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ABSTRACT: The spatial illuminance distribution interferes in the commercial production of
eggs and electric energy consumption, being considered the second major source of costs in the
production chain. Therefore, in this study the objective was to evaluate the spatial distribution
of the illuminance level and electric energy consumption in two commercial aviaries for egg
production. The first aviary was equipped with compact fluorescent lamps (CFL) and the
second, with light-emitting diode (LED) lamps. The illuminances in the aviaries were analyzed
using descriptive statistics and their spatial distribution through geostatistics. It was found that
the aviary equipped with CFL showed better uniformity in the illuminances distribution and
better results in attending the luminance levels of 5 lux. On the other hand, the one equipped
with LED lamps showed electric energy consumption 43.52% less than the one equipped with
compact fluorescent lamps (CFL).
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INTRODUCTION

The egg is a major source of animal protein for human consumption, and its production is one
of the agriculture segments in expansion in Brazil. The improved growth performance of the poultry
industry is due to factors such as genetic improvement, nutrition and health care and ambience, with
emphasis on artificial lighting.

According to BORILLE et al. (2013), the use of artificial lighting for laying hens is essential
to the egg production management and it can be used to improve laying rate and to optimize the
feed efficiency.

The light interferes in laying hens welfare, and its effect is quite complex because it involves
the different light wavelengths analysis in the birds health and behaviour. According to NORTH &
BELL (1990), the minimum luminous intensity for laying hens is 5 lux, however, several
recommendations are reported in the literature, such as 10 lux (MORRIS, 2004), between 35 and
55 lux (YILDIZ et al., 2006).

In this context, the illuminance levels evaluation is important for planning the lighting
program. Among the methodologies for this analysis, there is the geostatistics, which allows the
study of the spatial variability of illuminance levels in aviaries by kriging interpolation. Thus, it is
possible to obtain maps to understand the spatial distribution aiding in the planning and lighting
control (YANAGI et al., 2011; MORRIL, 2014).

This methodology has been used to characterize the environmental data variability in
poultry houses, allowing the observation of the spatial dependency, and identifying potential
flaws within the systems (YANAGI et al., 2011; CARVALHO et al., 2012; PONCIANO et al.,
2013).
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According to YANAGI et al. (2011), with the spatial distribution of the variables related to
the production environment more detailed information is obtained on the studied system, and with
the geostatistical analysis is possible to obtain semivariogram models and their parameters.

The use of artificial lighting systems integrates with husbandry practices, being necessary the
correct planning of the lighting program, taking into account the production criteria and also the
technical characteristics of the lamps, aiming to reduce electricity and maintenance costs.

Currently, the use of light-emitting diode lamps (LED) in egg production has shown high
luminous efficiency, lower power consumption and longer useful life when compared to compact
fluorescent lamps (CFL), commonly used in the installations. Several studies have evaluated the
LED lamps use in the installations and verified that there was no damage to the production and eggs
quality, and it contributes to the economy of electric power and reduction of the artificial lighting
system maintenance cost (ER et al., 2007; GONGRUTTANANUN, 2011; BORILLE et al., 2013;
NUNES et al., 2013).

It was observed in the literature studies about the influence of the LED lamp use and its
colour variations in egg production and birds behaviour (MIN et al., 2012; SILVA et al., 2012,
HUBER-EICHER et al., 2013; HASSAN et al., 2014), but few studies are carried out aiming the
deployment and maintenance costs analysis, which can bring economic advantages to the producers.

The electric power needed to maintain the lighting programs represents a significant portion
of the aviary variable costs. According to JACOME et al. (2014), in Brazil studies about artificial
lighting should be developed with multidisciplinary analyses, involving egg production,
environment and electric power consumption. Therefore, the rational electric power use should be
considered in animal production systems aiming to the natural resources conservation, essential for
sustainable development of the production chain.

In this context, the aim of this study was to evaluate the spatial distribution of illuminance
level and the electric power consumption in two commercial poultries for egg production, equipped
with LED and compact fluorescent lamps.

MATERIAL AND METHODS
1 - Aviary characteristics and data collection

The experiment was carried out in a commercial farm for egg production in the municipality
of Nepomuceno - MG, Brazil; the experiment implementation period was from June 11" to
September 12%", 2014.

It was evaluated separately two conventional aviaries with the same dimensions (10 m x 120
m), ceiling height of 4.50 m and east west orientation. The aviaries had galvanized metal tiles in
trapezoidal shape with 0.65 mm of thickness, slope of 25%, North and South overhangs with
dimension of 1.0 m and east west with 0.5m. The side locks were made of yellow canvas curtains.

The first aviary was equipped with 72 compact fluorescent lamps (10W) and the second with
72 LED lamps (7 W) both have central distribution of individual power grid. The evaluated
compact fluorescent lamps had luminous flux of 590 Im, with diffuse distribution, and colour
temperature of 6,500 K (white), the LED lamps had luminous flux of 550 Im, directed downward
with opening angle of 120° and 6,400 K (white), according to the manufacturer’s specifications.

The lighting program consists of 17 hours of light and 7 hours of dark (17L: 7D). Natural and
artificial lighting provided the total 17 hours of light, and for the evaluation period, on average, were
offered 12 hours of daylight and 5 of artificial lighting. Artificial lighting was turned on at 6 pm and off
at 8 pm; it was then turned on again at 03 am and off at 06 am.

Each row of cages battery had 18 points of artificial lighting, whereas the distance between
points was 6.30 m. The installation height of the bulbs was 2.70 m in relation to aviary floor level.

The aviary had three battery cages spaced apart at 1.00 m, forming four lanes for maintenance
throughout each installation (Figure 1).The batteries were composed of four floors of overlapping
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cages arranged in heights of 0.10 m, 0.75 m, 1.40 m and 2.05 m in relation to the aviary floor,
respectively, from the first to the fourth floor of cages (Figure 2).The birds housed in the aviaries
are Hy-Line in early production (22 weeks old), totalling 30,500 chickens in each aviary.

The two aviaries had automated systems to water and feed distribution and to eggs collection.
The eggs were collected through belts located on each line of each floor and connected to central
belts that lead the eggs for the house selection and process.
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FIGURE 1. Aviary schematic drawing (no defined scale). Dimension units: m.
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FIGURE 2. Aviary AA cross-section (no defined scale). Dimension units: m.

To evaluate the distribution of illuminance offered by the different lamps, illuminance
measurements were performed with luximeter, (ICEL, LD-510 model, accuracy = 3% for
incandescent lamps and + 5% for the rest) every 15 days, totalling six days of measurements. These
biweekly measurements allowed the calculation of average illuminance values that were used in
geostatistical analysis, providing thus more representative data. The measurements were carried out
simultaneously in both aviaries from 6 pm, when there was no interference of natural light or other
external light sources.

It was determined three sampling areas for data collection, two at the ends and one in the
middle of the aviary (Figure 3). At each sampling, data were collected at 5 points along the corridor,
characterizing the regions located under the light sources and also the intermediate (Figure 4). In
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each of these five points there were the collection at the four floors levels of cages in heights of
0.40 m, 1.10 m, 1.70 m and 2.40 m (Figure 5).
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FIGURE 3. Schematic design of the aviary showing experimental parcels for illuminance mensuration (no
defined scale). Dimension units: m.
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FIGURE 4. Schematic design of the aviary showing in detail the measurement points of illuminance (no
defined scale). Dimension units: m.
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FIGURE 5. Longitudinal-section of the aviary showing the measurement points of illuminance (no
defined scale). Dimension units: m.

The property is located in the concession area of the Energy Company of Minas Gerais
(Cemig), in the high-voltage tariff group A4, as it is characterized as rural enterprise and it has its

own transformer.

For collection of energy consumption data, it was installed in each of the aviaries a power
meter (single phase meter Nansen electronic vector MD. 120.240V - 15 (100) A - 60 Hz - 2 wires- 1
el - 1 phase) independent only for measuring the power consumption of the lighting system. Two
readings of electricity consumption in kWh were carried out in the trial period of 94 days.
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2 - Determination of the spatial illuminance variability

Initially the illuminance was analysed using descriptive statistics, calculating the average,
standard deviation, median, minimum and maximum. It was verified if the average and the variance
values showed no tendency, or if they are stationary. The conditions specified by the hypothesis of
stationary were contemplated, and then the semivariogram was estimated from the sampling data.

The spatial dependence was evaluated by semivariograms settings (BACHMAIER &
BACKERS, 2008), based on the assumption of intrinsic stationary hypothesis, which was estimated

by [eq. (1)].
y(h) = —— 3 Wlz(x; + h) — z(x)]?

2N(h)

1)
that,

N(h) - number of experimental data pairs separated by a distance h;

Z(xi) - value determined at each reading point;

Z(xith) - value measured at a point over a distance h;

¥() - graphical representation of semivariogram according to the distance h.

The coefficients of the theoretical model for semivariogram (the nugget effect, Co; Spatially
dependent component, Cg; sill, Co + Cy; and the range, a) were estimated from the adjustment of a
mathematical model to the calculated values of y (#). Range is the distance within which the
samples are shown spatially correlated. Sill is the value of the corresponding semivariogram to its
range. From this point on, it was considered that there is no more spatial dependence between
samples. The nugget effect reveals the discontinuity of the semivariogram for distances smaller than
the shortest distance between the samples. The nugget effect measures the unexplained variability
depending on the distance of the sample used, such as local variations, analysis errors, sampling
errors and others. Spatially dependent component is the difference between the sill and the nugget
effect.

The semivariograms were adjusted by the method of Restricted Maximum Likelihood
(REML), and the mathematical model was spherical. To analyse the spatial illuminance dependence
degree, it was used the classification of CAMBARDELLA et al. (1994), that were considered
strong spatial dependence the semivariograms in relation the nugget effect (Co) / (Co + C1) smaller
than the 25% of the sill, moderate between 25 and 75% and weak bigger than 75%. This
methodology has been used by several authors (MORRIL, 2014; PONCIANO et al., 2013;
CARVALHO etal., 2012; PEREIRA et al., 2012; YANAGI et al., 2011).

After the semivariogram adjustment, it was carried out the interpolation data by ordinary
kriging, which enabled the maps development, aiming the spatial illuminance visualization. The
software used for statistical analysis was the statistical computing system R (R Development Core
Team) and its geoR library (RIBEIRO JUNIOR & DIGGLE, 2001).

RESULTS AND DISCUSSION

Figure 6 represents the distribution of illuminance levels for four cages’ floor of two
evaluated lighting systems. It was observed that as the floor raises, i.e., approaches the light source,
the variability in the illuminance distribution increases.
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FIGURE 6. Box Plot graphs for illuminance in the floors from the 1% to the 4™ with heights of 0.40 m,
1.10 m, 1.70 m and 2.40 m, respectively, in aviaries equipped with (A) compact fluorescent
lamps, and (B) LED lamps.
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However, a way to better characterize the spatial illuminance distribution is through
geostatistics.

The minimum luminous intensity for laying aviaries is 5 lux (NORTH & BELL, 1990).
MORRIS (2004) recommends 10 lux, although the physiological limit in response to changes
in the photoperiod to be 2 lux (GARNER et al., 2012; MORRIS, 2004). According to YILDIZ
et al. (2006), luminous intensities between 35 and 55 lux improve yield and eggs’ quality.

In all floors the LED lamp provided greater luminous intensity than fluorescent lamp
(Figure 6) and less uniformity in the illuminance distribution, being these characteristics the
most evident on the 3" and 4™ floors. LONG et al. (2015) also observed a lower uniformity in
the spatial light distribution in aviaries illuminated with LED lamps when compared to
fluorescent lamps. In this research, two types of lamps evaluated showed different patterns for
decreasing the light intensity, suggesting the need for reorganization of the LED lamps to
obtain a more uniform distribution. A more detailed comparison was not possible considering
that the authors did not present all the information necessary for the characterization of the
evaluated lamps.

The LED lamps evaluated in this study present as a characteristic the direction of the
luminous flux downward hindering the illuminance distribution.

The estimates for the parameters of the experimental semivariogram for the illuminance
variable in the four cages’ floor and in both lighting systems evaluated are given in Table 1.
The adjustment method that best represents the data was the spherical model, confirming the
brightness analysis carried out by YANAGI et al. (2011) in broiler facilities.

As all the evaluated data showed null values of nugget effect, it can be infered that all
the spatial variability was explained. PEREIRA et al. (2012), evaluating different types of
lamps for broiler chickens sheds also found nugget effect value equal zero in the majority of
the systems. According to CAMBARDELLA et al. (1994) the nugget effect with value less
than 25% of the value obtained by the sill indicates a strong spatial dependence in the
variable studied. This result was obtained for all variables analyzed, as well as the results
obtained by MORRIL (2014) when analyzing the different LED colors to raise broiler
chickens. On the other hand, YANAGI et al. (2011), evaluating the lighting in sheds for broiler
chickens, found weak spatial dependence for lighting variable.
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TABLE 1. Estimates for the parameters of experimental semivariogram for illuminance in the four
floors of the aviaries equipped with compact fluorescent lamps and LED lamps.

Spatiall
Aviaries Nugget effect de%ende?l/t Sill  Range (m) Dependence Average error
component Degree
1%t Floor 0 0.52 0.52 5.68 0.00 Strong 0.01415
CEL 2" Floor 0 5.055 5.05 3.50 0.00 Strong 0.00038
3" Floor 0 37.38 37.38 3.52 0.00 Strong 0.00059
4" Floor 0 330.85 330.85 3.55 0.00 Strong 0.00112
1%t Floor 0 21.24 21.24 3.61 0.00 Strong 0.00183
LED 2" Floor 0 93.19 93.19 3.48 0.00 Strong 0.00137
3" Floor 0 420.06 420.06 3.44  0.00 Strong 0.00197
4™ Floor 0 1305.8 1305.83 3.44  0.00 Strong 0.00305

The semivariogram showed well-defined sills, being the ranges or the limits values of the
distances in which there would not be more spatial dependencies for the illuminance variable in
compact fluorescent and LED lamps, they are listed in Table 1.

From the spatial dependency of the semivariogram models, it was estimated illuminance
values by kriging. It has therefore been possible to build spatial distribution maps for the four cage
floors of each evaluated aviary, allowing visualizing the spatial variability of the data and enabling
to observe the differences between the LED and the compact fluorescent lamps (Figure 7). The
aviary which uses compact fluorescent lamps showed lower illuminance values and more uniform
distribution, being the 1% floor of this aviary that showed the best results.
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FIGURE 7. Spatial distribution of illuminance levels for the four cages’ floors of the lighting systems
consisting of compact fluorescent lamps (CFL) and LED lamps. (A) 1% floor — CFL; (B) 1%
floor — LED; (C) 2™ floor — CFL; (D) 2" floor — LED; (E) 3" floor — CFL; (F) 3" floor —
LED:; (G) 4" floor — CFL; and (H) 4" floor — LED.

In figure 8 are represented the occurrence frequencies of the illuminance levels in the four
cages’ floors of the aviaries illuminated with LED and compact fluorescent lamps. It is observed a
higher value of illuminance for LED lamps; also the higher floors regarding to the floor level
receive higher light intensities. The illuminance distribution on the 4™ floor of the system consisting
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of LED lamps features the largest amplitude, indicating high heterogeneity. This is due to the
characteristic of the LED lamp evaluated, which despite of having diffusing dome, directed the
luminous flux downward, in order to avoid losses, but in this case affect visual comfort for the
birds. In this context, some of the LED lamps’ models need to be tested for using in aviaries.
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FIGURE 8. Occurrence frequency of illuminance levels in four cages’ floors of aviaries for the lighting
systems (A) with compact fluorescent lamps (CFL), and (B) LED lamps.

In both lighting systems assessed every floor presented illuminance levels within the
minimum of 5 lux, except the 4™ floor with the LED lamp, in which about 6% of the data collected
were below the recommended minimum. The aviary equipped with compact fluorescent lamps
showed 62.6% of the data collected in the range between 5 and 10 lux, the one equipped with LED
lamps this percentage was 46.8%. The evaluated aviaries adopt the minimum illuminance of 5 lux
(NORTH & BELL, 1990), considering that the ideal illuminance would be the one between 5 and
10 lux, the compact fluorescent lamp showed the best distribution.

The aviary illuminated with LED lamps showed higher levels of illuminance and on the 4th
floor more than 50% of the sampling points indicate illuminance between 50 and 100 lux. These
results highlight the need for repositioning the LED lamps to reduce the illuminance levels and
homogenize their distribution. This adaptation will possibly reduce the number of lamps installed in
the aviary and thus reduce the consumption of electricity, besides the lighting system
implementation cost.

All the evaluated lamps were new and were installed at the beginning of the experiment, but it
should be noted that may occur the depreciation of the lamps luminous flux along the time. The
production environment, usually humid and with a lot of suspended dusty can aggravate this
situation. LONG et al. (2015) evaluated the depreciation of the luminous flux of LED lamps in
aviaries and found a decrease of 27% in the illuminance level after 3,360 hours of use.

The aviary equipped with compact fluorescent and LED lamps showed electricity
consumption of 425 kWh and 240 kWh, respectively, during the experimental period of 94 days.
Therefore, the use of LED lamps caused the reduction of 43.52% in the electricity consumption.

The replacement of the lighting system used in aviaries composed of lamps with low
luminous efficiency is being recommended in the recent years. JACOME (2009) evaluated the
replacement of 100W incandescent lamp by more efficient technologies, among them the 70 W
sodium vapor lamp which represented 54.14% savings in electricity demand and the 23W compact
fluorescent lamp which reduction was 73.76%. NUNES et al. (2013) report that the use of LEDs for
laying may have a reduction of up to 70% in electricity consumption of the sheds, in addition, it can
be considered that this technology offers longer life when compared to other light sources
commonly used.
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The data in the present literature, as well as those obtained in this study indicate the
potential to reduce electricity costs in egg production, but it is necessary the economic assessment
considering the implementation costs of the lighting system with LED lamps.

CONCLUSIONS

The aviary equipped with compact fluorescent lamps showed better uniformity in the
illuminance distribution when compared to that equipped with LED lamps, and provide better
results to attend the minimum illuminance of 5 lux.

The LED lamp had lower electricity consumption, resulting in a reduction of 43.52% as
compared to the CFLs, and therefore the one that presents higher economic advantages.
However, it should be carrying out economic analysis.
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