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Abstract

The objective of the study was to develop a design methodology involving a mixed system for better use of
natural lighting and ventilation, together with electrical heating and ventilation systems that are currently used in
commercial aviaries. Two building models were analyzed, one open conventional, and the other developed
specifically for this study, with a cross ventilation brise-soleil system that provided greater energy efficiency in
aviaries. Subsequently, the two models were compared using Autodesk’s Revit software through the Green
Building Studio, to analyze the energy consumption of buildings during the year. The results showed that the
model of poultry developed for the study proved to be more efficient in relation to the model of open poultry.
The proposed broiler house was 21.07% more efficient than the conventional open aviary.
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1. Introduction

Birds are homeothermal animals, keeping the internal temperature constant, thus having a continuous change of
temperature with the environment. Thus, birds need a thermal comfort zone, in which the temperature, winds and
relative humidity of the air must be within the appropriate levels of comfort for the animal (Jones et al., 2005;
Souza, 2005; V. M. N. Abreu & P. G. Abreu, 2011).

According to Belay and Teeter (1993) when the temperature and relative humidity of the air surpass the
recommended levels for the proper development of broilers, there will be implications for the heat exchange of
the broilers, thus impairing the development of broilers during the period accommodation.

Aradas (2001), and Cravo et al. (2009), define that the thermal comfort of the aviaries is extremely important,
since severe temperature conditions affect the production of the birds, reflecting in the loss of productivity.

Considering that poultry activity is one of the main sectors of animal source of protein, mainly in the southern
region of the country, it is important to take into account the planning of the facilities, mainly in relation to the
thermal comfort that are often carried out by energy operated equipments that demand high energy consumption.
The optimization of energy in poultry has generated discussions and several studies that mention the importance
of poultry farmers to identify ways to optimize the use of energy efficiency due to the high cost of electricity
(Nonis & Samed, 2014).

During the process of fattening and growth, birds must be provided proper temperature lighting (Olanrewaju et
al., 2006; Kristensen et al., 2007; Lewis et al., 2007; Castellini et al., 2012; Deep et al., 2012; Gonzalez-Garcia et
al., 2014) and ventilation. According to Bianchi (2016) reported that the wind speed and the average radiant
temperature are fundamental to determine the thermal comfort of the chicken. Fans and other equipment that
require energy are currently used to maintain the best possible ambience in the aviary.

Broiler house must be designed and built to meet the environmental conditions required by birds (Seo et al.,
2009; Cardoso et al., 2011).
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Thus, the search is on for new technologies to adopt in poultry facilities to achieve greater productivity at lower
costs, considering the welfare of animals is necessary. One of these technologies is the use of Autodesk’s Revit
computer system by the Green Building Studio, which allows to virtually model the broiler house, including
enough data to determine the viability of the broiler house.

The study was analyzed using Autodesk’s Revit computer system by the Green Building Studio. This system
compared the model developed with the conventional open-sided model. The models were tested to obtain a
design methodology more adapted to the region’s climate. The proposal of solar blocker and natural ventilation
have the possibility to preserve and improve the thermal comfort of the birds, improving the quality of life of the
animals and decreasing the expenditure of electric energy and consequently reducing the cost of production.

Given the above, the objective of the work was to develop a design methodology that would present energy
efficiency in broiler houses with reduction in production costs, taking advantage of natural lighting and
ventilation for better thermal comfort, adapting to the external climate, taking advantage of or blocking natural
resources for the best possible ambience in the internal space of the environment.

2. Material and Methods

The work methodology was developed in the city of Cascavel/Paran, located in the western region of the state,
as it is one of the largest poultry producers in the region.

Project types were evaluated in order to obtain an architectural model with greater use of lighting. A brise-soleil
system with the function of blocking solar radiation and a natural cross ventilation system were used, in addition
to providing greater energy efficiency in broiler house.

The evaluation methods were performed by the Autodesk Revit computer system, using which the architectural
model was developed and through the Green Building Studio system, energy efficiency analysis was developed.
Through these computer programs, data, and variables such as temperature and heat transfer, wind flows and
energy consumption were generated, along with other data.

Two building models were analyzed, one open conventional, and the other developed specifically for this study,
with a cross ventilation brise-soleil system. Both models have the same electrical equipment, such as lamps and
fans, with changes only in the construction and architectural elements of broiler house (open conventional broiler
house and broiler house with brise-soleil system and chimney effect).

Under the same weather conditions, the analyzes were determined on the database at the weather station, located
at latitude 24°93'17” and longitude 53°46'59" and altitude of 592 m to evaluate the performance of each model
and its efficiency due to architectural qualities.

2.1 Ventilation and External Temperature Analysis of the Broiler House

For the analysis of the parameters, graphs were plotted for ventilation and temperatures were used. The analyzed
models were evaluated for a period of one year. The annual wind frequency, the annual temperature range, the
monthly temperature data, and the annual humidity data were measured.

The solar chart of the municipality of Cascavel/Parana was performed by the Analysis Sol-AR 6.2 software
(LabEEE/UFSC, 2009) (Figure 1), in which the solar incidence, the solar angle and its interference from heat and
direct light can be observed.
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Figure 1. Cascavel solar chart, latitude 24°57'21" south
Source: LabEEE/UFSC (2009).

The wind rose was determined with the data collected by the weather station located at the aviary’s installation
site, using the Green Building Studio software (Figure 2). This Figure shows the average wind speed in the city
of Cascavel and that the northeast wind is predominantly, with some fluctuations during the year. Next, the wind
speed averages and their predominant directions during the seasons were determined, to observe the interference
in the ventilation flows.
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Figure 2. Wind velocity and wind direction

2.2 Energy Consumption Analysis

For the analysis of energy consumption, data on the use and cost of the kWh/year of the two models were measured.
The energy consumption for the use of the equipment to maintain thermal comfort in broiler house, the monthly
heating load, as well as the monthly cooling load, the monthly electricity consumption, and the peak monthly
demand were also recorded. All model data and graphics were prepared using the Green Building Studio software.
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2.3 Broiler Houses Models

For the analysis of solar incidence, two broiler houses system models were evaluated, one with conventional open
cut, and the other with a system with adjustable openings with brise-soleil and cross ventilation with chimney
effect (study proposal). The fans and lamps arrangements were the same in both models.

According to Bianchi (2016), the heat generation of the chickens is relatively complex, increasing with the growth
of the chicken and varying throughout the day.

As the objective of this work was to evaluate, most efficient architectural model, all the elements for control of
internal environment were the same in both models except changes in construction.

2.3.1 Open Conventional Broiler House

The open conventional broiler house was based on the model sold the market, its construction part being made of
wood and masonry structure, with the closures with canvas and cover with 6mm fiber cement tile (Figure 3).

Corrugated fiber cement tile

Wall opening with rolling canvas
2500 x 2850 mm

Basic wall
Generic - 90 mm brick

Wood waste (poultry house litter - SO mm)

Figure 3. Open conventional broiler house

According to Bedin (2015) in implementation of projects for poultry building, the location, orientation,
dimensioning, roof, shading, and external afforestation must be carefully observed, in addition to the climatic
elements. Otherwise, it may generate a situation of thermal discomfort, especially during the hot seasons of the
year, with loss of bird productivity.

2.3.2 Broiler House With Brise-Soleil System and Chimney Effect

The brise-soleil system device was installed horizontally, on the north facade of the aviary, which will block the
face with the greatest solar incidence during hot days, but allow the entry of light (Figure 4).

Brise-soleil system - Horizontal
5000 x 3500 mm

TR

Sliding window - Two openings
2500 x 2850 mm

Basicwall
Generic - 90 mm brick

Figure 4. Arrangement of brise-soleil system in the aviary

The ventilation system was cross ventilated with a chimney effect. According to Mascar6 (1991), this system is
mainly effective in cooling surfaces by convection, especially in hot periods of humid climates. This system
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provides greater exchange of indoor air with the outside, so the more frequent the exchange, the greater the
comfort of the indoor environment (Figure 5).

Flgure 5. Cross Ventllatlon system and chlmney effect

In this system, it is possible to optimize natural ventilation and removal of hot air, to keep internal air continually
renewed controlling the temperature as close as possible to the desirable one.

According to Hertz (2003) the most important aspect of this technique is its ability to decrease the temperature of
the structure, that is, to lower the temperature of the architectural elements that form the environment in order to
provide thermo comfort zone.

This system has been designed considering cold and hot days, regulating the internal temperature to provide
greater comfort to the birds. In addition it reduces the need for heating and cooling systems that demand
electricity, reducing consumption and optimizing production.

The brise-soleil system was fixed on the north facade where the solar incidence is greater, in order to decrease
the internal temperature and reduce energy consumption. There is also the replacement of the roof by a thermo
acoustic tile made of Styrofoam coated in steel, reducing the thermal conduction of the roof and minimizing the
use of equipment that requires consumption of electricity to regulate the temperature of the environment. A
system for capturing air through opposite openings that directly affects the interior of the environment, and a top
opening for the chimney effect that performs the exchange of air, removing the hot air from the environment,
mainly through the conduction of the roof heating and providing greater thermal comfort and reducing the
conduction of solar radiation into the environment.

Thermoacoustic roof tile made of styrofoam coated in steel

Horzontal pivoting window - 1 panel
1350 x 400 mm

Thermoacoustic roof tile made of styrofoam coated in steel

Composite lining

Brise-soleil system - Horzontal
5000 x 3500 mm

Shiding window - Two openings
2500 x 2850 mm

Basic wall
Generic - 90 mm brick

Wood waste (poultry house litter - 50 mm)

Figure 6. The brise-soleil system
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According to Hertz (2003) negative pressures force the hot air to rise by convection, producing a drop in internal
pressure. Thus, the lowest temperature outdoor air enters the environment, while the warmest indoor air escapes
through the ceiling.

The model developed for the study presented some specific changes to improve the environmental comfort of the
aviary to reduce radiation and improve ventilation to change the indoor air of the building more efficiently.

3. Results and Discussion

Results of the comparison of the proposed model with the open conventional broiler house, processed by the
Green Building Studio software with analysis of the building for one year.

3.1 Incidence of Ventilation and External Temperatures of the Broiler House

The ventilation and temperature data are the same for the two broiler houses, since they were carried out by the
same weather station, thus the annual distribution of wind frequencies (Figure 7) and temperatures were the same
in both models.
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Figure 7. Annual wind frequency distribution

The wet bulb temperature was lower due to the heat used to evaporate the water, and its cooling was due to the dry
air, so the drier the air, the greater the cooling. The greater the difference in temperature between them, the lower
the relative humidity of the air, thus, the smaller the difference the greater the relative humidity of the air (Grimm,
1999).

In Figure 8, the wet bulb and dry bulb relationship can be observed, in the temperature ranges in relation to the
amount of time in annual hours that the broiler house was exposed.
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Figure 8. Annual dry bulb and wet bulb temperature range

Figure 9 shows the monthly data of the minimum and maximum monthly average of the dry bulb temperature
range for cooling and heating, as well as the average dry bulb range for each month of the year. The highest levels
are found in the spring and summer seasons, which are the hottest months of the year, and the lowest levels in
winter and autumn, which are the coldest months of the year.
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Figure 9. Average, minimum and maximum monthly temperature of cooling and heating dry bulb
in both aviaries

The relative humidity of the air (UR%) indicates saturation than actual amount of water vapor in the air
(GRIMM, 1999).

In Figure 10, monthly humidity levels and morning and afternoon averages can be seen at the location of the
broiler house.
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Figure 10. Monthly humidity with morning and afternoon averages

3.2 Energy Consumption and Thermal Comfort of Broiler Poultry Houses

The equipment, the number of chickens and the heat generation were the same in both models, except for the
architectural elements of broiler house. Figures 11 and 12 show the energy consumption of the aviaries during the
period of one year.

R 100%

Electric energy  100% $24.314 202612 KWh
M Fuel 0% $0 0 W
T s24314
Figure 11. Electric energy consumption and annual electric energy cost in the open broilers house

— 400%

Electric energy  100% $19.190 159,917 KwWn
B Fuel 0% $0 0 W
T $18.1%0
Figure 12. Electric energy consumption and annual electric energy cost in the architecturally
modified broiler house

Electric energy consumption in the two broiler houses is shown in Figures 13 and 14.
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For both types of broiler houses, the heating, ventilation systems, artificial lighting system, and equipment
demands electric energy.

8%
69%
23% (W)
[l Heating and ventilation systems 63% $16,892 140.77
B Actificial lighting system 23% $5.396 4497
3 $2.024 16,87

Sewveral equipment

$24.312 20261
Figure 13. Electric energy demand in the open broilers house

1%
61%
28% (KWh)
[l Heating and ventilation systems g1% $11.768 98,074
B Actificial lighting system 28% $5.396 44972
Several equipment 1% $2.024 16,870
$19,188 159,916

Figure 14. Electric energy demand in the model broiler house developed for the study

The monthly electric energy demand for heating the internal environment, as well as the broiler house heat gain
and loss factors, through materials, equipment or broiler house openings can be seen in Figures 15 and 16.

MJ
2500 4 Sewveral equipment
2000 1 M Artificial lighting system
O 15004 Brouerg .
o B Natural lighting
2 10004 . B Heat transmitted through the openings
g‘ 500 . m I Air renewal
;g o |z -] ] Soil
] . W subfloor
; 500+ M Roofs
g -10004 B wais
S
= .15004
-2000 4
2500

Jan 'Feb Mar Ape May Jun Ju AuQ Sep Oct Nov Dec

Figure 15. Monthly heating load in the open broilers house
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6000 1 Several equipment
M Artificial lighting system
4000 Broilers
W Natural lighting
20007 I [l Heat transmitted through the openings
. . . . I Air renewal
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Figure 16. Monthly heating load in the broiler house developed for the study

Figures 17 and 18 show the monthly electric energy demand for cooling the internal environment, and the elements
that require greater electric energy consumption to regulate the thermal comfort of the environment.

MJ

Several equipment
M Artificial ighting system

150000 4 Broilers
. l I l . W Natural nghting

100000 B Heat transmitted through the openings
B Air renewal
Soil
50000 1
M subfioor
SLEL LN R R M Roofs
ol LLLL M wais
50000 1
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Figure 17. Monthly refrigeration load in the open broilers house
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Figure 18. Monthly refrigeration load in the broiler house developed for the study

Figures 19 and 20 show the monthly electric energy consumption.

171



jas.ccsenet.org Journal of Agricultural Science Vol. 12, No. 10;2020

kWh
25.000

20,000 1

15.000 4
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B Simulated electrical energy (kWh)

Figure 19. Monthly electric energy consumption in the open broilers house
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14.000
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10.000
8.000
6.000
4 .000 -
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[l Simulated electrical energy (KWh)
Figure 20. Monthly electric energy consumption in the broiler house developed for the study

The broiler house studied showed greater efficiency in the monthly consumption of electric energy compared to
the conventional open aviary.

Figures 21 and 22 show the monthly demand for electric energy peaks.

KW
379

BS54
3551
354

3451

3351

Maximum monthly electric energy demand

33

Jan Feb Mar Apr May Jun Ju  Aug Sep Oct Nov Dec
B Simulated electric energy peak (kW)

Figure 21. Monthly demand at peak electric energy levels in the open broiler house
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Maximum monthly electric energy demand

Jan Feb Mar  Apr May Jun Jul Aug  Sep Oct  Nov Dec
[l Simulated electric energy peak (kW)
Figure 22. Monthly demand for electric energy power surges in the broiler house developed for the study

Again, the proposed broiler house presented greater efficiency in the monthly demand in the peaks of electric
energy in relation to the conventional model.

The proposed model was 21.07% more efficient than the conventional open model, thus evidencing the importance
of studies and new project methodologies. This result is mainly due to the use of brise-soleil system on the north
facade, blocking solar radiation, and through the chimney effect, minimizing the heat transmission through the
roof, being one of the main factors of thermal conduction. According to Lamberts, Dutra, and Pereira (2004), with
the energy crisis and discussions of environmental impacts worldwide, there is a need for the search for new
architectural proposals closer to available technologies and with a focus on environmental preservation.

4. Conclusions

There was blockade of solar radiation and thermal reduction inside the broiler house with the use of the solar
blocking brise-soleil system.

The ventilation of the broiler house proposed by the study was more efficient, due to the chimney effect.

The proposed broiler house was 21.07% more efficient than the conventional open aviary.
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