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Abstract: The region of Bastos-SP is responsible for a large part of the Brazilian egg 
production. Many of its poultry farms produce bird feed by grinding corn and soybeans using 
electric engines which are often oversized. In order to analyze the use of such power, there are 
power (pf) and load (lf) factors that indicate its efficiency and rationality. This study aimed at 
developing mathematical models to evaluate a company’s power use through the volumes of 
solids. Such models are referred to as Load and Power Hyperboloids. It is an innovative 
methodology that has been in several studies on energy efficiency is always of great importance 
to estudados.O cases this goal was analyze these models, an egg-laying aviculture company 
(poultry farm) in Bastos-SP Brazil was evaluated no period de 3 anos. In this illustration, the 
load and power factors remained within limits [0.11, 0.21] and [0.69, 1]. For this company, the 
solid volume calculated with the proposed methodology was Vc = 77.6 u.c. Whereas the Total 
Useful Volume, representing the volume in the domain with limits over 1, was Vtu = 450.6 u.c., 
it was concluded that it is possible to improve power use by 83%, which can be achieved by 
applying the procedures herein proposed in order to increase pf and lf. 
 
Keywords: power factor, load factor, Load and Power Hyperboloid. 
 
Introduction 
  

Many authors have shown great care and worry with unnecessary power consumption, 
because this is a policies available for the reduction of carbon emission. Can also think that the 
gains in the efficiency of energy consumption results implies in effective reduction in the per 
unit price of energy services. So, has been given attention by policy makers to energy 
conservation. 

Ultimately energy efficiency and energy conservation within the electricity sector attempt 
to achieve the same outcome, namely reduced electricity consumption, however each mechan- 
ism attempts to achieve this in two separate, but interrelated, ways [5]. 

Thus, this work propose a mathematical tool in order to evaluate the energy consumption 
of a company that uses multiple machines, with the aim to detect if there is unnecessary energy 
consumption, assisting in decision making and reduce electricity costs. The proposed 
mathematical model was applied in egg-laying aviculture company (poultry farm) in Bastos-SP 
Brazil. 
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The region of Bastos-SP is responsible for a large part of the Brazilian egg production. 
The feed for chickens is produced by grinding corn and soybeans using electric engines, which 
are often oversized. This activity is responsible for a large part of the companies’ power 
expenditure. 

In order to evaluate the use of such power, there are power (pf) and load (lf) factors, 
which respectively indicate the efficiency and rationality of the way electric power is utilized. 
These factors are very useful and has been the subject of many research. Knowledge and 
management of these indices provides greater efficiency and safety facilities and equipment, 
while reducing the cost of electricity [10]. 

Some electric appliances, such as engines, in addition to consuming active power, also 
require reactive power, which is necessary to create the magnetic flow for proper functioning. 
Through the relation between these values, the mean power factor for a certain period is 
determined. Such factor is defined as the as the relation between active power and apparent or 
total power. It is the index that shows how much electric power is being transformed into other 
forms of energy. Power factor of the system should be equal or close to the unity. Low power 
factor means larger rating of equipment such as generators, transformers, etc. [1]. 

The literature reports the use of the load and power factor indexes in the determination of 
geometric models, as for instance [7], who evaluated the use of electric power in operations for 
vegetal oil refinement. This innovative and highly efficient methodology to study the energy 
efficiency of a company has already been used in various applications such as the analysis of the 
Rationalization of Energy Companies in provide Coffee and Analysis of consumption and 
electricity demand in agricultural implements company via hyperboloids of load and power.. 

This study aimed at developing geometric and differential mathematical models of the 
electric power consumption costs and demand for active and reactive power, referred to as Load 
and Power Hyperboloids, that can evaluate the efficiency and rationality of electric power use at 
an egg-laying aviculture company by using the volumes of solids. 
 
Material and methods 
 

In order to apply and illustrate the methodology proposed in the present study, the 
rationality and efficiency of electric power use by an aviculture company (poultry farm) located 
in the city of Bastos, SP, Brazil, was evaluated. The company’s main activity is egg-laying 
aviculture. 

Characterized as a large company, the poultry farm has approximately one million 
chickens that are sheltered in sheds during all phases, from the purchase of one-day-old chicks, 
going through the chicken phase until production and rebreeding. 

Through the analysis of monthly electricity bills for the years 2005 to 2007 of the 
company under study, data referring to electric power use and concerning active and reactive 
consumption, demand and power factors were obtained. 

The partial estimation of electric power cost is currently made by using data measured 
every 15 minutes and, by adding each part obtained in such measurements, the total monthly 
cost is obtained. The power factor and the load factor used by the electricity supplying company 
are obtained by estimating the arithmetic means at every 15-minute measurement interval. 

In this study, the monthly power factor was directly obtained from the descriptive report 
provided by the electricity supplying company whereas the monthly load factor was estimated 
through parameters that can also be found in the descriptive report. 

In order to estimate the load factor, the relation between the mean demand (kWh) and the 
maximum demand (kWh) measured during an established period of time was used and 
expressed as [3,6]: 

Demand Measured Maximum
DemandMean 

Factor Load =                   (1) 

or 
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Demand

Power Active

×
=

time
lf                            (2) 

 
For the company under study, its option for power billing using the green tariff was 

observed. Such tariff is to be used for clients with a demand lower than 500 kW, with inclusion 
in Sub-group A4 (characterized by the binomial tariff structure with supply voltage of 2.3 kV to 
25 kV). 

The main characteristic of the green tariff is the existence on a single power factor and of 
monthly loads for billing estimation. According to [4], the billing of electric power according to 
the green tariff is given by: 
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where p1 CT=a , opt2 CT=a , DT=b , p1 C=c , opt2 C=c  and: 

pC , optC  - active consumption at peak times and out of peak times, kWh; 

pCT , optCT  - consumption tariff at peak times and out of peak times, R$/kWh; 

DT  - demand tariff, R$/kW. 
 

The mean consumption (active, active at peak times and out of peak times) was defined 
as the arithmetic mean of consumption in the months in the study period. The hour-seasonal 
tariffs used in the formulas were obtained by weighed averages as follows: 

 

 
12

5.T7.T
T US +=          (4) 

 
Where T is the tariff used in the billing formulas (representing pCT , optCT  orDT ), DT  is the 

tariff in the dry season (7 months), and WT  is the tariff in the wet season (5 months). For these 

calculations, the values provided by the power supplying company (Table 1) for Sub-group A4 
were used. 

 
Table 1. Electric power supply tariffs for the month of April 2013[2], provided by the NET  

inter-connected system. 
GREEN HOUR-SEASONAL TARIFF 

SUB-GROUP 
DEMAND 
(R$/kW) 

CONSUMPTION (R$/MWh) 
PEAK OUT OF PEAK 

DRY WET DRY PEAK 
A3a 4.34 521.41 362,48 124.43 102.01 

A4 6.20 536.94 508,84 127.81 117.03 

 
With the electric power billing formula, it was possible to create regular parameterized 

surfaces and define them as Load and Power Hyperboloids. To that end, it was necessary to use 
concepts from differential geometry and from the local theory of [9]. 

For the evaluation concerning efficiency and rationality, volumes were determined from 
solids determined by the Load and Power Hyperboloid and regions in its domain determined 
with minimum (pf1) and maximum (pf2) power factor values in the period for the company’s 
analysis, as well as the minimum (lf1) and maximum (lf2) load factor values. These solids were 
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defined as Current Volume (Vc) and l Total Useful Volume (Vtu), and the expression 1 - 

TUVVc/  represents the possible improvement percent for power use that can be achieved by 

applying procedures for pf and lf increase. 
 

Results and discussion  

According witch equation (3), is possible make an function 3: ℜ→Uf  such that, 
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which rules a company’s electric billing according to the green tariff, is a regular 

parameterized surface [2], in which: 

{ }92.0,10,10:),( 2 ≠<<<<ℜ∈= xyxyxU ; 

pfx =  - power factor;  

lfy =  - load factor. 

By defining function 3
1: ℜ→Ug  as the similar formation law to that off by replacing 

domain 192.0 << x  for 192.0 ≤< x  and U for { }10,10:),( 2
1 ≤<≤<ℜ∈= yxyxU ; 

sub-set ( )1Ug  of 3ℜ is denominated as the V-Load and Power Hyperboloid. The reference to 
such Hyperboloid as “surface” is made only for the part in which function g is restricted to sub-

set U  (U ⊂  U1), and identification fg
U

= is considered.  

According to [8], the Current Volume ( CV ) is the volume of the solid (Figure 2) 

superiorly limited by the Load and Power V-Hyperboloid, inferiorly by plane F = 0 and laterally 
by planes x = pf1, x = pf2, y = lf1 and y = lf2. The Current Volume value is estimated by: 
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pf
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Figure 2. Solid limited by the Load and Power V-Hyperboloid, by plane 0=F  and 

laterally by planes x = pf1, x = pf2, y = lf1 and y = lf2. 
 
There are three cases to be considered in relation to the limiting values of the power 

factor: 
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The “Total Useful Volume (TUV )” is obtained in a similar fashion to that for the Current 

Volume, with upper limits by planes x andy , both equal to 1, that is: 

∫ ∫=
1 1

1 1
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pf lfA dydxyxfV                    (10) 

In this case, only two situations are considered in relation to the power factor values: 
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Table 1. Electric power supply tariffs for the month of April 2013[2], provided by the NET  
inter-connected system. 

GREEN HOUR-SEASONAL TARIFF 

SUB-GROUP 
DEMAND 
(R$/kW) 

CONSUMPTION (R$/MWh) 
PEAK OUT OF PEAK 

DRY WET DRY PEAK 
A3a 4.34 521.41 362,48 124.43 102.01 

A4 6.20 536.94 508,84 127.81 117.03 

 
Considering the studied company’s classification in Sub-group 4, from Table 1 and 

Equation 4, it was possible to determine the values considered for estimating the consumption 
tariff at peak times 0.5866CTp =  R$/kWh and out of peak times 0.11221CTopt =  R$/kWh as well 

as the demand tariff 6.20DT =  R$/kW. 
Since, it was possible to calculate the mean values for active consumption at peak times 

pC  = 54.34 and out of peak timesoptC = 15.27, the minimum power factor pf1 = 0.69 and 

maximum power factor pf2 =1.00, as well as those for the minimum load factor lf1 = 0.11 and 
maximum load factor lf2= 0.21. 

 
The need for change was observed at the end of the research, in order to improve the 

energy efficiency of engines. An alternative to increase this efficiency was the installation of 
capacitors in the system, which was done in the last year of the study provided good results in 
the use of electricity. The studies showed that the usable form of electricity must be performed 
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by implementing and studies on the replacement of existing engines. These procedures should 
aim at increasing the load factor; However, the power factor need not be improved, since its 
maximum value, 1, which is made possible with the installation of capacitors. 

 
The functions that rules the electric power billing in the company is given by (Equation 

5):  













≤<







+

≤<

















+

=
192.0  if,

90
1260,,

92.00  if,
90

1260
92.0

,,

),(

x
y

yx

x
yx

yx

yxf     (13) 

 
and the associated surface generates the Load and Power V-Hyperboloid for the egg-laying 
aviculture company under study (Figure 3). 

   
   (a)      (b)       
Figure 3. (a)Draft of the Load and Power V-Hyperboloid for the egg-laying aviculture company 
under study, (b) Contour map for the Load and Power V-Hyperboloid formed by its level curves. 

 
Given that 21 92.0 pfpf << , the Current Volume could be calculated by Equation 8 as 

follows: 
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Given that 92.01 <pf  by Equation 1, the Total Useful Volume is obtained as follows: 
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Given that %7,17/ =TUC VV , the Current (CV ) represents 17,7% of the Total Useful 

Area ( TUV ), that is, TUC VV %7,17= . Hence, for this egg-laying company, it is possible to 

reduce the electric power consumption bill and equivalent demand to 82,3% (1 – 17%) of the 
Total Useful Volume by the Load and Power V-Hyperboloid. 

 
Conclusions 
 

This study proposes mathematical models that can help with the evaluation of electric 
power use in companies through the solid volumes referred to as Load and Power Hyperboloids. 
It was observed that the methodology proposed has an innovative character, and that it is highly 
applicable in any company in the country, thus showing to be an efficient method for analyzing 
forms of electric power use. 
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