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Abstract: The region of Bastos-SP is responsible for a dangart of the Brazilian egg
production. Many of its poultry farms produce bfesed by grinding corn and soybeans using
electric engines which are often oversized. In ptdeanalyze the use of such power, there are
power (pf) and load (If) factors that indicate éfficiency and rationality. This study aimed at
developing mathematical models to evaluate a cogipgrower use through the volumes of
solids. Such models are referred to as Load anddPadyperboloids. It is an innovative
methodology that has been in several studies orggradficiency is always of great importance
to estudados.O cases this goal was analyze theselsn@n egg-laying aviculture company
(poultry farm) in Bastos-SP Brazil was evaluatedpeoiod de 3 anos. In this illustration, the
load and power factors remained within limits [0,0121] and [0.69, 1]. For this company, the
solid volume calculated with the proposed methagipvas Vc = 77.6 u.c. Whereas the Total
Useful Volume, representing the volume in the dométh limits over 1, was Vtu = 450.6 u.c.,
it was concluded that it is possible to improve powse by 83%, which can be achieved by
applying the procedures herein proposed in orddéntoease pf and If.
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Introduction

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

Ultimately energy efficiency and energy conservatidthin the electricity sector attempt
to achieve the same outcome, namely reduced elécttonsumption, however each mechan-
iIsm attempts to achieve this in two separate,riatielated, ways [5].

Thus, this work propose a mathematical tool in ptdesvaluate the energy consumption
of a company that uses multiple machines, withaiheto detect if there is unnecessary energy
consumption, assisting in decision making and redetectricity costs. The proposed
mathematical model was applied in egg-laying aticel company (poultry farm) in Bastos-SP
Brazil.
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The region of Bastos-SP is responsible for a lg@e of the Brazilian egg production.
The feed for chickens is produced by grinding camd soybeans using electric engines, which
are often oversized. This activity is responsilbe & large part of the companies’ power
expenditure.

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

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

The literature reports the use of the load and pdactor indexes in the determination of
geometric models, as for instance [7], who evalli#te use of electric power in operations for
vegetal oil refinementThis innovative and highly efficient methodology study the energy
efficiency of a company has already been usedriows applications such as the analysis of the
Rationalization of Energy Companies in provide @effand Analysis of consumption and
electricity demand in agricultural implements compaia hyperboloids of load and power..

This study aimed at developing geometric and difial mathematical models of the
electric power consumption costs and demand faveaand reactive power, referred to as Load
and Power Hyperboloids, that can evaluate theieffay and rationality of electric power use at
an egg-laying aviculture company by using the vaanof solids.

Material and methods

In order to apply and illustrate the methodologppmsed in the present study, the
rationality and efficiency of electric power use day aviculture company (poultry farm) located
in the city of Bastos, SP, Brazil, was evaluatede Tompany’'s main activity is egg-laying
aviculture.

Characterized as a large company, the poultry fham approximately one million
chickens that are sheltered in sheds during albgsarom the purchase of one-day-old chicks,
going through the chicken phase until production @breeding.

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

The partial estimation of electric power cost isrently made by using data measured
every 15 minutes and, by adding each part obtaimesdich measurements, the total monthly
cost is obtained. The power factor and the loatbfacsed by the electricity supplying company
are obtained by estimating the arithmetic meamvety 15-minute measurement interval.

In this study, the monthly power factor was dingabtained from the descriptive report
provided by the electricity supplying company whaesré¢he monthly load factor was estimated
through parameters that can also be found in tkerigitive report.

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

LoadFactor= MeanDemand 1)

Maximumr Measure Deman

or
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_ ActivePower

If =
timex Demand

(2)

For the company under study, its option for powiling using the green tariff was
observed. Such tariff is to be used for clienthwaitdemand lower than 500 kW, with inclusion
in Sub-group A4 (characterized by the binomialftatructure with supply voltage of 2.3 kV to
25 kV).

The main characteristic of the green tariff is ¢étvistence on a single power factor and of
monthly loads for billing estimation. According 4, the billing of electric power according to
the green tariff is given by:

092 b 092 b |
—a+ + a, + c,, If 0<pf<092
o (%- 730f]q' pf(:z 730f] 2 P

(al +%]C1 +(a2 +%)CZ, if 092< pf <1

wherea =CT, a, =CT,,, b=DT, ¢, =C,, ¢, =C,, and:

(3)

Cp, COpt - active consumption at peak times and out of pieads, kWh;
CT,, CT,, - consumption tariff at peak times and out of ptiaes, R$/kWh;

DT - demand tariff, R$/kW.

The mean consumption (active, active at peak tiamesout of peak times) was defined
as the arithmetic mean of consumption in the momthihe study period. The hour-seasonal
tariffs used in the formulas were obtained by wethaverages as follows:

_7.T,+5.T,
12

T (4)

Where T is the tariff used in the billing formul@epresentin@€T,, CT,, orDT), T, is the

tariff in the dry season (7 months), amg is the tariff in the wet season (5 months). Festh

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

Table 1. Electric power supply tariffs for the mowatf April 2013[2], provided by the NET
inter-connected system.
GREEN HOUR-SEASONAL TARIFF
DEMAND CONSUMPTION (R$/MWh)

SUB-GROUP PEAK OUT OF PEAK
(R$/kW) 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 ®ilsle to create regular parameterized
surfaces and define them as Load and Power HymedsolTo that end, it was necessary to use
concepts from differential geometry and from thealdheory of [9].

For the evaluation concerning efficiency and ratliy volumes were determined from
solids determined by the Load and Power Hyperbodwmid regions in its domain determined
with minimum @f;) and maximum f,) power factor values in the period for the company
analysis, as well as the minimuti,( and maximumlf,) load factor values. These solids were
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defined as Current Volumev¢) and | Total Useful VolumeMtu), and the expression 1 -
Vcl/V;, represents the possible improvement percent farepaise that can be achieved by
applying procedures fgf andlf increase.

Results and discussion

According witch equation (3), is possible make ancfionf :U — O° such that,

092 b 092 b .
[x,y, )’? (ai+730yjcl+ i (a2+730yj02], if 0<x<092

(x, y,(a1 +%)cl +(a2 +%}ch, if 092<x<1

which rules a company’'s electric billing accorditg the green tariff, is a regular
parameterized surface [2], in which:

U ={(xy)00?:0<x<1,0<y<1,x# 092:
x = pf - power factor;
y=If -load factor.

f(xy)= (5)

By defining functiorg:U, — [0° as the similar formation law to that bby replacing
domain 092<x<1 for 092<x<1 and U forU, ={(x,y)00?:0<x<1,0<y<1};

sub-se‘g(Ul) of 0%is denominated as the V-Load and Power HyperbolBie: reference to
such Hyperboloid as “surface” is made only for plaet in which functiorg is restricted to sub-
setU (U O Uy), and identificationg|U = f is considered.

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

superiorly limited by the Load and Power V-Hypedad| inferiorly by plane F = 0 and laterally
by planes = pfy, x = pf,, y = If; andy = If,. The Current Volume value is estimated by:

f, (If,
LV, = jp"f jlfl f (x,y) dydx (6)

Surface S

Figure 2. Solid limited by the Load and Power V-idgimoloid, by plané& =0 and
laterally by planes = pf, x = pf;, y = If; andy = If,.

There are three cases to be considered in rel&didhe limiting values of the power
factor:
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. _pf i, 092 b b
(i) If pf,<092, V, = - T((al +m};1 +(a2 + 730}/}2] dydx (7)
i
f, plf2 b
+I;92£ (( J 1 +(a2 ¥ 730yJC2dedX ®)
(i) If pf,> 092, P j'fz(( J J{a2 D jchdydx 9)
pfy JI 730y 730y

The “Total Useful Volume V)" is obtained in a similar fashion to that for tBarrent
Volume, with upper limits by planeg andy, both equal to 1, that is:

1 el
V, = j M f.  f(xy) dydx (10)

In this case, only two situations are consideregtiation to the power factor values:

092 1 092 b b
i) If pf, <092, +l a,+ c, |dydx+
() If pf; o= ], ([ 73Oyjcl [az 730yJ 2] y
b
IOQZIH (( 730yj (az ¥ 730yjcz]dydx (1)
(i) If pf,= 092 Vv, j j c,+| a LI dydx (12)
S P,y 730y ® 730y)”

Table 1. Electric power supply tariffs for the mowatf April 2013[2], provided by the NET
inter-connected system.
GREEN HOUR-SEASONAL TARIFF
DEMAND CONSUMPTION (R$/MWh)

SUB-GROUP PEAK OUT OF PEAK
(R$/kW) 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 classificationSumb-group 4, from Table 1 and
Equation 4, it was possible to determine the vat@ssidered for estimating the consumption
tariff at peak time<CT, = 0.5866 R$/kWh and out of peak timeg,,, = 0.11221R$/kWh as well

as the demand tariffT = 6.20 R$/KW.
Since, it was possible to calculate the mean vdimeactive consumption at peak times
C, = 54.34 and out of peak tim€g,= 15.27, the minimum power factqf, = 0.69 and

maximum power factopf, =1.00, as well as those for the minimum load fatfto= 0.11 and
maximum load factoif,= 0.21.

The need for change was observed at the end afesearch, in order to improve the
energy efficiency of engines. An alternative tore@ase this efficiency was the installation of
capacitors in the system, which was done in thieyear of the study provided good results in
the use of electricity. The studies showed thatuseble form of electricity must be performed
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by implementing and studies on the replacemeniistieg engines. These procedures should
aim at increasing the load factor; However, the g@ofactor need not be improved, since its
maximum value, 1, which is made possible with tisdllation of capacitors.

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

5):
(x,y 092(1260+%)D, if 0<x< 092
X
f(xy)= %0 y (13)
(X Y, 1260+—] if 092<x<1
y

and the associated surface generates the Load @mer R/-Hyperboloidfor the egg-laying
aviculture company under study (Figure 3).
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Figure 3. (a)Draft of the Load and Power V-Hypedifor the egg-laying aviculture company
under study, (b) Contour map for the Load and Padyperboloid formed by its level curves.

Given thatpf, < 092< pf,, the Current Volume could be calculated by Eque8Boas
follows:

= J,ogzj-ozl 092(1230_'_ 9_Ojdde+J- 10,2(1230_'_ g_onde: 85uc. (14)
y 092Jo011 y

0694J011

Given thatpf, < 092 by Equation 1, the Total Useful Volume is obtaimedollows:

o= [ 092(1260+9_0jdydx+ [ (1260+9—0ded><: 4805uc.  (19)
011 y 092J011 y

069

Given thatV, /V,;, = 17,/, the Current \.) represents 17,7% of the Total Useful
Area (Vy,), that is, V. =17,/%V;, . Hence, for this egg-laying company, it is possits

reduce the electric power consumption bill and eajent demand to 82,3% (1 — 17%) of the
Total Useful Volume by the Load and Power V-Hypédoimh

Conclusions

This study proposes mathematical models that cim wigh the evaluation of electric
power use in companies through the solid volumisned to as Load and Power Hyperboloids.
It was observed that the methodology proposed hasr@vative character, and that it is highly
applicable in any company in the country, thus shgwo be an efficient method for analyzing
forms of electric power use.
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