Research, Society and Development, v. 10, n. 12, e170101220155, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i12.20155

Evaluation of broiler dark house illumination systems, with and without thermal
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Abstract

In the breeding of broiler house, the proper use of lighting systems has great influence on the welfare and the
productivity of the birds. The objective was to evaluate two artificial lighting systems used in broiler house in terms of
the allocative efficiency of luminance. One of the broiler house was closed with black raffia bag (dark house), without
thermal insulation (NTI) and its lighting was composed of incandescent, compact fluorescent light (LFCs) and light
emitting diode (LED) bulbs. The other broiler house was closed with extruded polystyrene panels (XPS) and
thermally insulated (T1), and its lighting was composed of compact fluorescent lamps. The influence of external light
of sun inside the broiler house was analyzed by means of exhaust holes and the degree of distribution of illumination
through statistical analyzes and the study of the distribution uniformity coefficient (DUC). Contour maps were
prepared showing the degree of internal luminance distribution for each broiler house, specifically in the area that did
not suffer interference from external natural sunlight. The results showed that natural lighting influenced the internal
lighting across the last 18 meters at the end of the broiler house and there was a more homogeneous lighting in the

broiler house TI.
Keywords: Electric energy; Closing curtains; Natural lighting.

Resumo

Na criacdo de frangos de corte o uso adequado de programas de iluminacdo é um fator que influencia diretamente o
bem-estar e a produtividade das aves. Assim, o objetivo deste trabalho foi avaliar dois sistemas de iluminagéo
artificial utilizados em aviarios de frango de corte, quanto a sua eficiéncia distributiva de iluminamento. Um dos
avidrios foi fechado com sistema convencional de lona de réfia escura (Dark house), sem isolamento térmico (N.I1SO)
e seu sistema de iluminagdo foi composto por lampadas incandescentes, fluorescente compacta e led. O outro aviario
foi fechado com isopainéis de poliestireno extrudado (XPS), e isolado termicamente (ISO) e seu sistema de
iluminacéo foi composto somente por 1ampadas fluorescente compacta. Foram analisados o alcance da influéncia da
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luz solar externa para o interior do aviario, por meio dos exaustores, € 0 grau de distribuicdo da iluminacdo nos
aviarios por meio de andlises estatisticas e do estudo do coeficiente de uniformidade de distribuicdo (CUD). Foram
elaborados mapas de isolinhas mostrando o grau de distribuicdo de ilumindncia interna para cada aviério,
especificamente na area que ndo sofreu interferéncia da iluminacéo solar natural externa. Os resultados mostraram que
a iluminacdo solar natural externa influenciou a iluminacdo interna ao longo dos Gltimos 18 metros no final do aviario
e a iluminag&o foi mais homogénea no aviario 1SO.

Palavras-chave: Energia elétrica; Cortinas de fechamento; lluminag&o natural.

Resumen

Al criar pollos de engorde, el uso adecuado de los programas de iluminacion es un factor que influye directamente en
el bienestar y la productividad de las aves. Asi, el objetivo de este trabajo fue evaluar dos sistemas de iluminacion
artificial utilizados en aviarios de pollos de engorde, en cuanto a su eficiencia de iluminacién distributiva. Uno de los
aviarios se cerrd con un sistema convencional de lona de rafia oscura (Dark house), sin aislamiento térmico (N.ISO) y
su sistema de iluminacion consistié en lamparas incandescentes, fluorescentes compactas y LED. La otra casa se cerrd
con isopaneles de poliestireno extruido (XPS), y se aisl6 térmicamente (ISO) y su sistema de iluminacion estaba
compuesto Unicamente por ldmparas fluorescentes compactas. Se analiz6 la extension de la influencia de la luz solar
externa al interior de la vivienda, a través de los extractores, y el grado de distribucion de la iluminacién en las
viviendas mediante el andlisis estadistico y el estudio del coeficiente de uniformidad de distribucion (CUD). Se
elaboraron mapas de isolineas que muestran el grado de distribucion de iluminancia interna de cada vivienda,
concretamente en la zona que no sufrid interferencias de la luz solar natural externa. Los resultados mostraron que la
luz solar natural externa influy6 en la iluminacion interior durante los ultimos 18 metros al final de la casa y la
iluminacién fue mas homogenea en la casa 1SO.

Palabras clave: Energia electrica; Cortinas de cierre; lluminacion natural.

1. Introduction

The brightness of the environment has been proven to affect behavior, physiology, and welfare of broiler house
(Classen et al., 2004; Rutz, & Bermudez, 2004; 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). These birds are kept in rooms with artificial lighting that differs
from natural daylight in terms of color, intensity and photoperiod (Gou & Cherry, 2004; Lewis et al., 2004; Alvino et al., 2009)
and intermittency (Vercellino, 2013).

Cao et al. (2008) and Mendes et al. (2010) have shown that light intensity does affect the performance of the broiler.
Thus, the adequate distribution of light bulbs inside the broiler house is one of the main factors for the chickens to reach their
productive potential obtaining a higher economic performance of the activity (Moraes et al., 2008; Cordeiro et al., 2010).

The level of luminance for broiler house should be the minimum required to allow the birds to identify and move
towards the sources of food and water. According to Mendes et al. (2008), this level of luminance should be around eye-level
for the chickens and should reach 20 Ix for the first 7 days of life and 5 Ix thereafter.

Modern lighting systems are more energy-efficient and can provide even more appropriate illumination, besides the
reduction of electric energy (Cotta, 2002). This has required further research in the entire lighting management system for
growing broiler house (Rierson, 2008).

Incandescent light bulbs require low cost in production and are extremely inefficient energetically because only about
5% of the energy input is converted into visible light, the rest is turned into heat (Aie, 2009).

The advantages of compact fluorescent light bulbs (LFCs) are mainly in the fact that they have the same light output
with lower power consumption, which generates energy savings of up to 97%, longer life, in addition to enabling good color
definitions (Araujo et al., 2011).

Light Emitting Diode (LED) offers a series of advantages through their technological development, which has made
them an actual alternative to replace conventional bulbs. LED technology is being produced with ever lower costs but also has

a higher price than incandescent and fluorescent light bulbs (Araujo et al., 2011).
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Regardless of the lighting technology used in the barns, it is important that the lighting is as homogeneous as possible.
That provides the producer with the maximum production with minimum energy consumption and feed consumption by birds
(Freitas et al., 2005).

Tools such as geostatistical variability can assist in study about the variability of this type of lighting within the farms.

Geostatistics allows the interpretation of the results based on the structure of its natural variability, describing the
spatial behavior of the data (Vieira, 2000; Gomes et al., 2007).

Geostatistics also allow us to evaluate the spatial variability in luminance levels in barns through interpolation, with
particular emphasis on the use of kriging. This method allows for contour maps of the spatial distribution of the factor under
study, aiding in the understanding of the phenomenon (Miragliotta et al., 2006; Faria et al., 2008; Yanagi Junior et al., 2011;
Pereira et al., 2012; Curi et al., 2014).

Within the field of irrigation, the Distribution Uniformity Coefficient (DUC) is commonly used to determine the
degree of uniformity in water distribution generated by irrigation systems. The method for calculating DUC was proposed by
the Soil Conservation Service in 1968 (Drumond et al., 2006).

The DUC can be described as the average of the 25% lowest precipitation values in relation to the total, or the ratio of
the average lowest quartile and the average depth (Paulino et al., 2009).

In the study of lighting systems for poultry barns, the DUC can be used as an analysis tool to determine the luminance
distribution uniformity of the lighting system (Inmetro, 2015) installed in the barn, replacing the precipitating factor with the
observed luminance.

The objectives of this study were to analyze the uniformity of internal luminance distribution in two dark house
poultry barns, checking if these uniformities were influenced by natural external lighting of the sun entering through the
operating exhaust fans, and whether the luminance level of the poultry barns met the poultry requirements described in

academic literature.

2. Materials and Methods

2.1 Experimental area
The study was conducted in two air-conditioned poultry barns of the dark house style, located in the region of Palotina
- PR. The city of Palotina - PR is located at the coordinates, latitude S 24° 12’ and longitude W 53° 50° 30” and the climate is

subtropical.

2.2 Characterization of broiler house

The work was based on the distribution uniformity coefficient methodology proposed by Criddle et al. (1956).

Two broiler houses measuring 15 x 150 m each were evaluated.

The structural design of both broiler house object of this study is similar, being composed of 32 precast concrete posts
and galvanized steel shell structure covered with aluminum metal roofing.

The broiler house differs in terms of the materials used as side closures and thermal insulation.

The side closure of one of the broiler house was made of raffia curtains, externally gray and internally black. The
color of the inner lining is black, being at a height of 2.5 m in relation to the broiler house floor. This broiler house is not
equipped with any materials that increase the thermal insulation between the inside and outside environments and was called
not thermally insulated (NTI).

The side closures of the other broiler house are made of extruded polystyrene panels (XPS). The inner lining is made

of raffia and in yellow color, at a height of 2.5 m in relation to the broiler house floor. This broiler house is equipped with
3
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thermal insulating materials and was called thermally insulated (TI).

2.3 Analyzed variables

In order to take the measurements for the level of luminance in the broiler house, were used a digital luximeter of the
Instrutherm brand, THDL-300 model.

By means of the luximeter function, readings were taken at 306 points distributed in 3.0 x 3.0 m grids within the
broiler house, as well as around the sides of the broiler house. On the set measuring points, the device was placed at a height of
0.3 m, simulating the eye-level of the birds before slaughter age.

At the time when this data collection was done, there was still natural outdoor lighting coming from the sunlight. The
broiler house had their ventilation systems (exhausts) working properly. Daylight was coming in through the back of broiler
house through the exhaust openings.

With the aim of verifying the internal range level of natural light from the sun coming in through the exhaust
openings, we have analyzed the internal light distribution in seven different length measurements, always starting from the
frontal section towards the length under analysis. Were analyzed 150 m sections (the entire broiler house), 144, 138, 132, 126,
120 and 114 m, and these were considered as treatments | (control), 11, 111, 1V, V, VI and VII, respectively. The illuminance

measurements were performed every 6 meters, as can be observed in Figure 1.

Figure 1. Dimensions for the treatments’ sections.

144 m

138 m

Source: Authors.

2.4 Statistical analysis

The statistical analysis was a multifactorial of 2 x 7, with seven treatments and two replications. The treatment was
the size of broiler house area and repetitions were NTI and TI.

By means of descriptive statistical analysis tools, were calculated the average luminance in lux, standard deviation
(SD) and the distribution uniformity coefficient (DUC) for the treatments.

To evaluate the uniformity of luminance distribution, were used the DUC (%) coefficient by analyzing the
relationship between the first quartile and the average luminance for each treatment.

Based on the data were collected; we have created luminance contour maps using the Surfer 12 software.
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3. Results and Discussion

3.1 Internal lighting of broiler house

Data collection was conducted on February 9th, 2016, between 5:30 PM and 7:30 PM. At the time, the age of the
birds was 28 days.

As there was natural outside sunlight entering the aviary through the exhaust running in the back of the broiler house,
were analyzed the distribution of internal luminance for each treatment.

The mean lighting (lux), the standard deviation (SD) and the distribution uniformity coefficient (DUC) of the Tl and
NTI broiler house treatments were calculated. Table 1 shows the statistical descriptive values and the DUC for the broiler
house NTI and TI.

Table 1. Luminance values (Lx) for the broiler houses NTI and TI.

Treatment n Average SD DuUC
NTI TI NTI TI NTI TI
(Lx) (%)
| 306 12.67 14.42 22.08 8.95 25.73 41.24
1 294 9.15 14.05 9.02 7.99 35.63 42.89
Il 282 7.91 13.56 4.60 6.70 39.50 43.72
v 270 7.87 13.48 4.62 6.57 39.61 44.52
Y, 258 8.01 13.66 4.63 6.59 40.13 44.93
VI 246 8.28 13.91 4.57 6.57 43.83 45.92
VI 234 8.31 13.87 4.62 6.63 43.25 45.59

Note. SD = standard deviation; DUC = distribution uniformity coefficient; NTI = without thermal insulation; Tl = thermally insulated
Source: Authors

The standard deviation values showed a similar trend for both broiler houses for the analysis of treatment I11. Thus,
treatment 111 was considered the treatment from which there is no influence on the internal illumination caused by natural
sunlight.

Figures 2 and 3 shows the graphs of the mean lighting, standard deviation and distribution uniformity coefficient
referring to the lighting in the broiler house NTI and TI, respectively, of treatment 111 onwards.


http://dx.doi.org/10.33448/rsd-v10i12.20155

Research, Society and Development, v. 10, n. 12, e170101220155, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i12.20155

Figure 2. Lighting and standard deviation results of broiler houses NT1 and TI.
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Figure 3. Distribution uniformity coefficient results of broiler houses NTI and T1I.
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3.2 Luminance contour maps (LX)
Based on the knowledge of the luminance values for the NTI and Tl barn, we generated the luminance contour maps

(Lx) for the broiler houses, which are shown in Figure 4 (a) and 4 (b).
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Figure 4. Contour maps for lux distribution in the broiler houses NTI (2) and TI (b).
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Source: Authors.

In the map shown in Figure 4 (a), the luminance range from 0 to 5 Ix corresponds to the areas where the farmer still
uses incandescent bulbs of 60 W each. These results corroborate Mendes et al. (2008) who state that from 7 days of age
chickens may be at this level of luminance. Deep et al. (2012) when studying the impact of light intensity (1, 10, 20 and 40 Ix)
on behavior and diurnal rhythms of broilers affirm that the birds exposed to a light intensity of 1 Ix rested more and indicating
a reduced welfare state.

Other areas are places where the farmer installed compact fluorescent or LED light bulbs, as with the need to replace
burned incandescent bulbs, the farmer struggles to find incandescent bulbs easily available.

The lighting distribution map in lux for the TI broiler houses is shown in Figure 4 (b). In this broiler houses there were
only 25 W compact fluorescent light bulbs.

In the TI broiler houses there were installed 90 compact fluorescent lamps of 25 W, totaling an installed power of
illumination of 2.25 kW.

In the NTI broiler houses, there were 55 installed incandescent lamps of 60 W each, 32 fluorescent light bulbs of 25
W each and 3 LED 10 W light bulbs, with a total installed lighting capacity of 4.13 kW.

Although the broiler houses were built with the so-called dark house technology, external natural sunlight can enter
the sheds through the exhaust openings and influence the internal luminance distribution of the broiler house from the 18-meter
back of the shed.

The analysis of the lighting systems used in the studied broiler houses showed that the broiler houses TI, only
equipped with compact fluorescent bulbs of 25 W each, resulted in more uniform luminance compared to the broiler houses

NTI, which had three different technologies of bulbs installed.
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This better distribution does not result in the qualitative affirmation of this feature of distribution. The distribution
uniformity coefficients varied from 41.24% to 45.59% and from 25.73% to 43.83% respectively for the broiler houses TI and
NTI.

The zootechnical indexes for growth of chickens up to the age of 28 days (4th week), are presented in Figure 5.
Figure 5. Weight gain of chickens up to the age of 28 days (4th week).
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The weight gain of the chickens in broiler house NTI and TI were similar, showing the weight gain each week.

4. Conclusion

Even with the aviaries being built with dark house technology, the Sun's natural external lighting can enter the aviaries
by means of exhaust fans and influence the distribution of internal illuminance of the sheds in the last 18 meters at the bottom
of the aviary (the last two spans).

The analysis of the lighting systems used in the study aviaries showed that the TI aviary, equipped only with 25W
compact fluorescent lamps, obtained a more uniform illumination when compared to the NTI aviary, which had three lamp
technologies installed.

It is suggested for future work to evaluate the lighting system using the CUC (Christiansen Uniformity Coefficient)
and compare the results with the DUC (Distribution Uniformity Coefficient) for lighting systems.
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