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Abstract

:

The article presents the results of the analysis of parameters describing electricity consumption in individual phases of the production cycle on a poultry farm. One full broiler rearing cycle on the farm was analyzed. Electrical parameters were tested during the broiler rearing process using a power quality analyzer with a measurement interval of 1 min. During the tests, the analyzer recorded the active and reactive power, phase and line voltage, power factor, and frequency. On the basis of collected data, original indicators describing electricity consumption per chicken wkA, wkQ, and per unit area wiA, wiQ were determined. The regression curves of active and reactive power consumption in particular stages of the cycle were also determined, and the minimum and maximum values of active and reactive power consumption were determined. The accomplished research can be used in planning electricity demand in energy-self-sufficient areas. The presented original indicators can be used to determine power demand on broiler farms, depending on the planned production volume or size of farm buildings.
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1. Introduction


Among the many groups of electricity consumers in Poland, one of the largest groups of consumers is farmers. The group of agricultural consumers includes both farms that raise animals and those that grow plants. Among agricultural producers engaged in animal husbandry, three main types of livestock can be distinguished: pigs, cattle, and poultry. Among poultry producers, chickens account for 90% of the world’s poultry meat production. Annually, 133 million tons of chicken meat are produced, which accounts for almost 40% of the world’s total meat production [1,2,3,4,5,6,7,8]. Each farm, depending on its business profile, has a different energy demand and energy load profile for both thermal and electrical energy. Knowledge of the energy profile of the consumer is needed, for example, in the process of selecting an appropriate renewable energy source that would allow the generation of electricity exactly when the consumer needs it or to determine the necessary connection power of the farm [9,10,11,12,13]. Article [1] indicates data on the volume of global poultry production and the connections between using the latest technologies and thorough livestock farming. A detailed analysis of Poles’ consumption of zoonotic products was conducted by Mazur-Włodarczyk and Gruszecka-Kosowska [2]. In paper [7], consumers’ preferences for choosing a poultry supplier in view of animals’ welfare were studied. An important fact in the choice of poultry meat is the use of antibiotics for their rearing. Article [8] presents the impact of antibiotic use on the welfare of chickens. The methodology for prioritizing and energy efficiency measures in the dairy industry were described by Marchi, Bettoni, and Zanoni [3]. In article [4], the authors pinpointed the necessary power of on-farm renewable electricity generation systems. The authors [5] presented the effects of cooling the system of the heat pump on growth performance, harmful gas emissions, and electricity consumption in a piggery. Studies on electricity consumption on a dairy farm are presented in [6,14], while the potential for using photovoltaic systems on dairy farms is presented in [13]. Similar studies on energy consumption in chicken broiler production for a modern or traditional farm were performed in Iran [9], and the results of an energy audit on a broiler farm were presented by Baxevanou, Fidaros, Bartzanas, and Kittas [10]. Work [11] determined the energy consumption per 1000 birds in broiler production. Works [12,15] present the ways and methodology of using measurements in research that helps interpret the usefulness of the collected data.



The research aimed to assess the periodic demand for active and reactive electricity in the broiler production process, in the context of including the farm in the input and the balance of active and reactive energy for use. Firstly, the type of farm in Poland with a meat-poultry production profile was selected to achieve energy balancing and compensation. Secondly, the demand for daily power and the periods of individual production parts on a poultry farm were measured. Thirdly, the daily and periodic profile of active and reactive energy in the examined farm was indicated and calculated based on the farm and the chicken.



The material is divided into several parts. Section 2 characterizes the basic requirements for poultry rearing in different stages of growth and the characteristic requirements of rearing conditions, which affect the energy consumption of the production. Section 3 presents the research methodology and proposes an original assessment of active and reactive energy consumption indicators. Section 4 details the characteristics of the examined poultry farm. Based on Section 5, measurement results were obtained from individual loads of power consumption in various stages of the breeding cycle, and the author’s indicators were calculated. Section 6 is dedicated to the analysis and evaluation of test results, and Section 7 provides the conclusions.




2. State of the Art


Many entries in the literature refer to the assessment of electricity requirements in animal husbandry, pigs, cattle, poultry, and eggs. Electrical equipment, which constitutes the operational systems in agricultural production, mainly includes lighting systems, ventilation systems, and livestock support systems, e.g., drinkers, milking machines, feeders, or room cleaning systems. As shown in [7,8,9,10,11], it is important to assess the size and nature of electricity consumption in broiler chicken production, taking into account its qualitative and quantitative parameters. The literature [12,15,16,17,18] provides a variety of parameters describing load changes, and the choice of appropriate coefficients describing these measurements depends on the needs and purpose of their use [14,17,18,19,20,21,22,23,24,25,26,27]. Paper [17] presents an econometric relationship between different modes of energy consumption using a mandarin farm as an example, and article [21] presents energy inputs in cherry production. Article [18] presents various methods of analyzing power quality, while [19] describes the requirements for measuring electricity according to European standards. Articles [22,24,25,27] present the standardization of measurement methods for determining electricity indicators and the proper selection of parameters. The development of quantitative indicators of on-farm energy consumption is presented in [20,23]. The estimation of electricity costs in a chicken broiler farm is presented in [26].



Characteristics of Chicken Broiler Breeding


The breeding of any animal is characterized by a different rearing technique and duration. For chicken broiler farms, one-day-old chicks are delivered to buildings without runs. In the buildings, bedding is changed before each new delivery of chicks—this prevents the transmission of diseases between batches. Animal husbandry is not only about proper housing and food, as it is significant to ensure appropriate environmental conditions [28,29,30,31,32,33,34,35,36]. Broiler rearing requires maintaining the right temperature in the building, providing an efficient ventilation system, and a suitable daily light program [1,37,38]. For the proper development of broilers, it is necessary to provide the required microclimate, tailored nutrition, and constant access to water [39,40]. When the chicks are introduced into the rearing room, the room temperature should be 24–25 °C. Under an additional heating source, it should be 34 °C to 35 °C, after which it must decrease gradually to reach a level of 30 °C on the seventh day of the chicks’ life. The broiler rearing cycle lasts an average of 35 to 42 days, depending on the method of producing meat chickens [15,41,42]. The rearing methods and their duration are shown in Table 1. On subsequent days, the minimum temperature, which does not affect the flock’s productivity, is 20 °C, and the maximum is 25 °C (Table 2).



The difference in temperature provision in the different stages of the rearing cycle (from 1SC to 3SC) is mainly due to the natural growth of the chickens; as in the initial stage of 1SC, under normal conditions, small chickens need a higher and stable temperature and constant light. In the remaining 2SC and 3SC stages, temperature fluctuations may be higher. In addition to providing adequate conditions for housing, it is necessary to stimulate chickens with light. The light cycle has a significant impact on broiler production. The length of the daylight determines the amount of feed consumed and the resting time of the animals, which significantly affects the weight gain of the birds. According to the requirements, the horizontal illuminance at the level of the bird’s eye should be at least 20 lx [43]. The color of the light used to illuminate the broiler room is also essential. Too bright light can cause cannibalism in birds, so the adaptation of yellow or red lighting should be avoided, and it is much more favorable to use cool white–blue lighting with a significant proportion of green. Depending on the day of broiler rearing, the required length of the light cycle varies. In the first week of rearing, 24 h lighting is used, then the daylight is gradually shortened to 16–18 h, and in the period from 36 to 49 days, a 23 h light cycle is used (Table 2). The light programs must comply with the current regulations [43]. In Poland, these regulations include The Law on Animal Protection and the Regulation of the Ministry of Agriculture and Rural Development of 15 February 2010. “Temporary reductions in lighting levels may be used as a result of a recommendation of the veterinarian and during the first week of settling into the broiler house and up to 3 days before the anticipated slaughter of chickens. Lighting should be adjusted to a 24 h rhythm with blackout periods lasting a total of >6 h, with at least one period of uninterrupted blackout for >4 h excluding blackout periods” [43]. Each rearing farm applies its own light program that meets the minimum conditions under current regulations.





3. Methodology


Measurement of the selected parameters of power quality and the amount of electricity consumed was carried out using the Sonel PQM 701 network analyzer. The measured values were obtained over a duration of 41 days, which can be called one cycle of broiler rearing. One 41-day poultry-rearing cycle can be divided into three stages of the production cycle. Each of the three production cycles, following the measurement results obtained, is characterized by a different profile of active and reactive power consumption, which is a direct result of the load on the internal electrical network, equipment consuming active power, and consuming and generating reactive power. A commercial facility for poultry rearing was analyzed. The floor area of the building was 2200 m2. When the measurements were obtained, the stocking density of chicks was 32,000. The article presents the research results of the analysis of selected parameters describing the consumption of electricity (active and reactive) at different stages of the production cycle (1SC, 2SC, 3SC).



One complete cycle of rearing chicken broilers on the farm, lasting 41 days, was analyzed, as well as the duration of periodic activities (e.g., feeding, watering, air exchange) performed between successive batches of poultry. Measurement studies of selected electrical parameters during the broiler rearing process were carried out using a Sonel PQM 701 power quality analyzer. The analyzer was connected to the main switchboard of the building and recorded the values of selected parameters with an interval of 1 min. Performing the tests, the analyzer recorded active and reactive power, phase and line voltage, power factor, and frequency. The discussed values were recorded following EN 50160: 2010. Active power, P, according to the implemented formulas in the Sonel PQM 701 analyzer, is described by the relation [44,45]:


  P =   ∑  n = 0  N    U n   I n  cos  (   φ   U n    −  φ   I n     )    .  



(1)







Almost identically, the recorded reactive power has been described [44,45]:


  Q =   ∑  n = 0  N    U n   I n  sin  (   φ   U n    −  φ   I n     )    .  



(2)







According to the obtained information, presented above, measurements were averaged every 1 min. In addition, in order to be able to more easily and accurately observe the variation in the nature of the active power and reactive power load, 10 min and 120 min averaging was performed, which can be written using the relationship:




	
averaged active power,    P  avr    :










   P  avr   =    E A   T  =  1 T     ∫ 0 T   P  ( t )  d t    ,  



(3)




where    E A   —value of active electricity, and T—averaging period is equal to 15 or 120 min.



Active electricity is the integral of active power over the period under study, namely:


   E A  =    ∫ 0 T   P  ( t )  d t    ;  



(4)







	
averaged reactive power,    Q  avr    :








   Q  avr   =    E Q   T  =  1 T     ∫ 0 T   Q  ( t )  d t    ,  



(5)




where    E Q   —value of reactive electricity.



Reactive electricity also has its representation in the form of an integral, i.e.,


   E Q  =    ∫ 0 T   Q  ( t )  d t    .  



(6)







Such averaging was aimed at eliminating aberrations caused by random increases or decreases in consumed active and reactive power resulting from resulting voltage increases (e.g., switching surges, withdrawal of a consumer with a relatively high unit power) or voltage decreases (e.g., short circuits, switching on the consumer(s)).



Based on the collected data, the authors’ original indices describing the consumption of active electricity per chicken were determined, wkA:


   w  kA   =    E A   k  ,  



(7)




where k—quantity of poultry in pieces.



Reactive electricity, wkQ, also on a per-chicken basis:


   w  kQ   =    E Q   k  .  



(8)







The author’s original indicators of active and reactive electricity consumption are wiA, wiQ:




	
active electricity consumption indicators per unit area,    w  iA    :










   w  iA   =    E A   p  ,  



(9)




where p—area in square meters;



	
reactive electricity consumption indicators per unit area,    w  iQ    :








    w  iQ   =    E Q   p  .   



(10)







In addition, the minimum and maximum values of consumed active and reactive power, resulting from the recorded measurement values, were determined.




4. Characteristic of Chicken Broiler Breeding


The farm under study is located in the northeastern part of Poland, in Podlaskie Voivodeship. The average annual temperature in the study area is 7 °C, with the lowest temperature reaching −20 °C and the highest temperature over 30 °C. The poultry house has an area of 2200 square meters and is rectangular in shape, and beside it, there are utility rooms. The front wall of the building faces northwest. One side of the gabled roof faces southwest. The view of the building is shown in Figure 1. The farm, during one cycle, has a stocking rate of 32,000 chicks. Next to the building are feed silos connected to an automated feed dosing system. Owing to the automated feeding and watering system, the farm is almost maintenance free. The farm is equipped with a remote monitoring system, allowing constant control of the flock. In addition, the facility is also equipped with heaters and an automatic ventilation system to ensure proper conditions for keeping broilers. Ensuring proper temperature and ventilation has an essential impact on the right growth of broilers. Thanks to the automatic control system, programmed appropriately for the following days of the cycle, there is no need to set the climate parameters in the poultry house manually. The control system also makes it possible to check the amount of water and feed used per day. In addition to the basic power system, the farm has a generator and an automatic reserve switching system that allows for quick power switching in case of a power outage from the grid. Even a temporary power outage can cause high mortality of broilers, especially in the early days of rearing and, thus, cause huge losses for the farm. The main electricity loads situated on the farm, their number, unit, and total power are shown in Table 3.




5. Results of the Performed Research


Figure 2 shows the chart of the three-phase active power of the load (sum of power in each phase) during the broiler rearing cycle. Noticeable are the three stages of the cycle duration. The initial stage (1CS) lasted 6 days, the second stage (2CS) lasted 25 days, and the third stage (3CS) lasted 10 days. In the 1CS, the load chart does not have significant drops, which may be due to the continuity of lighting and the constant heating of the building. In the next stage (2CS), a significant decrease in power is noticeable, which may be a consequence of the shortening of the light cycle. In the last stage (3CS), an increase in power is noticeable, which may be caused by an increase in chick weight and the necessity for increased ventilation. Feed and water consumption also increases, making the feeding and watering system work more frequently. The increase in weight is also associated with an increase in the gases produced, which must be removed from the room, and clean air must be available. The arithmetic average of active power during the entire cycle was 5047 watts, the smallest value of power consumed was 131.26 watts, and the highest was 18,264 watts. The analysis shows that the median—the middle value of the measurements—was 4878 W. The value of the mean deviation for the entire cycle was 2000 W.



To assess the uniformity of the facility’s load, each stage of the cycle must be analyzed in detail. Detailed charts of three-phase active and three-phase reactive power are shown for cycle stage 1 (Figure 3 and Figure 4), cycle stage 2 (Figure 5 and Figure 6), and cycle stage 3 (Figure 7 and Figure 8), respectively. The graphs also show charts averaged over 15 and 120 min intervals.



One representative day in each cycle’s stage was selected for detailed analysis. The graphs (Figure 3, Figure 4, Figure 5, Figure 6, Figure 7 and Figure 8) show the changes caused by the total switching off of lighting to regulate the daily light cycle. Figure 9 shows the value of three-phase active power on a representative day of cycle stage 1 (11 April), Figure 10 shows the value of three-phase active power on a representative day of cycle stage 2 (18 April), Figure 11 shows the value of three-phase active power on a representative day of cycle stage 3 (15 May). Accordingly, Figure 12, Figure 13 and Figure 14 show the values of three-phase reactive power on the represented days. Table 4 summarizes the most important parameters describing the electrical parameters of the representative days of each stage of the cycle.




6. Analysis and Discussion about Results


From the study, it can be seen that each cycle stage differs significantly in profile and total active energy consumed. The first stage of the cycle consumed 300 kWh, the second stage consumed 2609 kWh, and the third stage consumed 1869 kWh. A significant difference in the reactive energy consumption profile is also noticeable. The lowest consumption occurred in 1SC and the highest in 2SC (Table 4). The difference in the amount of reactive energy consumed is due to the variable lengths of the cycle phases and, most importantly, the different light programs during each cycle.



Analyzing the graphs shown in Figure 3 and Figure 4, it can be seen that, during 1SC, the highest active power consumption was 8.48 kW, the lowest was 1836 kW, the maximum reactive power consumption was 8817 kvar, and the minimum was 2230 kvar. The average values of active and reactive power in 1SC were 3614 kW and 4312 kvar, respectively. Figure 5 and Figure 6 show a graph of active and reactive power values in 2SC. The graphs show that the maximum active power consumed was 4348 kW, and the peak value of reactive power was 13,569 kvar. The minimum active power consumption was 0.284 kW, and reactive power was −0.050 kvar. During the 2SC, the average active power load was 4348 kW, and reactive power was 4125 kvar. However, it is crucial to remember here the different natures of reactive power: inductive or capacitive. The course of active and reactive power during the 3SC is shown in Figure 7 and Figure 8. During this stage, the maximum active power consumed was 17,452 kW, and the peak value of reactive power was 13,084 kvar, while the minimum consumption was 1492 kW and 0.708 kvar, respectively. On average, active power consumption was 4348 kW and 5659 kvar (Table 5). During the entire rearing of broilers (1SC, 2SC, 3SC), the average active power consumption was 4103 kW.



Based on the measured values and using the relationships presented in Section 3, ratios describing the consumption of active electricity, wiA, and reactive electricity, wiQ, per unit area were calculated. In addition, indicators for the consumption of active electricity, wkA, and reactive electricity, wkQ, per chicken broiler were also calculated. The results of calculating the individual indicators are shown in Table 6. In the first stage of the cycle, the active electricity consumption per unit area was wiA = 0.137 kWh/m2. The consumption of the same energy per unit was wkA = 0.009 kWh/k. In the second stage of the cycle, the highest consumption of active electricity can be observed throughout the cycle, making the unit consumption per unit area and per chicken the highest at wiA = 1.186 kWh/m2 and wkA = 0.082 kWh/k, respectively. In the third stage of the cycle, active electricity consumption was wiA = 0.850 kWh/m2 and wkA = 0.058 kWh/k. In analyzing the electricity consumption, this time reactive power, it is necessary to look at power factors (Table 4). Both the power factor   tg φ  , used by electric utilities, and the power factor   cos φ  , used in science and measurement, indicate that each cycle stage is loaded with a significant value of reactive power. It should also be noted that, in the first stage of the cycle, 1SC (the values in Table 4, Table 5, Table 6, Table 7 and Table 8) presents a higher value of energy, power, or consumption rates related to the reactive side. The reason for this is the need to use equipment that does not operate at its rated power. The lack of operation within the rated power contributes to a decrease in the value of the power factor,   cos φ  , which, when converted, increases the value of the power factor,   tg φ  . If the value of the power factor   tg φ   exceeds the value of 0.4, for inductive reactive power, then, according to the Energy Law in Poland [46] and in most European Union countries [47], reactive power compensation must be performed. It should also be mentioned that individual customers and customers whose connection power is less than 40 kW do not, for the time being, have the need to reduce the power factor   tg φ   to a value below 0.4. These days, most European countries are facing an energy crisis, so from the point of view of power utilities, the ideal solution would be to charge all customers for excessive consumption of inductive reactive energy. A great solution to reduce the amount of inductive reactive energy could be a photovoltaic installation. Knowing the values of active power and reactive power in the various stages of the broiler rearing cycle, it is possible to control the photovoltaic installation to level the amount of inductive reactive energy by introducing capacitive reactive energy into the internal network. This can be achieved by lowering the power factor   cos φ   on the inverter controlling the PV plant. The downside of such a solution is the limitation in the generation of active energy since the PV plant does not operate with a unit power factor.



The authors calculated the active wiA and reactive wiQ consumption rates per unit area and active wkA and reactive wkQ consumption rates per 1 unit, which allow a quick estimate of the necessary power ordered from the electricity supplier. However, it should be borne in mind that, due to the rapidly developing technology (electronic and power electronic devices) increasingly resulting in a reduction in the nominal power of individual consumers, there may be a situation in which the indicators calculated in the publication will be overestimated. Therefore, the load profile of a given facility should be measured over the years, especially when the equipment is replaced with a newer one. This will make it possible to estimate the indicators over the years; based on which, it will be possible to observe jumps in the technology used in poultry houses and contribute to energy efficiency.



According to publication [9], the total energy demand for broiler production in modern farms is 52.44 kWh per broiler per year, taking into account the entire production process. Publication [26] refers to the demand for electricity only, obtaining a range of consumption from 0.131 to 0.189 kWh per broiler. The indicators calculated based on our research confirm the demand for electricity in the production cycle at the level of 0.149 kWh/broiler and 0.132 kvarh/broiler. Publication [10] presents electricity consumption in farms located in the lowlands and the mountains per unit of weight in kg of poultry and per unit of area m2. According to the presented results, electricity consumption in all surveyed households amounted to 0.1 kWh/kg and 19.54 kWh/m2.




7. Conclusions


The research showed that, depending on the ongoing stage of the broiler rearing cycle, the demand for active and, unfortunately, also reactive electricity changes. The field studies conducted and calculations made it possible to identify daily load curves on representative days of the cycle. Knowledge of the variability of load over time and the number and type of devices used can provide a basis for designing electrical installations, installing renewable energy sources, or selecting the appropriate tariff with the electricity supplier. The obtained measurements and performed calculations can be applied in planning electricity demand in energy-self-sufficient areas. The indicators presented by the authors can be applied in determining the power demand on broiler farms depending on the planned production volume, the size of farm buildings, or the technology used. This prevents oversizing of the power demand, which can reduce connection power charges.



Based on the conducted preliminary studies of an example poultry farm in Poland, which is planned as one of the partners in the energy community, it appears that for a comprehensive assessment of the possibility of modeling such an energy structure, it will be necessary to develop mathematical models of the work of individual farms. In the future, it will be indispensable to deepen the analysis of energy profiles of other poultry farms, try to systematize the demand for active and reactive energy, and assess the possibility of reactive power compensation, especially with the use of RES as an element of energy cooperatives. Therefore, further research will focus on modeling and managing the energy balance in such communities, as required by national and EU regulations.
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Figure 1. View of the surveyed poultry house. 
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Figure 2. Three-phase active power consumed during the cycle. 
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Figure 3. Three-phase active power value as a function of time in the 1st stage of the cycle. 
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Figure 4. Three-phase reactive power as a function of time in the 1st stage of the cycle. 
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Figure 5. Three-phase active power as a function of time in the 2nd stage of the cycle. 






Figure 5. Three-phase active power as a function of time in the 2nd stage of the cycle.



[image: Energies 16 00547 g005]







[image: Energies 16 00547 g006 550] 





Figure 6. Three-phase reactive power as a function of time in the 2nd stage of the cycle. 
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Figure 7. Three-phase active power as a function of time in the 3rd stage of the cycle. 
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Figure 8. Three-phase reactive power as a function of time in the 3rd stage of the cycle. 
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Figure 9. Three-phase active power as a function of time on a representative day of the 1st stage. 
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Figure 10. Three-phase active power as a function of time on a representative day of the 2nd stage. 
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Figure 11. Three-phase active power as a function of time on a representative day of the 3rd stage. 
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Figure 12. Three-phase reactive power as a function of time on a representative day of the 1st stage. 
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Figure 13. Three-phase reactive power as a function of time on a representative day of the 2nd stage. 
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Figure 14. Three-phase reactive power as a function of time on a representative day of the 3rd stage. 
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Table 1. Methods of producing meat chickens.
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	Production Method
	Objective





	1
	2



	Short rearing
	Up to 32 days of age, rearing broiler chickens of both sexes with a body weight of about 1500 g.



	Medium–long rearing
	Up to 40–44 days, rearing chickens with a body weight of 2100–2300 g.



	Split rearing
	At 32–42 days of rearing, 20–30% of chickens are destined for slaughter, the rest are kept until 45 days of age.



	Reared to a certain weight
	Up to 36–39 days, with a weight of 1850 g.
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Table 2. Summary of basic parameters required for each stage of the cycle.
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Cycle Stage

	
Temperature

	
Light Cycle

	
Illumination Intensity




	
[°C]

	
[h]

	
[lx]






	
1CS

	
24−25

	
24

	
20




	
2CS

	
20–25

	
16–18




	
3CS

	
20–25

	
23
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Table 3. Main receivers in the surveyed household.
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	Type of Load
	Number
	Unit Power
	Total Power





	
	
	kW
	kW



	Fan
	9
	1.1
	9.90



	Heater
	4
	0.45
	1.80



	Fluorescent lamp
	56
	0.036
	2.02



	Feeding and watering system
	1
	1.1
	1.10



	Water pump
	1
	3
	3.00



	Total
	
	
	17.82
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Table 4. Electricity consumption in successive stages of the cycle.
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Energy Consumption




	
Energy

	
     E A     

	
     E Q     

	
tgφ

	
cosφ




	

	
[kWh]

	
[kvarh]

	
[−]

	
[−]






	
1CS

	
300.34

	
358.41

	
1.193

	
0.642




	
2CS

	
2609.10

	
2475.33

	
0.949

	
0.725




	
3CS

	
1869.48

	
1410.53

	
0.755

	
0.798
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Table 5. Average, minimum, and maximum loads of active and reactive power in each stage of the cycle.
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Load




	
P

	
Q




	
Pavr

	
Pmin

	
Pmax

	
Qavr

	
Qmin

	
Qmax




	
[kW]

	
[kW]

	
[kW]

	
[kvar]

	
[kvar]

	
[kvar]






	
1CS

	
3.614

	
1.836

	
8.480

	
4.312

	
2.230

	
8.817




	
2CS

	
4.348

	
0.284

	
18.264

	
4.125

	
−0.050

	
13.569




	
3CS

	
4.348

	
1.492

	
17.452

	
5.659

	
0.708

	
13.084
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Table 6. Electricity consumption in each stage of the cycle per unit area and per chicken.
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Unit Consumption per Unit Area

	
Unit Consumption per Chicken




	

	
     w  i A      

	
     w  i Q      

	

	
     w  k A      

	
     w  k Q      




	
[kWh/m²]

	
[kvarh/m²]

	
[kWh/k]

	
[kvarh/k]






	
1CS

	
0.137

	
0.163

	
1FC

	
0.009

	
0.011




	
2CS

	
1.186

	
1.125

	
2FC

	
0.082

	
0.077




	
3CS

	
0.850

	
0.641

	
3FC

	
0.058

	
0.044
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Table 7. Average, minimum, and maximum load of active and reactive power per unit area.
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Unit Load per Unit Area




	

	
P

	
Q




	
Pavr/p

	
Pmin/p

	
Pmax/p

	
Qavr/p

	
Qmin/p

	
Qmax/p




	
[W/m²]

	
[W/m²]

	
[W/m²]

	
[var/m²]

	
[var/m²]

	
[var/m²]






	
1CS

	
1.643

	
0.835

	
3.855

	
1.960

	
1.014

	
4.008




	
2CS

	
1.976

	
0.129

	
8.302

	
1.875

	
−0.023

	
6.168




	
3CS

	
1.976

	
0.678

	
7.933

	
2.572

	
0.322

	
5.947
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Table 8. Average, minimum, and maximum load of active and reactive power per chicken.
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Unit Load per Chicken




	

	
P

	
Q




	
Pavr/k

	
Pmin/k

	
Pmax/k

	
Qavr/k

	
Qmin/k

	
Qmax/k




	
[W/m²]

	
[W/m²]

	
[W/m²]

	
[var/m²]

	
[var/m²]

	
[var/m²]






	
1CS

	
0.113

	
0.057

	
0.265

	
0.135

	
0.070

	
0.276




	
2CS

	
0.136

	
0.009

	
0.571

	
0.129

	
−0.002

	
0.424




	
3CS

	
0.136

	
0.047

	
0.545

	
0.177

	
0.022

	
0.409
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