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Analysis and Machine Learning
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Absiract-The analyzes carried out by artificial intelligence must
start from a complete and integrated data structure, which is
classified and grouped with the intention of synergistically
producing mental and predictive captures. In this perspective,
the objective of this study is to analyze the possibility of
contribution of artificial intelligence in guiding decision-making
in the public planning of sustainable electrical matrices. The
methodological procedures of this investigation, built a
structure of analysis of electricity sources, based on the
economic, social, environmental and technological
dimensions; as well as a sectoral analysis structure of energy
sustainability indicators, supported by linear correlations of an
economic, social, environmental and political nature. The
planning of electrical matrices, according to the inferences of
this investigation, can use artificial intelligence as a strategic
guide for decisions, as long as they are based on analysis
structures focused on the strategic use of electricity sources
and the use of sectoral and multidimensional indicators. This
investigation constitutes an original contribution insofar as it
discusses the possibilities of connections between artificial
intelligence and the construction of electrical matrices, from
the perspective of improving the decision-making process in
Brazilian public planning. The discussion about these
connections helps to raise subsidies for machine learning to
process and develop methodologies, based on algorithms,
that automate the construction of decision analysis models in
the planning and sustainable construction of the use of
electricity.

Keywords: planning; sustainability; electricity.

L. [NTRODUCTION

tudies on A.l. emerged in the 1950s, through
scientists Herbert Simon and Allen Newell, who

created the first artificial intelligence laboratory at
Camnegie Mellon University (Santos, 2021). The
advances in Artificial Intelligence (A.l) bring important
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reflections on how this field of knowledge will affect
human routine. The Web Summit 2018, one of the
largest technology and innovation conferences in the
world, points to a solid and irreversible path towards
this technology. The Al branch seeks, through
computational symbols, to elaborate mechanisms that
simulate the human capacity to be intelligent, which
already demonstrates effects in several areas of
knowledge; the advances of these studies represent
improvements in the application of available resources
to the extent that they can strategically guide the
decision-making process in organizations (Colson,
2019; Santos, 2021).

In view of this panorama, there is a hope that
Al it could also help public planning in the electricity
sector, insofar as it could support public managers to
design more sustainable electrical systems through the
optimization of resources, help motivate individual or
organizational consumption patterns. It is envisaged that
this possibility of contribution is based on the use of
analytical models capable of accurately examining the
ideal combinations of the use of energy sources in
alignment with the specificities of each region and
effectively favoring the improvement of the standard of
living of the populations. Energy generation sources
have advantages and disadvantages that need to be
precisely identified and examined from the normative
framework of sustainable development.

The energy issue becomes increasingly
important in the planning agenda of both developed and
emerging countries (Campos et al., 2017). In this
perspective, the process of economic expansion of a
country is linked to an increase in the supply of energy
generated by investments applied in the electricity
sector and, therefore, increased consumption (Reis et
al. 2012; Narayan et al, 2017). The role of electricity
through the electricity sector is of fundamental
importance within a nation, as it moves all sectors of
economic activity within society (Saidi et al., 2017). In
view of this, this input has been treated as a good of a
strategic nature that involves economic, social,
environmental, political and technological dimensions
(EIA, 2018).

The conditions of availability of electric energy
in quantity, quality and costs determine the ability of
societies to ensure a certain standard of living through
targeted investments, hence the peremptory need to
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improve the decision-making process along with the
construction of electrical matrices, through of machine
learning. Machine leaming, a branch of Al, is a
methodology for examining information that automates
the creation of analysis models, supported by the idea
that systems can learn from data and identify patterns
(Colson, 2019; Desordi & Bona, 2020). In reality, it is
human beings who make decisions, systems only add
value to information by transforming it into knowledge
that may or may not be used by managers. Thus,
decision-making in environments with multiple uncertain
and imprecise information, and the extraction of
knowledge from varied and complex databases for the
benefit of society, could have its risks severely reduced.
In this context, this article asks: how can machine
learning guide the public management of electricity in
Brazil in a sustainable way? The implementation of A.l. in
public planning of energy matrices is an inexorable step
for governmental organizations in the Brazilian electricity

sector to transform their processes, prioritizing
effectiveness and transparency.
Desordi and Bona (2020), developed

investigations that analyzed how the use of A.l. can
contribute to the realization of the principle of efficiency
in Public Administration. Figueiredo and Cabral (2020),
especially investigated the insertion of Al in the
activities carried out by the Public Administration,
observing the principles of good administration and the
implementation of fundamental rights. Research carried
out by Marques (2020) developed an approach focused
on the limits and possibilities of using artificial
intelligence in the context of public administration.
Araujo et al. (2020) carried out an investigation that
particularly addressed the impact of administrative
decisions made based on algorithms from large
databases in the scope of Public Administration. But it
was through Valle's investigations (2020), that several
conceptualizations on artificial intelligence modeling,
especially machine learning, and the functions it can
play in public organizations became available.

What is known about the subject is that Al can
strategically contribute to the field of Public
Administration (Colson, 2019; Desordi & Bona, 2020;
Marques, 2020; Araujo et al., 2020 & Valle, 2020). What
is not known is how Al can contribute to the public
planning of sustainable electricity matrices, in order to
consider the potential and borderline specificities of
the sources used, as well as, in order to consider
significant  relationships  between electric  energy
variables and development variables, without neglecting
the interactionist sociological aspects. The notion of
intelligence used ignores the fact central to interactionist
sociology that there is interaction with other human
beings in social contexts (Dreyfus & Dreyfus, 1986). This
article fits into this context insofar as it seeks to meet
these demands through an analysis of the possibility of
artificial intelligence contributing to guiding decision-
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making in public planning of sustainable electricity
matrices, in order to consider the specificities of sources
of electricity generation, the strategic relationships
between energy and development and the interactionist
contribution of sociology.

The study brings as learning a contribution in a
practical scope, by providing opportunities for a debate
that seeks to discuss possibilities of connections
between artificial intelligence and the construction of
electrical matrices, from the perspective of improving
the decision-making process in Brazilian public
planning. Specifically, the investigation facilitates this
debate through the elaboration of structures for the
analysis of electricity sources, based on economic,
social, environmental and technological dimensions; as
well as, through a structure of sectoral analysis of
energy sustainability indicators, supported by linear
correlations of economic, social, environmental and
political nature. This discussion is relevant insofar as the
preliminary elaboration of these multiple structures of
dimensional analysis comprises a condition for the
precise survey of subsidies for machine learning to
process and elaborate methodologies, based on
algorithms, that automate the construction of decision-
making models in public energy management in Brazil.

[1. METHODOLOGICAL STRATEGY

This investigation is categorized in terms of
ends and means, according to Vergara's grouping
(2016). As for the purposes, it is considered exploratory,
insofar as it involves a survey of subsidies that propose
to analyze realities that stimulate the understanding of
the connections between A.l. and the planning of
sustainable electrical matrices. And as for its means, it is
considered bibliographic and documental, insofar as it
uses a survey of materials and documents from bodies
linked to the Brazilian electricity sector.

The methodology was strategically divided into
three tasks: data collection, data organization and data
analysis.

a) Data Collection Procedure

Initially, it is highlighted that the variables used
in the construction of the indicators were: amount of
electricity consumed; Gross Domestic Product; amount
invested in electricity; average electricity tariff; average
income of the worker; number of jobs generated; energy
efficiency and amount of polluting gas emissions. The
period of data collection with the variables was between
2008 and 2018. The spatial collection of this data was
the State of Para, chosen for its characteristic of being
an exporter of electricity and for being a place of socio-
environmental impacts resulting from the process of
generating energy from a water source. The sources
used in the research for the elaboration of the indicators
were: National Energy Balance (BEN); Useful Energy
Balance (BEU); National Household Survey (PNAD);



National Electric Energy Agency (Aneel), Secretary of
Planning, Budget and Finance of the State of Para
(Sepof); Brazilian Institute of Geography and Statistics
(IBGE); Interunion Department of Statistics and
Socioeconomic Studies (Dieese), General Register of
Employed and Unemployed People (Caged); National
Institute of Energy Efficiency (INEE); Ministry of Mines
and Energy (MME); National System Operator (ONS);
and Energy Equatorial Group (EEG).

b) Data Organization Procedure

In this study, two analysis structures were
constructed. The first refers to the use of electrical
energy sources, based on the economic, social,
environmental and technological dimensions. The
second structure of analysis, pertinent to the use of
sectoral indicators of energy sustainability, supported by
linear correlations of an economic, social, environmental
and political nature. In the process of elaborating the
structure of analysis pertinent to the use of electric
energy sources, supported by the economic, social,

environmental and technological dimensions, emphasis
was placed on the identification of potentialities and
limitations in the use of electricity sources: water,
biomass, solar, wind and nuclear. The intention was to
provide a critical examination regarding the insertion
possibilities and proportion of these sources in the
electrical matrix. The dimensions used in this analysis
were  economic, social, environmental and
technological, as they better characterize the
environment of sustainable development. It is important
to point out that this critical examination of electrical
energy sources must respect the locational specificities,
as each region presents strategic potential and
substantial limitations regarding the production and use
of the electrical input. In the elaboration of the sectorial
analysis structure of energy sustainability indicators,
supported by linear correlations, the correlation sought
as a result a coefficient that quantified the degree of
correlation called Pearson's coefficient (p) (Chen &
Popovic, 2002).
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In this study, the linear correlations observed in
each of the dimensions, across sectors, were described
and analyzed with regard to their importance,
representativeness and unit of measurement used. The
software used for calculation was the Statistical
Package for the Social Sciences (SPSS). At a later
moment, the variables were organized according to the
dimensions: economic, social, environmental and
political, which built the energy sustainability indicators,
and from each sector of activity, which made up the
energy sustainability indexes. In calculating the
indicators, we proceeded from a weighted average
composed of the result of the calculation of the
composite variables. In calculating the composite
variables, the calculation adopted two variables: the first
referring to development, and the other referring to the
energy environment. The results of the correlations,
which indicated the use of certain relationships of
variables to the detriment of others, were due to the
specificities of the data referring to the State of Parg,
between 2010 and 2019, used here to merely operate
the calculation and consequent indication of the
relationships of variables across sectors of economic
activity. Thus, depending on the state or region and
based on their respective locational specificities, the
relationships of variables indicated by the software used
can naturally be different.

,xn and y1,y2 , .., yn comprise the measured values of both variables. And the following

_ 1 &
y—a';yi

c) Data Analysis Procedures

The analysis structures of electricity generation
sources and energy sustainability indicators, built in the
study, were examined with the intention of raising
subsidies in the construction of decision-making
standards along with the process of elaboration of the
electric matrix. The purpose of this examination is to
verify the possibility that the A.l. build analytical models
capable of evaluating, with precision, potentialities,
limitations and impacts of the individual or combined
use of electric energy sources in certain regions and
based on the productive profile of each sector of
economic activity. In the practical field, the possibility of
effectively demonstrating the connections between
public planning of electrical matrices and Al lies in the
construction of Algorithms. In this sense, Algorithms
applied to Al would be guidelines to be learned and
followed by a machine.

In this study, these guidelines that would feed
the Algorithms would be assigned precisely from the
result of the analysis of the structure of electricity
generation sources and the structure of energy
sustainability indicators. In reality, Algorithms would just
be a mathematical way of demonstrating a structured
process for executing a task. In other words, they would
be principles and flows of sequential analysis that guide
the decision-making process in the electricity sector. In
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this methodological strategy, it was intended to present
only a first approximation to the effort to build Algorithms
at the service of Al, through the basic phases of an
Algorithm's performance: input, processing and output,
in the context of sustainable electrical matrices.

[1I. PuBLIC ELECTRICITY MANAGEMENT AND
MACHINE LEARNING

Public planning is technically evidenced through
the events of the budget cycle, which, in turn, is
composed of the phases in which public budget
preparation and execution activities occur (Giacomoni,
2010). However, the debate about public planning has
frequently promoted mentions, especially, of the ability
of managers to achieve qualitative results in the use of
public resources applied to the territory; among them,
the influence of group ideologies that interfere with more
decision-making power, through correlations of forces
with various ramifications, such as energy (Mafra &
Silva, 2004; Schultz, 2016; Dagnino et al., 2016).

In the environment of the Brazilian energy
sector, planning is developed through public policies,
which generally intend to demonstrate that investments
aim at economic growth and improvement of the
population's living conditions. In this process, there are
strategic aspects ranging from the choice of energy
generation sources to the reflections of the use of this
energy in different sectors of a country's economy
(Borges 2012; Cornescu & Adam, 2014). The projection
of the composition of these available energy sources,
which should be directed to meeting the energy
demands in a given state, region or country, is called
the energy matrix.

The energy matrix is the description of all the
generation and consumption of energy, of a certain
spatial cut, broken down in terms of production sources
and consumption sectors for a future situation; thus,
when all the generation and consumption of a country or
region is described for a current situation, it is called
energy balance (Borges & Zouain, 2010; Reis et al.,
2012). According to EPE (2020), the national energy
matrix is currently prepared by the Energy Research
Company. The electrical matrix, in turn, is inserted in the
energy matrix and represents the disposition of the
different forms, specifically, of electricity, made available
to the productive processes in a determined spatial
context, involving its sources of generation and use
(Tolmasquim et al., 2007; Reis et al, 2012). The
observance of this arrangement of sources for the
generation of electricity assumes a strategic role insofar
as the projections verified in a given electrical matrix,
value the facilitation of forms of access to the
population. Electric energy sources comprise essential
inputs for sustainable development (Goldemberg &
Moreira, 2005) and the understanding of this normative
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reference is essential for the construction of an electrical
matrix.

The conceptualization of sustainable
development assumes a new world order, which results
in a redistribution of powers that ignores the correlations
of forces that are active in the world market, and the
interests of industrialized nations in maintaining a
position of advantage in the international panorama
(Borges et al., 2017; Silva et al., 2018). However, the
definition of this normative reference is steeped in
contradictions, insofar as the difficulty lies in the fact that
economic interests are not submissive to social and
environmental interests. Sustainable development aims
to promote sustainability. Sustainability is linked to an
activity that can be maintained for an indefinite period of
time, so as not to reach its exhaustion, despite the
unforeseen events that may occur during this period,
based on relatively consistent economic, social and
environmental bases (Glavic & Lukman, 2007; Marzall,
1999; Bursztyn, 2008; Borges, 2012). According to
Camargo et al. (2004), Bursztyn (2008) and Borges
(2015), sustainability would then be defined as the ability
to sustain socioeconomic and environmental conditions
that promote the fulfillment of human needs in a
balanced way and that occurs through decision-making.

According to Robbins (2010), decision making
comprises an occurrence in reaction to a problem and a
problem exists when there is a discrepancy between the
current state of affairs and its desirable state. In the
theoretical framework, decision-making comprises the
process of deciding on something and involves
selecting an action option from two or more possible
alternatives; and in this process there would be at least
three components that apply to the public environment
and that need to be verified by the observer who wants
to carry out investigations on the decision-making
process in this area. They are: technology; rules and
norms; and decision-making style (Silva, 2013).
Regardless of its components, decision-making in
public planning shows an environment of frequent
slowness due to excessive bureaucracy (Pacheco &
Mattos, 2014). In the decision-making process, it is
important to highlight that it constitutes an error-prone
activity, as it will be affected by the personal
characteristics and perception of the decision-maker
(Maximiano 2009; Robbins, 2010). In this perspective,
more impulsive decision-making and less information
processing threatens decision-making processes. In the
modern context, decision-making carries cognitive
biases and these biases interfere with our decision-
making in ways that move away from rational objectivity
(Certo, 2005, Colson, 2019). It is precisely there that lies
the advent of a new phase of evolution in the decision-
making environment, Artificial Intelligence. The term A.l.
it is a sub-area of computer science and is usedto



designate the set of computational techniques, devices
and algorithms, in addition to statistical and
mathematical methods capable of reproducing some of
the human cognitive abilities; in other words, it is the
science and engineering of making intelligent machines,
especially intelligent computer programs (Toffoli, 2018;
McCarthy, 2018).

Al comprises an area that is related to the
ability of computers to perform tasks, in order to
contribute to the construction of intelligent entities
through computational algorithms (Norvig & Russell,
2021). In this sense, the Al it would consist of the
artificial reproduction of the ability to obtain and apply
different skills and knowledge to solve a given problem,
solving it, reasoning and learning from situations
(Hartmann & Silva, 2019). In other words, the A.l. It is a
set of instructions and rules that form the algorithm,
used in series, to process information and solve
problems, with its own method and speed (Corvalan,
2018). The All. is already a reality and a great ally of
public planning, thanks to the agility and time savings
provided by the verification and crossing of data, where
it creates possibilities beyond human capacity, offering
public bodies elements that could go unnoticed in the
analyzes commonly carried out by civil servants (Brega,
2012; Desordi & Bona, 2020).

According to the Association for the
Advancement of Artificial Intelligence (AAAI), an entity
recognized as a reference association, Al has subareas
according to their applicability. AAAI has established a
division of Al into the following subareas: Research;
Machine Leamning; Automated Planning; Knowledge
Representation; Data Mining and Big Data; Reasoning
(Probabilistic or not); Natural Language Processing;
Robotics;  Agent and Multi-Agent System and
Applications (AAAI, 2021). In this perspective, it should
be noted that this article especially addresses the
Machine Learning subarea, in that it seeks to carry out
an inventory of which data would be important to identify
relevant patterns for decision-making in the face of
electrical matrices.

Machine learning comprises a data analysis
method that automates the construction of analytical
models, based on the idea that systems can learn from
data, identify patterns and make decisions with minimal
human intervention (Colson, 2019; Desordi & Bona,
2020). In this dynamic of leaming from data and
identifying patterns for decision-making, the strategic
opportunity of applying Al to public planning of
sustainable energy matrices stands out, as analytical
models capable of accurately assessing potentialities,
limitations and impacts of the individual or combined
use of electric energy sources in certain regions and
based on the productive profile of each sector of
economic activity. The possibility of effectively
establishing a clear and objective link between the
public planning of electrical matrices and Al lies in the

construction of Algorithms. Algorithm comprises a finite
sequence of executable actions that aim to obtain a
solution to a given problem (Dasgupta et al., 2010). In
this perspective, the Algorithms applied to Al are
constituted as a sequential set of rules or operations
that, applied to a number of data, enable the resolution
of problems.

[V. ANALYSIS AND DIsCUSSION OF RESULTS

This section is divided into two parts, namely:
analysis of electricity generation and analysis of energy
indicators. Analyzes should start from a complete and
integrated data structure that needs to be classified and
grouped in order to synergistically produce mental
captures and predictions; and it is with the intention of
favoring a coherent analysis that this didactic division
was adopted.

a) Analysis of Electricity Generation

This subsection addresses water, biomass,
solar, wind and nuclear sources, which will precede the
presentation of an analysis structure of electrical energy
sources, by dimension.

i. Water Source: Based on simple fundamentals -
Turbines transform potential energy from reservoirs
or water currents into electrical energy. Thus,
hydroelectric ~ plants are  characterized as
renewable energy. However, this source causes
serious and extensive impacts on the hydrological
cycle and changes in the environment in general.
The results record the disappearance of species of
fauna and flora, loss of quality of life for the
affected populations and threats to the existence
of various social groups. The emission of
greenhouse gases represents another serious
problem caused by large hydroelectric plants, a
panorama that does not portray socioeconomic
and environmental conditions that promote the
fulfillment of human needs in a balanced way
(Camargo et al., 2004; Bursztyn, 2008; Borges,
2015).

i. Biomass: Is a type of matter that feeds steam
power plants for electrical generation from a
process of burning elements accumulated in a
given ecosystem. Among the most used materials
are sugarcane bagasse and woody materials. The
burning of biomass causes the release of carbon
dioxide into the atmosphere, however, this
compound was previously absorbed by the plants
that gave rise to the fuel, which provides a zero
balance of CO2 emissions. It is also important to
mention that these materials must be close to
thermoelectric plants or on strategic routes with
easy access, otherwise they may represent
disadvantages. In this perspective, the reflections
resulting from the use of a certain energy source
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must be critically observed (Bermann, 20083;

Borges 2012; Cornescu & Adam, 2014).

Sun: Consists of the use of thermal and light
energy captured by solar panels, consisting of
photoelectric or photovoltaic cells. This type of
energy source is considered clean, renewable and
inexhaustible. Solar energy is the one that releases
the least CO? into the atmosphere, in addition to
generating potential for job creation in the solar
production chain. The main disadvantages of the
solar source are: the high cost of implanting
thermosolar panels, which are too expensive to
enable the production of electricity on a large
scale, and its irregularity in the form of uniform
distribution, which requires large collection areas
and storage systems. In this analysis bias,
according to Borges (2012); Cornescu & Adam
(2014), the reflections resulting from the use of a
certain source of energy in the environment must
be critically observed.

Wind Power: Energy derived from a technology that
uses the power of wind which, in turn, operates
turbines connected to electricity networks. This
type of energy source has the advantages of
renewable nature, low cost of externalities, does
not burn fossil fuels and does not emit polluting
gases that cause the greenhouse effect. Among
the disadvantages are: the alteration of the
landscape when implementing its infrastructure,
composed of propellers and towers, the emission

of low frequency noise, occasional interference in
television sets, the threat to the migratory routes of
birds due to the use of large rowed propellers and
the unproductiveness of this source in some
regions due to the inconstancy of winds, their low
intensity and waste of energy in the event of heavy
rains.

v. Nuclear: It takes place from a thermal base, where
the heat produced in the fission to generate water
vapor that moves the electricity generation
turbines. The advantage of this source lies in its
technology, capable of reducing gas emissions in
the production of electricity and the climate
impacts on the planet caused by the generation of
electricity. However, it is relevant to alert defenders
of nuclear technology as not emitting greenhouse
gases, that if the calculations of the complete
process of this type of energy are incorporated,
including: uranium mining, transport, uranium
enrichment, the subsequent dismantling of the
central and the processing and confinement of
radioactive waste, this source has disadvantages.

As a methodology that automates the analysis
of information, according to Colson (2019), Desordi
and Bona (2020), machine learning can favor the
development of structures for analyzing electrical energy
sources, by dimension, (Table 1) that allow an
examination more accurate and ideal for choosing the
arrangement of electrical matrix components.

Table 1: Dimensional Analysis of Electricity Generation.

Global Journal of Human-Social Science (B) Volume XXIII Issue I Version I n Year 2023

BASE DIMENSION GENERAL INFORMATION
- ECONOMIC Reservoir construction costs and after construction.
L SOCIAL Generation of jobs in the construction of reservoirs and after construction.
<§E ENVIRONMENTAL Emissions of polluting gases.
TECHNOLOGICAL Energy density.
1) ECONOMIC Construction costs of a small plant and estimated average cost.
2 SOCIAL Job creation.
% ENVIRONMENTAL Emissions of polluting gases and capacity for devastation.
m TECHNOLOGICAL Generation capacity and capacity corresponding to generation.
ECONOMIC Installation costs of photovoltaic system and rate of return on investment.
zZ SOCIAL Job generation.
8 ENVIRONMENTAL Emissions of polluting gases in the construction of the plant and in its operation.
TECHNOLOGICAL Solar radiation potential and infrastructure characteristics.
ECONOMIC Cost of installing a wind farm and return on investment.
% SOCIAL Job generation.
= ENVIRONMENTAL Emissions of polluting gases in the construction of the plant and in its operation.
TECHNOLOGICAL Wind density and characteristics.
o ECONOMIC Cost of installing a wind farm and return on investment.
é SOCIAL Job generation.
@) ENVIRONMENTAL Installation costs and return on investment.
> TECHNOLOGICAL | Energy intensity.

Source: Prepared by the authors (2023).
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Decision-making based on the analysis of the
use of electrical energy sources, by dimension, is
inserted in environments with multiple information
(endowed with inaccuracies) and in environments where
knowledge is extracted from numerous databases. The
high risk in this process may represent high
environmental costs or severe socioeconomic damage
to the affected populations, due to the results of this
decision-making process. In this sense, the A.l. adds:
the reduction in the analysis time of the most indicated
sources; the solution of problems verified with the
demands of society, for the electrical input, whether
operational or managerial; and the reduction of rework
and failures, frequent in electric energy generation
projects observed in Brazil.

b) Analysis of Energy Indicators

The construction process of an electrical matrix
must also consider aspects related to economic
sectors, since each sector of economic activity reflects
investments in electrical energy based on certain
peculiarities. These peculiarities can be organized into
economic, social, environmental and political
dimensions. Below, through Tables 2, 3, 4 and 5, the
structures of energy sustainability indicators for each
sector of activity are presented, based on linear
correlations and from data referring to the State of Parg,
during the period 2010 and 2019. Data referring to the
state of Para were used only with the intention of
considering its locational specificities.

Table 2: Analysis of electricity sustainability indicators (Agricultural Sector).

Relationship between the value of the Gross Domestic Product in the agricultural

Ratio between the amount invested by the distributor from Par& in electricity in the
State and the value of the Gross Domestic Product, per unit of consumption, in the

Relationship between the average electricity tariff charged per kWh in the agricultural

Ratio between the amount invested by the distributor from Para in electricity in the

Relationship between the amount of GWh consumed in the agricultural sector and the

Relationship between the amount of GWh consumed in the agricultural sector and the

Relationship between the amount of GWh consumed in the agricultural sector and the

Relationship between the amount of GWh consumed in the agricultural sector and the
accumulated emission of methane gas (CH,) and carbon gas (CO,) derived from

Relationship between the average electricity tariff charged per kWh in the agricultural
sector and the equivalent frequency of interruption per consumer unit in all sectors of

Relationship between the amount of GWh consumed in the agricultural sector and the

1)
sector and the amount of GWh consumed in the sector.
o |2
=
@) )
Z agricultural sector.
319
L sector and the Gross Domestic Product, per unit of consumption, in this sector.
4)
o State and no. of consumption units in the sector.
o
o | |
< . 7
n = average income of Para workers.
2 | o |2
% @ Gini coefficient recorded in the State of Para.
5
o Ll 1)
= % B energy yield verified in this sector.
O]
< |2 ; 2)
> . . /
Z hydroelectric plants in the state of Para.
2 |
S
= the State.
> |2
o equivalent frequency of interruption per consumer unit in all sectors of the State.

Source: Prepared by the authors (2023).

The structure of indicators shown in Table 3, like
the other structures built, was created based on different
skills and knowledge, which in a combined way seeks to
solve problems related to the use of electrical input, in
each sector of activity, in favor of improvement of the
standard of living of the population of Para. In this
sense, the Al it would consist of the artificial
reproduction of this ability to obtain and apply these
skills and knowledge to solve a given problem, solving
it, reasoning and learning from situations (Hartmann &
Silva, 2019). These indicator structures can help build
the electrical matrix based on strategies to promote
sustainable development.
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Table 3: Analysis of electricity sustainability indicators (Industrial Sector).

Relationship between the value of the Gross Domestic Product in the industrial sector and
the amount of GWh consumed in the sector.

© 2) Relationship between the value of the Gross Domestic Product in the industrial sector and
% the number of consumption units in the sector.
% 3) Relationship between the average electricity tariff charged per kWh in the industrial sector
i and the Gross Domestic Product in this sector
4) Relationship between the amount invested by the distributor from Paré in electricity in the
State and the number of consumption units in the sector.
oc 1) Ratio between the amount invested by the distributor from Par& in electricity in the State
|C_) . and the number of jobs generated in the industrial sector.
8 z_i) 2) Relationship between the amount of kW consumed in the industrial sector and the Gini
2R ) coefficient recorded in Para.
Z:' @ 3) Relationship between the number of consumption units in the industrial sector and the
|D__: recorded Gini coefficient.
(9]
8 'f_: 1) Relationship between the amount of GWh consumed in the industrial sector and the energy
Z g yield verified in this sector.
2 2) Relationship between the amount of GWh consumed in the industrial sector and the
2 accumulated emission of methane gas (CO,) and carbon gas (CO,) derived from
% hydroelectric plants in the state of Para.
£ 1) Relationship between the average electricity tariff charged per kWh in the industrial sector
g and the equivalent frequency of interruption per consumer unit in all sectors of the State.
2 2) Relationship between the number of consumer units in the industrial sector and the
a equivalent interruption frequency per consumer unit in all sectors.

Source: Prepared by the authors (2023).

In Table 4, there is an effort whose result is
based on a statistical tool that seeks to help the
decision maker in the process of building the electrical
matrix. However, as noted by Toffoli (2018) and
McCarthy (2018), what Al. may add, is something
beyond statistical and mathematical methods, that is,
the development of an ability to reproduce some of the
human cognitive abilities.

Al, according to the author Certo (2005),
Maximiano (2009) and Robbins (2010), will enable
greater security, trust and control over the interactions
necessary for a complex and multidisciplinary process
such as the construction of an electrical matrix, since
that the traditional decision-making process is prone to
errors.

The A.l. aspects that may negatively impact the
process of building energy matrices should also be the
focus of attention. Moral and ethical questions, as a
result of the use of an innovative technology, must be
worked on carefully. The dimensions analyzed in an
energy matrix are relevant to the strategic areas of
sustainability, however, it involves the reality of people
and possibilities for improving or not the standard of
living. In short, the intention is that the A.l. can be used
in a prudent and transparent manner as a technology
capable of carrying out an advanced and strategic
reading of society's energy demands.

Table 4: Analysis of electricity sustainability indicators (Commercial sector).

1) Relationship between GDP in the sector and the amount of KW consumed in

© 2023 Global Journals

2) Relationship between the amount of GW consumed and the amount invested in

3) Relationship between the variation in the electricity tariff and the amount

1) Relationship between the balance of formal jobs in the sector and the amount

o) % this sector.

5 (@)

= CZ) electricity in all sectors.
O

—
L

z—':) invested in electricity in all sectors

i

= —

3 =

O 8 invested in electricity.
(90}

2) Relationship between average income and the amount of GW consumed.



1) Relation between the variation of energy yield in the sector/Amount of GW
consumed.

2) Relationship between the variation in the emission of polluting gases derived
from electricity generation and the amount of GW consumed.

ENVIRONMENTAL

1) Ratio between the variation in the equivalent frequency of interruption per
consumer unit and the variation in the tariff charged for electricity.

2) Relationship between the variation in the duration of interruptions per consumer
unit and the variation in the tariff charged for electricity in the sector.

POLITICAL

Source: Prepared by the authors (2023).

As presented in the methodology of this of a task that proposes to guide decision-making in the

investigation, the possibility of effectively establishing a
direct link between the public planning of electrical
matrices and Al is linked to the construction of
Algorithms. The Algorithms applied to Al would be
principles and rules (guidelines) to be followed by a
machine, that is, a structured process for the execution

construction of sustainable electrical matrices. Next,
through Chart 6, the foundations for the development of
algorithms  for Artificial Intelligence in favor of
sustainable public management of electric energy are
presented.

Table 5: Foundations for the development of algorithms for Al in favor of sustainable public management

of electric energy.

INSTRUCTIONS TO ARTIFICIAL INTELLIGENCE

plants; Energy vyield; Electricity
generation capacityin Kw; No.
of jobs generated from the
source of generation; Costs
used in generation projects.

L
g INPUT STAGE PROCESSING STAGE OUTPUT STAGE
(%)
L INITIAL ~ DATA, THAT IS, | RELATIONS  THAT MUST  BE | RESULTS, THAT IS, DISPLAY
% POSSIBLE INPUT DATA | SATISFIED TO TRANSFORM INPUT | OF THE CALCULATION
O) VALUES OF AN ALGORITHM. DATA INTO ACCEPTABLE OUTPUT. FROM THE INPUT AND
PROCESSING PHASES.
Ratio between the amount of
electricity generated in GW and the
o amount invested in  generating
Amount of electricity generated | gigoiricity;  Relation  between  the
in- GW; Amount invested for | 5ooumulated emission of carbon
the generatlon. Qf electricity; | gioxide gas (CO,) derived from
Amount of electricity consumed; | py groelectric plants and the amount of | Ability to  meet  energy
Accumulated  emission  of | qwn consumed: demand: SesrEile
carbon  dioxide gas (CO,) externalities; Social
derived  from  hydroelectric | Relationship between energy yield externalities:  Environmental

and amount of GWh consumed; Costs
used in generation projects per Kw;

Relationship between number of
jobs generated from the source of
generation and the Amount invested
for the generation of electricity through
this source.

externalities; Energy-material
flow.

Source: Prepared by the authors (2023).
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The results where the generation of electricity
and its combined disposition structure in favor of a
population, is presented from sustainable bases, must
be codified in a programming language. In the coding
process, programming language tools must be used.
The Java Development Kit (JDK), which is a utility suite
that makes it possible to build software systems, and
the NetBeans Integrated Development Environment
(IDE), which is a program for software development. The
technique for building an Algorithm indicated for the
electrical matrix environment would be the so-called
Narrative Description, which defines what needs to
be done and how to do it, that is, it identifies the steps
to be followed to achieve sustainable solutions in the
electrical matrix environment. The steps related to the
use of programming language tools and the complete
elaboration of the Algorithms are not an object of
observation here.

V. FINAL CONSIDERATIONS

The possibility that the Al building analytical
models capable of guiding decision-making in the
public planning of sustainable electricity matrices is
concrete. In this perspective, this investigation
constitutes an original contribution insofar as it
discusses the possibility of a connection between
artificial ~ inteligence  and  sustainable  public
management of electricity in Brazil. The analysis
structures elaborated in this investigation, despite being
synthetic, aggregate reasonable conditions for
evaluating the potentialities, limitations and impacts of
the individual or combined use of electric energy
sources, in certain regions, and based on the productive
profile of each sector of activity.

In this sense, it is up to machine learning,
processing and methodological elaboration, based on
algorithms, for a precise and transparent examination of
information that automates the construction of decision
analysis models, supported by the idea that
computational systems can learn from data, identify
standards, strategically consider locational specifics,
and make decisions with minimal human intervention.
The discussion about these connections helps to raise
subsidies for machine learning to process and develop
methodologies, based on algorithms, that automate the
construction of decision analysis models in the
elaboration of sustainable electrical matrices. The
investigation inferred that the possibility of effectively
establishing a direct link between the public planning of
electrical matrices and Al is linked to the construction of
Algorithms. In  this perspective, the investigation
presented, as an effort to raise subsidies, preliminary
stages of construction of Algorithms for Al applied to the
decision-making process in the planning of sustainable
electrical matrices. This effort constituted a structured
proposal of guidelines for machine learning that

© 2023 Global Journals

proposes to contribute to the construction of Algorithms
aimed at guiding decision-making in the construction of
sustainable electrical matrices.

The research concluded, in this dynamic of
analysis, that artificial intelligence can guide decisions in
the planning of electrical matrices, as long as they are
based on analysis structures focused on the strategic
use of electricity sources and on the use of sectoral and
multidimensional indicators. These analysis frameworks
are able to feed computational analytical models that
learn from data, identify patterns and make intelligent
decisions with minimal human intervention. Future
research on this topic should follow the path of
improving the process of building Algorithms for Al
applied to the decision-making process, in order to still
observe the environment of the sectors of economic
activity. The use of energy input in the intricacies of each
sector of economic activity presents different reflections
on the development process, which represent different
intensities in terms of jobs generated, energy efficiency,
contribution to GDP, favoring the deconcentration of
income, among other relevant and strategic variables in
the development process.
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