academic]ournals

Vol. 11(46), pp. 4768-4773, 17 November, 2016
DOI: 10.5897/AJAR2016.11336

Arficle Number: 44B7C5461728

ISSN 1991-637X

Copyright ©2016

Author(s) retain the copyright of this article
http://www.academicjournals.org/AJAR

African Journal of Agricultural
Research

Full Length Research Paper

Electric energy consumption and economic feasibility
of led lighting system in broiler house

Solles Augusto Rovaris*, Jair Antonio Cruz Siqueira, Carlos Eduardo Camargo Nogueira,
Samuel Nelson Melegari de Souza, Andrei Antonio Mondardo, Reginaldo Ferreira Santos,

Claudinei de Almeida, Glaucio José Gomes and Amauri Massochin

College of Agriculture Engineering, Post-Graduation Program of Energy Engineering Agriculture, Western Parana State

University, UNIOESTE, Cascavel, PR, Brazil.
Received 20 June, 2016; Accepted 17 August, 2016

This study aimed to compare the performance of incandescent lamps and LED lamps, regarding the
consumption of electricity and the economic viability of these lighting systems in broiler houses in
western Parand State, Brazil. The study was conducted to compare the power consumption in two
broiler houses of the dark house type in Sdo Miguel do Iguacu, Parand, Brazil; one lighting system with
incandescent lamps and the other one with LED lamps. The power consumption was measured in the
two lighting systems, using meters of electrical quantities Landis Gyr+ during the housing period of a
batch of poultry corresponding to 43 days. Then, the energy consumption was calculated per bird
housed, by mass of live chicken and aviary unit area. With the electricity tariff values for rural
consumers, there was an evaluation of the economic viability of lighting systems by the method of net
present value (NPV) method and the discounted payback. The main results showed that throughout the
period of broiler chickens housing, in the aviary with incandescent lamps 1,768 kWh in lighting was
consumed, while the aviary with LED lamps consumed 221 kWh. The economic feasibility analysis
showed that the use of LED lamps presented greater economy, and has a return on investment within a
period of 21 months.
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INTRODUCTION

The Brazilian poultry industry is responsible for thousands
of integrated producers, processing companies and
exporters. The poultry sector employs over 3.6 million
people directly and indirectly, and accounts for almost
1.5% of the national gross domestic product (GDP)
(UBABEF, 2014).

The national poultry industry uses imported tech-nologies
temperate climates, using adaptations without considering
the growing concern for the rational use of energy in
relation to the environment (Bonn, 2010). As this activity
is dependent on electricity, mainly due to commercial-
scale productivity, energy consumption in the production

*Corresponding author. E-mail: sarovaris@gmail.com. Tel: +55 45 3220 3155.

Author(s) agree that this article remain permanently open access under the terms of the Creatfive Commons Atfribution

License 4.0 International License



http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

Rovaris et al. 4769

Figure 1. Location of aviaries 1 and 2 of the study (Google maps, 2015).

becomes limiting, making the poultry sector seek
increased energy efficiency. According to Saidur (2009),
this reduction in power consumption, can constitute a
simple replacement of inefficient light bulbs with more
efficient light bulbs.

According to Simpson et al. (2014), regarding the poultry
industry, the light is an important aspect and is presenting
developments in lighting systems in aviaries during the
past years. Until 2007, the production of broiler chickens
depended almost entirely on incandescent lamps. From
2008, producers began to replace incandescent lamps
with spiral compact fluorescent lamps not dimmable, for
laying chickens, and for termination, used to dimmable
CFLs. This process resulted in an annual electricity bill
reduction of US$ 1,000 for aviaries of 1,800 m2.

Santos et al. (2015) and Simpson (2008), report that
incandescent lamps produce light by heating the tungsten
filament. For this reason, the luminous efficiency is in the
range 10-20 Im/W. Depending on its construction and the
filament operating temperature, the rated life of these
lamps is approximately 1,000 h. According to Brunner et
al. (2010), incandescent lamps are considered inefficient
light sources, because 95% of the consumed electrical
energy is dissipated as heat. According to Reynolds et al.
(2012), despite the fact that cost of the incandescent
lamp is much less, in the long run, the cost may be
increased due to the high consumption of electricity. As
stated by MME (2011), according to the Ministry of Mines
and Energy of Brazil, the incandescent lamp is inefficient
and through an interministerial decree No. 1,007 of
December 31, 2010, which sets minimum levels of
energy efficiency for incandescent lamps, prohibits
marketing and imports from June 30, 2016.

FUPAI (2006) reported that LED lamps are composed
of semiconductors that convert electrical current into
visible light in a solid state. The main advantage is its
small size and technological development, making it an
interesting alternative to the replacement of incandescent
lamps. According to Osram (2014), the LED lamp has
energy efficiency of about 100 Im/W in the white light

illumination. Simpson et al. (2014) comments that, from
2008, new light-emitting diodes (LED), became available.

Abreu and Abreu (2011) reported that the aviaries type
dark house, can possess light protection and natural
ventilation, held by Curtain sider sealing black
polyethylene on one side and reflective on the other or
use steel plates insulated with rigid foam polystyrene
(XPS) for sealing. The aviary type dark house provides
greater control of lighting and thermal conditions inside
the aviary. As stated by Nowicki and Butzge (2011), in
this type of aviary, the birds are subjected to totally
artificial light and controlled light program, ventilation and
relative humidity as well. This combination of controlled
ventilation and light makes the broiler become quieter
and consume less energy for their development.

In order to show the possibility of power consumption
reduction in aviaries and demonstrate the economic
viability, this article compared the performance of
conventional incandescent lamps with the performance of
LED lamps based on their energy consumption in their
final use in two broiler houses type dark house in S&o
Miguel do Iguacu city, western Parana, Brazil (Figure 1).

MATERIALS AND METHODS

The aviary 1 was built about 8 years ago, works in the system dark
house and has the capacity to house 23,000 broilers. Its dimension
is 12 x 150 m (total area of 1,800m2) and ceiling height of 2.60 m.
The sides are insulated with polyethylene sheeting and coverage
with fiber cement tiles with 6 mm.

The aviary 1 lighting system is composed of 3 rows of 22
incandescent 60 W lamps of 127 V, a total of 66 lamps installed.
The control of the illumination system is done by means of a panel
with a Fan control dimmer equipment (Figure 2).

The aviary 2 which was built about 2 years ago works in the
system dark house and has the capacity to house29,000 broilers.
Its dimension is 14 x 150 m (total area of 2,100 m2) and ceiling
height of 2.45 m. All lateral walls were sealed through a system of
double aluminum plates, expandable polystyrene (EPS) coated,
filling the heart of this system is through the use of extruded
polystyrene (XPS). The doors also have insulation with aluminum.
The external side of the aviary is painted in white.
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Figure 2. (a) Aviary 1, dark house system without thermal insulation. (b) Lighting with

incandescent lamps in aviary 1.

Figure 3. (a) Aviary 2 with thermal insulation and lining with thermal blanket. (b) Lighting with LED

lamps in aviary 2.
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Figure 4. Measuring instruments installed in the scenarios 1 and 2.

The aviary 2 lighting system consists of 3 lines of thirty-three 5W
LED lamps, for a total of 99 lamps installed. The control of the
illumination system is done by means of an Avilamp panel, which
has a converter 220V/24 V to power the system (Figure 3). The
authors used the brand meters Landis Gyr+ ZD318 model, that
store the active power consumption for net connection in 3-phases,
4-wires; 2-phase, 3-wire; connected in 120 or 240 V, 50 or 60 Hz
and currents up to 120 A. It has standard optical interface ABNT
(brazilian standard); diode (LED) test and its reading is recorded
every 1 Wh/pulse (Figure 4).

Initially, there was the technical inventory of the two aviaries

lighting system. Also, broiler chicken production information,
housing area, density of broiler/m? and total output weight of the
broiler in each aviary were collected (Table 1).

To perform the measurement of electricity consumption, the
brand meters Landis Gyr+ Z.D.318 model was used. In aviary 1, an
equipment Landis Gyr+ was installed in order to collect data from
electric power consumption of 66 power incandescent lamps of 60
W. In aviary 2, other equipment Landis Gyr+ was settled to
measure the electric power consumption of 99 LED lamps of 5 W.

The data generated by the meters were collected daily. The
beginning of the data collection took place on June 18, 2015 (date
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Table 1. Technical characteristics of the aviaries.

Description

Aviary area (m?)

Input housed broiler (un.)
Slaughter output broiler (un.)
Density of broiler (broiler/m?)

Output total live broiler weight (kg)

Aviary 1 Aviary 2
1,800 2,100
23,000 29,000
21,698 27,334
12.78 13.81

60.732,70 72.571,77

Table 2. Electric energy consumption of lighting systems on each aviary.

Description Aviary 1 Aviary 2
Total eletric energy consumed (kWh) 1,768.00 221.00
Eletric energy consumed (kWh /housed broiler) 0.0815 0.0081
Eletric energy consumed in lighting (KWh/m?) 0.9822 0.1052
Eletric energy consumed (kWh /kg of live broiler) 0.0291 0.0030

of housing broiler) and ended on July 31, 2015 (date of transport of
broiler for slaughter). The electrical quantity measured was the
active energy (kWh), collection of data of total consumption,
consumption during normal business hours (6:30 to 21:30) and
consumption on schedule (NRR) with nocturne rural rate (21:30 to
6:30). The property works with conventional charging rural B2
group with nocturne reduced rate.

To calculate the electric energy consumption in kWh/housed broiler,
the energy consumption in kWh/m2 and electricity consumption in
kWh/kg of live broiler, the following equations were used:

EECHB=TEEC/(housed broiler amount) Q)
EECAU=TEEC/(aviary area) 2)
EECBLM=TEEC/(total weight of live broiler ) 3)

Where, EECHB = Electric energy consumption by housed broiler,
kWh/housed broiler; EECAU = Eletric energy consumption by area
unit, kWh/m2; EECBLM = Electric energy consumption by live
broiler weight, kwWh/kg of broiler live; TEEC = Total electric energy
consumption, kWh.

To perform the economic feasibility analysis of incandescent lamps
as compared to LED lamps, the calculation of net present value
(NPV) and discounted payback were used considering interest of
5% per year, taking into consideration the following information:

Aviary 1: Lifetime of incandescent lamps (1,000 h), the cost per
kWh, the initial cost of buying the bulbs and the cost of exchanging
all the bulbs when they reach the rate life (every 60 days).

Aviary 2: Lifetime of LED lamps (50,000 h), the cost per kwWh, the
initial cost of buying the bulbs and control panel and the cost of
exchanging all the bulbs when they reach the rate life (6th year).

RESULTS AND DISCUSSION

In this study, two aviaries type dark house with different
building systems were evaluated, in S&o Miguel do
Iguacu city, Parand, Brazil. With the data collected by the
equipment Landis Gyr+, it was possible to know the total

consumption of electricity in the two aviaries (Table 2).
The variation in the consumption between the aviaries
was considerably high. The aviary 2 showed consumption
difference of 8 times lower for aviary 1.

The lighting program was the same for both aviaries
using 4 to 12 days 100% of illumination, 13 to 20 days
80%, 21 to 30 days 60% and 31 days before slaughter
45% lighting. Comparing the consumption of aviary 1,
which was 0.0291 kWh/kg of broiler live (incandescent
lamps) with the aviary 2, the power consumption was
0.0030 kWh/kg live chicken (LED lamps); it may show
that the electricity consumption of aviary 2 was more
cost-effective (Table 2).

This is confirmed in the study of Rajaniemi and Ahokas
(2015) with the electricity consumption in lighting by using
84 fluorescent tube lamps of 36W, in an aviary of 1,600
m?2 in size and capacity of 28.000 housed broiler.
Rajaniemi and Ahokas (2015) obtained on average 606
kWh per lot or 0.013 kWh/kg of broiler live which makes
the aviary 2 with LED lamps even more energetically
attractive.

As shown in Figure 5, the highest consumption for the
two aviaries was in the beginning of the accommodation,
as from the second week, the lighting program begins.
According to Lépez et al. (2007), Nascimento (2011) and
Abreu and Abreu (2011) when the light program is
correctly applied, it is one of the factors that contribute to
the efficiency of the production lot.

In the first week, there was a sudden drop in
temperature reaching 7°C. As stated by Brunner et al.
(2010) and Pan (2015), incandescent lamps turn up
t095% of the energy used into heat, which is energetically
inefficient. As the aviary 1 is laterally closed with
polyethylene tarpaulins and this has many air intakes, it
hindered the room heating; however, benefited from this
inefficiency of incandescent lamps to assist in adjusting
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Figure 5. Eletric energy consumption (kWh) of the lighting system in the aviaries 1
and 2, during the six weeks of broiler housing.

Table 3. Electric energy consumption of the aviaries (kWh) working in the nocturne light program.

. Aviary 1 Aviary 2
Nocturne light % work Daytime Nocturne Daytime Nocturne
program hours "y why  (kwh)*  (kwh) (KWh)**
land 12 100% 288 287 206 36 26
13 and 20 80% 134,4 263 66 33 8
21 and 30 60% 129,6 247 164 31 21
31 and 43 45% 324 241 294 30 36
Maintenance* 100% 84 144 0 18 0
Total 960 1182 730 148 91

*Empty aviary for maintenance, 7 days a week with 12 h worked during regular hours. *NRR— nocturne

reduced rate.

Table 4. Energy electric cost in the aviaries 1 and 2.

Aviary 1 Aviary 2
Description Consumption RS Consumption RS
(kWh) (kWh)
Daytime rate consumption 1,182 R$404.31 148 R$54.08
Nocturne rate consumption 730 R$101.31 91 R$14.06
Energy eletric cost in 60 days R$505.62 R$68.14

the internal temperature. This generated a peak in
electricity consumption as shown in Figure 5.

To perform the economic feasibility analysis of
incandescent lamps in relation to the LED lamps, the
values collected were used, days of the light program and
its percentage and days in the aviaries were empty for
cleaning as shown in Table 3. To calculate the NPV, it
was considered the replacement of incandescent lamps

every 60 days and LED lamps every 6 years.

In Table 4, it is shown, the total electric energy
consumption and the cost of aviaries 1 and 2, considering
the values provided by the dealership tariff in regular
time, R$0.342030 and nocturne rural rate (NRR),
R$0.138808.

The information and annual total cost of the imple-
mentation of each light bulb model are shown in Table 5.
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Table 5. Total investment cost in relation to rate life.

Description

Rate life of lamps (hours)
Quantity (un.)

Cost per unit

Panel cost

Incandescent* LED**
1,000 50,000
66 99
R$2.00 R$39.60
R$0.00 R$1,644.60

*Incandescent lamp: 60 days until replacing; **LED lamp: 6 years until

replacing.

The calculation of net present value (NPV) and
discounted payback period were used, considering an
interest rate of 5% per year. The NPV lighting system
with incandescent lamps was R$19,260.09 and NPV
lighting system with LED lamps was R$7,620.76.
Therefore, by the NPV, it is concluded that the system
with LED lamps showed a lower investment cost. The
investment analysis of the discounted payback indicates
that the LED lamps system achieves a return on
investment in 21 months.

Conclusion

The results of this study showed that in the period of
June 18, 2015 to July 31, 2015, the aviary 1 consumed in
lighting system, equivalent of 1,768 kWh and aviary 2,
consumed 221 kWh. In financial terms, this LED lamps
system obtained a saving of R$437.48 and analysis
shows that an average of 6 lots per year can be achieved
with savings of R$2,624.00 yearly.

Through the NPV calculation, the aviary 2 showed
lower cost considering 72 months of investment and with
the calculation of the discounted payback, this initial
investment has its return in 21 months.

It is concluded that with the electricity consumption and
also the economic Vviability calculation (NPV and
discounted payback), the LED lighting system is an
efficient energy and economically viable as compared to
incandescent lighting system in this case.
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