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ABSTRACT 

The increasing electricity consumption, inflated costs, and environmental restrictions 
drive the need for more efficient energy usage and the development of energy 
conservation programs. Many farms in Brazil produce their animal feed by crushing 
grains and cereals using electric motor-equipped devices. However, these motors are 
often oversized and operate during peak times, leading to increased production costs. This 
study aimed to mathematically model electricity billing under the green tariff (group A) 
for an egg production farm. The model incorporated mathematical equations based on 
selected electrical parameters such as load, power factors, energy demand, and active 
consumption. The Mathematica software was used to implement the proposed model. The 
farm provided the past twelve electricity bills, which were inputted into the software, 
generating three-dimensional surface graphics and contour maps. These visualizations 
revealed an inversely proportional relationship between bill prices and power/load factor 
indicators. This study concludes that the presented methodology can be employed by 
agribusiness companies to assess performance, explore alternatives, avoid potential fines, 
and optimize energy consumption. 

 
 
INTRODUCTION 

In Brazil, the electricity bill for large agro-
industries includes charges for demand and consumed 
energy. The demand charge is calculated based on the 
average active power consumed every 15 minutes during 
the billing period (nearly 30 days), using the highest 
average value as the billing demand in kilowatts (kW). The 
energy consumed in kilowatt-hours (kWh) is the sum of 
the active power consumed over the billing period (Park et 
al., 2017). 

The contract demand represents the required active 
power in kilowatts (kW) that the electricity provider must 
supply continuously to the customer's delivery point, as 
specified in the power purchase agreement. Regardless of 
whether the full contracted power is used or not, the 
customer must pay the bill in full. 

Electricity demand varies based on seasons and 
hours, with peak demand usually occurring in the late 
afternoon and early evening when electricity tariff prices are 
extremely high (Wang & Li, 2016). Reducing peak loads 
helps decrease costs with extra energy capacity and 
contributes to a decrease in power plants' operating costs and 
wholesale electricity prices (Nezamoddini & Wang, 2017).  

Research highlights the importance of energy studies 
in agribusiness companies. Many studies have examined 
conventional electricity generation and alternative sources 
such as that of Canossa et al. (2018). Studies of electricity 
in agribusiness have approached biomass production 
(Dadario et al., 2023, Dinnebier et al., 2021; Ribeiro et al., 
2020), farm electrification (Soofi et al., 2022), food and 
agribusiness enterprises (Khan et al., 2022; Rahman et al., 
2022), and energy consumption with agricultural growth 
(Raeeni et al., 2019). 
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Furthermore, some studies have proposed alternative 
sources of electricity such as renewable ones. These studies 
include several applications such as meteorological 
variables (Cunha et al., 2021a and Cunha et al. 2021b), 
photovoltaic systems (Gabriel Filho et al. 2012 and Gabriel 
Filho et al. 2016), wind power systems (Nazaré et al., 2020), 
and hybrid power systems (Seraphim et al., 2014). 

Agribusiness companies face multiple electricity 
consumption issues, including power oscillations 
throughout the day caused by simultaneous operation of 
machines leading to peak loads and idle periods. This results 
in high contract demands or fines for exceeding the agreed 
limit, and companies still encounter challenges when 
machines operate at full capacity during expensive peak 
hours (Regnier & Winters, 2013). Excessive consumption 
of reactive energy leads to fines for low Power Factor (𝑃𝐹). 
Furthermore, installing electric motors with higher power 
capacity than necessary, using outdated electric start 
systems, and initiating simultaneous starts of machines and 
equipment connected to electric motors contribute to 
consumption challenges. Additionally, machines and 
equipment starting at full load capacity exacerbate the 
issues faced by agribusiness companies. 

To address these challenges, it is important to 
research computer programs that monitor energy 
consumption, track indexes, and electrical magnitudes to 
promote conscious and efficient energy usage. In this sense, 
this study developed a mathematical model for electricity 
billing in a layer poultry farm using the green tariff type, 
considering load factor (𝐿𝐹) and power factor (𝑃𝐹) indexes. 
Three-dimensional surface graphs and contour maps were 
created to visualize lower billed amounts in cooler colors 
and higher bills in warmer colors, exploring possible 𝐿𝐹 and 
𝑃𝐹 combinations for more cost-effective bills. 
 
MATERIAL AND METHODS 

This study examined the electricity consumption 
efficiency of a layer poultry farm in Bastos, São Paulo State, 
Brazil. The farm manager provided 12 electricity bills 
spanning from August 2018 to July 2019 specifically for the 
sector known as the Egg Tray Industry. 

The farm consists of poultry houses catering to 
various growth stages, including chicks and laying hens 
from different strains (white or brown shelled eggs). These 
houses contain high-power machines responsible for tasks 
such as feeding the poultry. In particular, the machines are 
installed in the egg cleaning, vertical and horizontal 
conveyor belts, selection, packaging, and storage houses. 

The farm utilizes automated machines for egg 
collection, cleaning, and classification based on weight, as 
well as for packaging them into different types of packages. 
Additionally, the farm processes its own poultry feed, which 
maintains a nearly constant formulation with minor 
variations in components depending on the age of the 
poultry. The primary components of the feed include corn 
and soybeans. 

 

Electricity Billing 

The electricity bill for a Consumer Unit (CU) is 
calculated based on the highest power demand assessed 
every 15 minutes within the billing period, typically around 
30 days. This highest demand value, along with the 
consumed energy, contributes to the total bill. The bill 
comprises the highest value between the contract demand 
and the measured demand (in kW), while the consumed 
energy is the sum of the active power during the period (in 
kWh). Each item obtained from these calculations is 
summed to determine the monthly bill. 

To calculate the Load Factor (𝐿𝐹) values, which are 
not provided in the monthly bills but required for eqs (3) 
and (4), [eq. (1)] is used: 

𝐿𝐹 =
𝐴𝐸𝐸𝑚

𝑡. 𝐴𝐷𝑚
 (1)

Wherein: 

𝑡: the time interval in hours (h); 

𝐿𝐹: the load factor for a CU within the time interval "𝑡"; 

𝐴𝐸𝐸𝑚: the measured active electrical energy in kWh, 

𝐴𝐷𝑚: the measured active power demand in kW; and 
 

Average Power Factors (𝑃𝐹஺) are calculated monthly 
using [eq. (2)] to be inserted into eqs (3) and (4): 

𝑃𝐹஺ = 𝑃𝐹ோ

𝐴𝐸𝐸𝑚

𝐸ோா + 𝐴𝐸𝐸𝑚
 (2) 

Wherein: 

𝑃𝐹஺: the average PF for the CU calculated for the 
billing cycle; 

𝐴𝐸𝐸𝑚: the amount of measured active energy in 
kWh during the billing period; 

𝑃𝐹ோ: the Reference PF, standardized by utilities at 
92%, and 

𝐸ோா: the amount of active energy in kWh 
corresponding to the excess consumption of 
reactive energy. 

 
Green Hourly Tariff Billing 

There is a single green tariff for power demand 
(R$/kW) and two types of green tariffs for energy 
consumption: one for peak hours (R$/kWh) and another for 
off-peak hours (R$/kWh). 

The billing for the Consumer Unit (CU) is calculated 
based on the company's monthly Power Factor (PF) using 
eqs (3) and (4) as described below. 

For 0 < 𝑃𝐹 < 0.92: 
 

𝐵 =
0.92

𝑃𝐹௣
 ൬𝑇𝐶௣ +

𝑇𝐷

730 𝐿𝐹
൰ 𝐶௣ +

0.92

𝑃𝐹௢௣
൬𝑇𝐶௢௣ +

𝑇𝐷

730 𝐿𝐹
൰ 𝐶௢௣ (3)

For 0.92 ≤ 𝑃𝐹 ≤ 1: 

𝐵 = ൬𝑇𝐶௣ +
𝑇𝐷

730 𝐿𝐹
൰ 𝐶௣ + ൬𝑇𝐶௢௣ +

𝑇𝐷

730 𝐿𝐹
൰ 𝐶௢௣ (4)
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Wherein: 

𝐵: the amount, in reais (R$), of the total electricity 
billing for CU in the billing cycle; 

𝑃𝐹௣: the PF at peak hours; 

𝑃𝐹௢௣: the PF at off-peak hours; 

𝐿𝐹: load factor; 

𝐶௣: the consumption of active energy at peak hours 
(kWh) pertinent to the billing cycle; 

𝐶௢௣: the consumption of active energy at off-peak 
hours (kWh) pertinent to the billing cycle; 

𝑇𝐶௣: the tariff for consumption of active energy 
(R$/kWh) at peak hours; 

𝑇𝐶௢௣: the tariff for consumption of active energy 
(R$/kWh) at off-peak hours, and 

𝑇𝐷: the tariff for active demand per kilowatt-hour 
(R$/kWh). 

 
Mathematical Modeling for Billing 

We used Mathematica software to analyze electricity 
billing by creating three-dimensional surfaces and contour 
maps. Equations (3) and (4) were entered into the software to 
generate load and power hyperboloids. The graphs represent 
the monthly calculated 𝐿𝐹 and 𝑃𝐹 values at each point. 
 
RESULTS AND DISCUSSION 

Below we provide an overview of the primary 
characteristics obtained from the analysis of 12 electricity 
bills issued to an egg farm: 

 Classification: Rural class and Rural subclass, 
specifically categorized as Rural Agriculture; 

 Connection: three-phase; 

 Voltage: 11,400 Volts; 

 Tax exemption: ICMS (Service and Goods 
Circulation Tax); 

 Subgroup: A4; 

 Contract demand: 360 kW; 

 Tariff selection: green hourly tariff. 
 

The equations representing the tariff type chosen by 
the company were modified using the following 
substitutions: 𝑎ଵ = 𝑇𝐶௣, 𝑎ଶ = 𝑇𝐶௢௣, 𝑏 = 𝑇𝐷, 𝑐ଵ = 𝐶௣, and 

𝑐ଶ = 𝐶௢௣. By applying these substitutions, [eq. (5)] was 
derived to calculate the billing amount It is important to note 
that this formulation relies on the company's monthly Power 
Factor (𝑃𝐹) as described by Cremasco et al. (2010). 

𝑔(𝑥, 𝑦) =

⎩
⎨

⎧
0.92

𝑥
൬𝑎ଵ +

𝑏

730𝑦
൰ 𝑐ଵ +

0,92

𝑥
൬𝑎ଶ +

𝑏

730𝑦
൰ 𝑐ଶ, 𝑖𝑓 0 < 𝑥 < 0.92

൬𝑎ଵ +
𝑏

730𝑦
൰ 𝑐ଵ + ൬𝑎ଶ +

𝑏

730𝑦
൰ 𝑐ଶ, 𝑖𝑓 0.92 ≤ 𝑥 ≤ 1

 

(5) 

Subsequently, we gathered the main data from the 12 
electricity bills of the egg farm. We observed an additional 
fee for excessive consumption of reactive energy, solely in 
the month of March (𝑃𝐹 below 92%). By utilizing [eq. (2)], 
we determined that the 𝑃𝐹஺ for the farm during that period 
was 91%. 

In the remaining months, as there were no charges 
for exceeding the consumption of reactive energy, we 
assumed a default 𝑃𝐹 of 92% for the electricity bills. It is 
important to note that we were aware of the presence of 
capacitor banks employed to correct 𝑃𝐹. 

The tariff and consumption averages were calculated 
as follows: 

𝑎ଵ: 𝑇𝐶𝑎_𝑝𝑒𝑎𝑘 =  1.259407 

𝑎ଶ: 𝑇𝐶𝑎_𝑜𝑓𝑓_𝑝𝑒𝑎𝑘 =  0.280454 

𝑏: 𝑇𝐷𝑎 =  13.376944 

𝑐ଵ: 𝐶𝑎_𝑝𝑒𝑎𝑘 =  3556.5 

𝑐ଶ: 𝐶𝑎_𝑜𝑓𝑓_𝑝𝑒𝑎𝑘 =  112282 

Wherein: 

𝑥: 𝑃𝐹; 

𝑦: 𝐿𝐹, 

𝑔(𝑥, 𝑦): billing. 
 
Seeking to show an overview of all billing 

possibilities against the values of PF and LF, three-
dimensional surfaces and contour maps of the models 
presented here were established (FIGURE 1). Also, to 
encompass all 𝑃𝐹 and 𝐿𝐹 values measured in the months 
under study, we considered (FIGURE 2) a range between 
0.80 and 1 for the 𝑃𝐹 (0.80 ≤ 𝑃𝐹 ≤ 1), and between 0.40 
and 0.60 for the 𝐿𝐹 (0.80 ≤ 𝐿𝐹 ≤ 1). We used the 
following command lines in the Mathematica software for 
the generation of the graphics results: 

 
a1=1.259407; a2=0.280454; b=13.376944; c1=3556.5; c2=112282; 
g[x_,y_]:=(0.92/x)*(a1+b/(730*y))*c1+(0.92/x)*(a2+b/(730*y))*c2/; 0<x<=0.92 
g[x_,y_]:=(a1+b/(730*y))*c1+(a2+b/(730*y))*c2/; 0.92<x<=1 
 
Plot3D[g[x,y], {x,0,1}, {y,0,1}, PlotPoints->100, ColorFunction->"Rainbow", 
AxesLabel->{"PF","LF","B(R$)"}, LabelingSize->100, Mesh->10, PlotLegends -> 
BarLegend[Automatic, LegendMarkerSize->{20, 200}, LabelStyle->{FontSize -> 14}], 
ClippingStyle->None, BaseStyle->{FontSize->14}] 
 

ContourPlot[g[x,y], {x,0,1}, {y,0,1}, PlotPoints->100, ColorFunction->"Rainbow", 
Frame->False, Axes->True, AxesLabel->{"PF","LF"}, BaseStyle->{FontSize -> 20}, Mesh-
>10, PlotLegends->BarLegend[Automatic, LegendMarkerSize->{20, 200}], ClippingStyle-
>None] 
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Plot3D[g[x,y], {x,0.8,1}, {y,0.4,0.6}, PlotPoints->100, ColorFunction->"Rainbow", 
AxesLabel->{"PF","LF","B(R$)"}, LabelingSize->100, Mesh->5, PlotLegends-
>BarLegend[Automatic, LegendMarkerSize->{20, 200}, LabelStyle->{FontSize->14}], 
ClippingStyle->None, BaseStyle->{FontSize->14}] 
 

ContourPlot[g[x,y], {x,0.8,1}, {y,0.4,0.6}, PlotPoints->100, ColorFunction-
>"Rainbow", Frame->False, Axes->True, AxesLabel->{"PF","LF"}, BaseStyle->{FontSize -> 
20}, Mesh->10, PlotLegends->BarLegend[Automatic, LegendMarkerSize->{20, 200}], 
ClippingStyle->None] 

 

  

 

FIGURE 1. Surface and contour map of the Hyperboloid representing the billing index for values of 𝑷𝑭 and 𝑳𝑭 between 0 and 1. 
 

  

 

FIGURE 2. Surface and contour map of the Hyperboloid representing the billing index for the region encompassing all 𝑷𝑭 and 
𝑳𝑭 values measured in the months under study, i.e. (𝑷𝑭, 𝑳𝑭) ∈ [𝟎. 𝟖𝟎, 𝟏] × [𝟎. 𝟖𝟎, 𝟏]. 
 

In both graphical simulations (FIGURE 1 and 
FIGURE 2), by analyzing the colors and tones in the graphs, 
we can observe that cooler colors correspond to lower 
electricity bill amounts, while warmer colors indicate higher 
amounts. It is important to note that as the 𝑃𝐹 values 
approach one (1), the electricity bill amount decreases. 
Similarly, there is a decrease in the bill amount as the 𝐿𝐹 
values increase. Therefore, we can conclude that the 
electricity bill amount is inversely proportional to the power 
and load factor indexes. 

Based on the findings, two procedures can be 
implemented to achieve a reduction in the electricity bill 
amount. The first procedure involves the installation of 
properly calculated capacitive cells or capacitor banks 
within the company's electrical system, thereby maintaining 
𝑃𝐹 values between 92% and 100%. The second involves 
increasing the 𝐿𝐹 index towards a value close to one (1) by 
implementing specific measures. These measures include 
utilizing start ramps for electric motors, avoiding 

simultaneous start-up of machinery and electric motors, 
identifying, and adjusting the operation schedules of 
machines and equipment to align with periods of lower 
power demand, and rescheduling the operation of 
machinery and electric motors throughout the day to 
mitigate simultaneous operations. 

By implementing these procedures, the managers of 
the egg farm can effectively reduce the impact on monthly 
bills, exercise greater control over their demand contracts, 
and minimize excessive consumption of reactive energy 
within their production units. 
 
CONCLUSIONS 

The proposed mathematical modeling for analyzing 
electricity bills in agribusiness companies, using 
consumption indicators and bill simulations, offers valuable 
insights for technicians and managers to reduce their 
electricity expenses by improving the 𝐿𝐹 and 𝑃𝐹 indexes 
close to 1. 
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We generate three-dimensional surface graphs and 
contour maps based on data from an egg farm. The model 
allows us to calculate electricity billing considering both 
load and power factors, showing effectively the significance 
of corrective measures to excessive consumption of reactive 
energy, either independently or in conjunction with 
conscious operational practices for machinery and electric 
motors. Implementing such measures assists in reducing 
electricity costs while maintaining energy consumption. 

By utilizing the proposed mathematical modeling, 
farm managers can accurately assess and validate their 
electricity bills, minimizing the risk of incurring fines and 
penalties in the future. 
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