D broiler farm). a, b: The means within each treatment 

with a different letter, are significantly different (P<0.05). * All the chickens in the treatments were of 

Ross 308 breed. 
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The results of comparing thermal energy 

consumption before and after implementing the 

optimizing solutions for dry climate broiler farms 

are presented in Figure 4. The results showed 

that the applied strategies resulted in significant 

reduction in thermal energy consumption (P 

<0.05). Figure 5 shows the results of thermal 

energy consumption in temperate climates. 

According to the results, thermal energy 

consumption in all the four broiler farms 

decreased significantly after applying the 

strategies (P <0.05). A comparison of the mean 

thermal energy in the four experimental climates 

is shown in Figure 6. According to the results, 

the consumption of thermal energy in cold and 

dry climates was much higher than in temperate 

and warm climates. In all the climates, the 

thermal energy reduction strategies were able to 

make a significant difference (P <0.05). 

 
Figure 4. Thermal energy consumption in Isfahan (dry climate representative) per kilogram ofmeat before 

and after optimization. T1: treatment 1 (A broiler farm); T2: treatment 2 (B broiler farm); T3: treatment 3 

(C broiler farm) and T4: treatment 4 (D broiler farm). a, b: Themeans within each treatment with a 

different letter, are significantly different (P<0.05). * All the chickens in the treatments were of Ross 308 

breed. 

 
Figure 5. Thermal energy consumption in Guilan (temperate climate representative) per kilogram ofmeat 

before and after optimization. T1: treatment 1 (A broiler farm); T2: treatment 2 (B broiler farm); T3: 

treatment 3 (C broiler farm); T4: treatment 4 (D broiler farm). a, b: Themeans within each treatment with 

different a letter, are significantly different (P<0.05). * All the chickens in the treatments were of Ross 

308 breed. 
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Figure 6. Comparison of average thermal energy consumption in the four climatic conditions per 

kilogram ofmeat before and after optimization. a, b: themeans within each climate with a different letter, 

are significantly different (P<0.05). 

 

DISCUSSION 

 

As can be seen from the results, thermal energy 

consumption differs among different broiler 

farms in the same climate as well as among 

different climates, and a significant reduction in 

thermal energy consumption was observed when 

energy optimization methods were used. The 

results of the present study are similar to those of 

Dozier et al. (2006). Dozier et al. (2006) 

highlighted the economic importance of reducing 

thermal energy consumption on the growth of 

broiler chickens and the economic benefits of 

broiler farming. They concluded that houses 

equipped with new thermal control technologies 

and controlled ventilation valves would be much 

more efficient and profitable.  

 

They stated that insulation of walls and roofs, 

proper ventilation and indoor organizing 

programs are essential to minimize weight 

differences and increase revenue for broiler 

breeders. They stated broiler breeders must 

properly organize ventilation equipment 

andmaintain the desired temperature. Otherwise, 

body weight and feed conversion ratio can be 

undesirable, leading to huge financial losses for 

the breeder. 

 

In a study on energy consumption of broiler 

production units in Alborz (dry climate), it was 

found that diesel consumption as heat energy 

consumption at 43.03% was the highest 

consumption among inputs (Yamini Sefat et al., 

2013). Some researchers have stated that the use 

of suitable bedding for rearing, in addition to 

floor insulation which is installed during the 

construction of poultry buildings, and the use of 

underfloor heating system can have a great 

impact on rearing and lack of air pollution with 

gases created from the bedding. Also, in the early 

days of hatching, these solutions, while creating 

a suitable bedding for the chickens to rest and 

breed, prevent the floor from freezing and heat 

loss from the floor of the hall, which is consistent 

with the results of the present experiment 

(Tabler, 2007; Amid et al., 2016). 

 

According to the results, heat loss decreased after 

the use of solutions in cold climate broiler farms, 

which is consistent with the results of Baxevanou 

et al. (2017). Baxevanou et al. (2017) stated that, 

by insulating poultry halls in mountainous and 

cold regions, thermal energy consumption can be 

reduced from 180mJ /m2 to 130mJ /m2. They 

stated that one of the most important factors in 

fuel and energy consumption is adequate 

ventilation and optimal control of the indoor 

temperature system at different ages of poultry 

according to their needs, which is determined by 

the live weight of poultry. This amount of air 

required for poultry is about 5 to 7m3 per hour 

per kilogram of live weight and, according to the 

hot and cold seasons of the year, with proper 

management of ventilation and modern 

insulation to permit use of the minimum required 
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air in the cold season, fuel consumption can be 

reduced. 

 

Rajaniemi and Ahokas (2012) evaluated the fuel 

consumption and energy saving potential in the 

poultry industry and stated that the main energy 

losses in this industry are due to low combustion 

efficiency of heating systems, inadequate air 

conditioning and ventilation system and no 

insulation of the halls in different climates. They 

stated that proper management of ventilation and 

temperature control can prevent excessive 

ventilation and this strategy is achievable by 

accurately measuring the ventilators’ air 

discharge power in each house and creating a 

suitable level of aeration according to the type of 

ventilation (tunnel, transverse or mixed) and 

according to the live weight of poultry at 

different ages. In case of lack of management 

and optimization of the house, the consumed fuel 

and the heat generated by the ventilators will be 

transferred to the outside of the hall and will be 

wasted, and as a result it will cause thermal 

energy losses. 

 

As shown in Figure 6, thermal energy 

consumption in cold and dry climates is much 

higher than in temperate and warm climates. 

Some researchers attribute the small difference in 

heat energy consumption between dry and cold 

climates to the fact that, in dry regions, due to the 

predominance of a desert climate, there are very 

cold nights, which increases the consumption of 

thermal energy in order to create the desired 

temperature conditions inside the breeding house 

(Yamini Sefat et al., 2013; Awad et al., 2017). 

Among the problems in broiler farming are the 

low performance of the thermal system and its 

control in farming units (Amini et al., 2015; 

Costantino et al., 2020). Temperature and 

humidity control without rearing house 

optimization for improved comfort and 

performance in different climates is costly 

(Costantino et al., 2018; Nabavi-Pelesaraei et al., 

2013). De Vries and De Boer (2010) and Aerts et 

al. (2000) concluded in their studies that modern 

insulation of poultry walls and roofs in different 

climates can increase economic benefits by 

reducing thermal energy consumption. 

 

CONCLUSION 

 

The results of the present study showed that, by 

optimizing and modernizing equipment of 

poultry halls and the use of new heating systems, 

in all climates, energy loss and capital 

expenditures can be reduced as much as possible, 

ultimately achieving the desired profitability. 
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