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Abstract

This paper highlights the challenges of integrating
renewable energy into electricity distribution
networks, focusing on modeling and optimizing
electrical energy flows from sources such as
nuclear, thermal, renewable, and geothermal to
various consumers, including industrial, residential,
commercial, and electric transportation sectors. It
addresses a critical knowledge gap in managing the
complexity of energy distribution with diverse
sources and variable consumption patterns. The
research aims to develop a comprehensive model
that ensures voltage stability across grid levels and
optimizes the allocation of energy from sources,
including solar panels, over time intervals. The
proposed model uses time constraint matrices and
graph theory to represent energy flows between
sources and consumers, and defines variables and
constraints to maintain grid stability amidst
demand fluctuations. The intended results include
a detailed energy distribution framework with a
clear implementation methodology designed for
practical use by grid operators, policy makers, and
researchers. By providing a structured approach to
the integration of renewable energy, the results
will support the development of more resilient and
efficient electricity distribution networks, define
the problem, and outline future research steps.

1. Introduction

Global energy consumption has been steadily
increasing due to the growing world population,
rapid industrialization, and technological advances.
Research on solar energy adoption offers a
multidimensional scope and warrants exploration
from multiple perspectives, including political,
economic, management, behavioral, policy, and
innovation aspects

s[1]. This surge in energy consumption has
significant environmental implications, leading to
increased carbon emissions and depletion of
natural resources. In response, European countries
have made efforts to transition to more
sustainable energy sources, such as solar and wind
power. Hungary, as one of the largest energy
consumers in Europe, has been working to
diversify its energy mix and increase the use of
renewable energy sources.

This shift toward clean energy technologies has
been supported by policy initiatives and
investments in the development of renewable
energy infrastructure. In addition, mathematical
models involving matrices have become essential
tools for analyzing complex systems and solving
equations in various fields of research and
industry. These models are used to study and
predict energy consumption patterns, optimize
energy production, and improve the efficiency of
energy distribution systems.

As the global demand for energy continues to
grow, it is critical for countries to prioritize the
development and adoption of sustainable energy
solutions. This includes investing in renewable
energy sources, improving energy efficiency, and
promoting the use of clean technologies. By doing
so, we can reduce the environmental impact of our
energy consumption and ensure the availability of
natural resources for future generations.

The flow of materials, logistics, and electrical
power are critical components of modern
industrial and commercial operations. The efficient
movement of raw materials, components, and
finished products is essential to the smooth
functioning of supply chains and manufacturing
processes. Logistics involves coordinating these
movements and managing storage, transportation,
and distribution activities. Meanwhile, electrical
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energy is a fundamental requirement for powering
machinery, equipment, and lighting systems in
various industrial and commercial environments.
Together, these three elements play a vital role in
supporting the operations of businesses and
industries worldwide.

After analyzing the bibliography of the Scopus
database found with the keywords optimization,
material flow, and energy flow, it was observed
that more than 800 papers have been published
from 1970 to the present. It is interesting to note
that 433 of these papers have been published
since 2018, indicating a significant increase in
interest in these topics in recent years. This
increase in scientific production reflects the
growing importance given to the optimization of
material and energy flows in various fields, such as
engineering, logistics, and environmental
management.

Analyzing the bibliography with the keywords:
network, material flow, energy flow and
mathematical model in Scopus, a total of 51 papers
were found, of which 39 are articles, 9 are
conference papers, 3 are reviews and 1is a
conference review. As of 2018, the design of low-
carbon supply chain networks has started to
develop, indicating that this research topic has not
been widely explored for a considerable period of
time, despite the increasing emphasis on the
development of a low-carbon economy [2]. This
indicates that there is great potential for future
research and development in this area, especially
in the application of mathematical models to
optimize energy flow in industrial and commercial
networks.

Below is a table of bibliographic references of
different scientific fields used to solve material
flow problems, as well as a reference to material
flow in the special case of energy:

Table 1: Scientific field used to solve for Material
and Energy Flows

Scientific field References

Literature review [1], [3]

Circular economy [4], [5], [6], [7], [8]

Algorithms [9], [10], [11], [12],
[13], [14]

Simulation [15], [16], [17]

Variables [18], [19], [20], [21],

[22], [23]

Material (energy) flow | [24], [25], [26]

In the present research work, different aspects
related to material and energy flows are
addressed, focusing on the Hungarian context.
First, an analysis of the background and the first
model used to understand the relationship
between material flows and energy are presented.
Subsequently, the energy situation in Hungary will

be specifically examined, highlighting the
challenges and opportunities facing the country. In
addition, a mathematical matrix model is
developed to analyze the relationship between
electricity consumption and generation. Different
matrices and graphs will be analyzed to better
understand the dynamics of electricity demand
and supply in a given system. Finally, the results
obtained will be discussed and possible future
research directions in this area will be proposed.
A brief state of the art report including literature
review, research gaps and research questions will
be formulated.

2. Methods or experimental part

The procedure developed is the result of the
bibliographic analysis carried out, since it includes
in a rational way what has been proposed by the
different authors with respect to the flow of
materials and the different models studied. Figure
1 shows the procedure for improving the model.

Create Mathematical Model

Define matrix vectors for a cycle ‘ Define the matrices for several cycles

Sy

Programming the model in Scilab

Translate the mathematical model in
Scilab

Modularize the code to improve ist
readability and maintainability

Simulate with random data

Model validation ‘ Sensitivity analysis

ays

Control

1l

Analysis and improvement

Impact assessment

Practical implementation ‘

Figure 1: Methodology

2.1 Create Mathematical Model

A mathematical model based on matrices is
proposed. Matrices are fundamental tools in
various scientific disciplines and allow for the
representation and solution of a wide range of
problems. In this context, the chosen approach
involves the development of a matrix system that
captures the interactions and relationships
between the relevant variables of the problem at
hand [27]. This model would provide a framework
for exploring and evaluating potential approaches.
In addition, the flexibility and adaptability of the
matrices would allow the model to be adapted to
the specific needs of the problem and the
constraints of the environment. The proposed
model is:

Where ny is the final number of elements for all
the matrices in the model.
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Where each element P; represents the energy
production of category i for one cycle.

1 P11
2 D21
p=3 |P31 (1)
i Di1
nf pnf,l

Let be a matrix Costpiof size n x m, where n
represents the cost of the product for one cycle.

1
1 mpi,1
2 mpz,1
mps,
costy, = (2)

t mp; 1

nf mpnf,l
The matrix t, inicialpi would represent the initial
time for one cycle:

The matrix t, inicialcl. would represent the initial

time for one cycle:

t, inicialCi =

1
1 [ nfiz
2 nfyq
% nfs,
f nfi1
nf | nfnf,l

(7)

The matrix t,finalci would represent the final
time for one cycle:

1
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Where each element P;- j-represents the energy
production of category i* at bar j*
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The matrix t, fmalpiwould represent the final time
for one cycle: The matrix cost,. of size n, X N¢yce, Where n
1 Py D cycle
1 [ thp represents the cost of one product in j. cycle in
1,1 .
time.
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1 [fa for the source for j cycle:
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Ci ’ : int, n ty 2 t, i3 int, y int, iy
represents the cost for product for one cycle. ny -
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The matrix tinicialy, . would represent the initial

time i for the source for j cycle:

tinicial,. . =
1 2 3 J ny
It . . . t; 7
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The matrix tFinalpijwouId represent the final time

i for the source for j cycle:
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Where each element Ci*_}-* represents the energy
consumption of category i at bar j*
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The matrix cost,, ;0f size 1, X Ncycle, Wheren
represents the cost of one productin j. cycle in

time.
COSTCU:
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The matrix INT,,; would represent the i intensity for

the source for j cycle:
INT,, =

ci,j
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The matrix tinitial,, ; would represent the initial

time i for the source for j cycle:
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The matrix tFinal,, ;would represent the final time i
for the source for j cycle:
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2.1. The model in Scilab
Using Scilab for data modeling and analysis
provides a robust and versatile platform for
researchers and professionals in various scientific
and technical fields. With its wide range of
functions and numerical computing capabilities,
Scilab becomes an invaluable tool for creating and
analyzing complex mathematical models. This
latest model developed in Scilab takes advantage
of these features in a realistic approach to simulate
and analyze a variety of scenarios. In addition,
Scilab's visualization capabilities, such as the
creation of bar graphs for the generated matrices,
facilitate the interpretation and understanding of
the results obtained. These features make Scilab a
powerful tool for research and data analysis in
scientific and technical environments. The code to
represent the mathematical model is:
function generate_random_matrix(n, m):

// Generate a random matrix between 0 and 100
as integers

matrix = new matrix of size n x m

foreach row i in the matrix:

for each column j in the matrix:
matrix[i][j] = round(random_number() *

100)

return matrix

// Size of the matrices

n_=3// Number of producers

m =3 // Cycles

// Generate all matrices from the model

P = generate_random_matrix(n_, m)

C = generate_random_matrix(n_, m)
COST _p = generate_random_matrix(n_, m)
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T_INITIAL p = generate_random_matrix(n_, m)
T _FINAL p = generate_random_matrix(n_, m)
COST _c = generate_random_matrix(n_, m)
T_INITIAL_c = generate_random_matrix(n_, m)
T_FINAL_c = generate_random_matrix(n_, m)
INT_p = generate_random_matrix(n_, m)
INT_c = generate_random_matrix(n_, m)

// Show all generated matrices

print 'Matrix P:'

print P

print 'Matrix C:'

print C

print 'Matrix COST_p:'

print COST_p

print 'Matrix T_INITIAL p:'

print T_INITIAL p

print 'Matrix T_FINAL p:'

print T_FINAL p

print 'Matrix COST _c:'

print COST_c

print 'Matrix T_INITIAL c:'

print T_INITIAL ¢

print 'Matrix T_FINAL c:'

print T_FINAL ¢

print 'Matrix INT p:'

print INT_p

print 'Matrix INT _c:'

print INT _c

// Create bar chart for matrix P
create_chart(P, 'Matrix P')

// Create bar chart for matrix C
create_chart(C, 'Matrix C')

The approach used to develop the methods in the
code is a procedural approach. The code defines a
function to generate random matrices and then
calls this function to generate the matrices needed
for the model. It also includes visualization steps to
create bar graphs for the P and C matrices.
Alternative methodological approaches that exist
could include object-oriented programming
paradigms where classes and objects are used to
encapsulate data and methods related to the
matrices. In addition, functional programming
approaches could be used, where functions are
treated as first-class priorities and operations are
performed by function composition and higher-
order functions. These approaches could provide
different perspectives on how to structure and
manipulate data and operations within the
program.

3. Results and Discussion

In the context of this study, a computational
approach using the Scilab programming language is
used for data generation and analysis. The
following code in Scilab is used to enter the results
obtained under the appropriate heading. The
‘generate_random_matrix' function is used to

generate random matrices of predefined
dimensions representing different parameters of
the model. The generated matrices are then
displayed with relevant information such as
associated costs, start and end times, and other
relevant variables. In addition, bar charts are
presented to better visualize the data contained in
the P and C matrices in relation to the categories
and the corresponding energy. This computational
approach provides a solid basis for detailed
analysis of the results and their interpretation.
Presentation and interpretation of results,
presentation of limitations and generality of
results.

3.1. Errors encountered

The difficulties and errors encountered with the Al-

generated codes were as follows:

1. Random matrix generation error: An error
indicated that a scalar was expected as an input
argument to the ‘rand' function, but a matrix
was provided instead. This was due to
improper use of the ‘rand' function. The
workaround was to correct the ‘rand” function
call to properly generate random matrices.

2. Visualization of matrices in the console:
Initially, the generated matrices were not
displayed in the console, making it difficult to
verify the results. The solution was to add the
“disp” function to display the generated
matrices in the console.

These solutions successfully addressed the

identified problems and improved the readability

and usefulness of the generated code.

3.2. Improvements

The code provided had several bugs and areas for

improvement. Below is a detailed comparison

between the original code and the suggested
improvements:

The bugs and improvements in the provided code:

3. Matrix definition: The matrices 'P' and "C' were
not defined correctly and their dimensions did
not match the provided model.

4. Random matrix generation: Matrices "P' and "C'
were incorrectly generated using ‘rand(n, m) *
100, resulting in an error due to incorrect
argument size. This has been fixed by removing
the multiplication by 100.

5. Matrix visualization: Generated matrices were
not displayed in the console for verification,
making code debugging difficult. The “disp"
function has been added to display them.

The bugs and improvements in the proposed code:

1. Matrix definition: The dimensions of the
matrices " COST_p', " INT_p', " T_INITIAL_p' and
" T_FINAL_p' were set correctly according to
the provided model.
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2. Random matrix generation: Random matrices
were correctly generated with the “rand(np,
ncycle)” function.

3. Construction of matrices according to the
model: The matrices * COST_p', " INT_p', "
T_INITIAL_p' and * T_FINAL_p' were
constructed correctly according to the given
model in the “for' loop.

4. Matrix visualization: The “disp' function was
used to display the generated matrices in the
console.

5. Data plotting: A section has been added to plot
the data of each matrix column by column for
better visualization.

3.3. Example to verify and validate my
methodology
The following is a simple example of different
energy producing sources and their consumers,
based on the data provided and the answer
obtained in the Scilab software. The number is
randomly generated. In the next research step, the
method for determining the numbers will be
created.

Matrix P:
65 75 85
pP= F9 41 6] (19)
5 61 83
Matrix C:
93 82 12
C:=[57 6 73] (20)
57 56 27
Matrix COST_p:
55 0 26
COST, = [99 59 63] (21)
74 31 12
Matrix T_INITIAL p:
61 3 24
T_INITIAL p = [68 52 51] (22)
33 39 42
Matrix T_FINAL p:
29 35 29
T_FINAL p = [ 9 71 65] (23)
62 52 9
Matrix INT_p:
45 24 51
INT p = [72 43 52] (24)
90 97 56
Matrix T_INITIAL_c:

56 79 43
7;1N1T1AL_c==[47 98 25] (25)
78 82 92

Matrix T_FINAL c:
10 4 61

T_FINAL_c = [47 52 19] (26)
40 83 2

Matrix COST c:

84 1 75
COST ¢ = [7 19 94] (27)
85 49 21
Matrix INT_c:
58 91 26
INT_C=[26 81 41] (28)
44 81 36

These matrices likely represent a system where
energy is produced and consumed by different
entities, and the values within these matrices are
used to model and analyze different aspects of this
energy system, such as costs, time, and intensities.
The matrices provide a rich dataset for further
analysis using the Scilab software.

4. Limitations and Conclusion

Conclusions:

The presented model provides a comprehensive

representation of energy producing sources and

their consumers, accompanied by various
associated parameters, including costs, production,
consumption times, and interruptions. By using the
matrices provided, one can gain deeper insights
into the dynamics of energy production and
consumption within a given system. In addition:

e The suggested Al code improves the clarity and
accuracy of the provided model
implementation.

e Bugs in the original code have been fixed and
improvements have been made to allow better
visualization of the generated data.

e A dedicated section for plotting the data of
each matrix has been included, which improves
the understanding of the results.

Limitations:

Despite its utility, the model has certain limitations

that require attention to strengthen its

applicability. Notable limitations include:

e The simplicity of the model may overlook
nuances inherent in real-world energy systems.

e External factors such as demand fluctuations or
environmental changes are not considered.

e Variability in the accuracy of the data provided
could affect the validity of the model.

Possible Future Research:

To refine the model and optimize its practical

utility, future research could explore the following

avenues:

e Integration of additional variables and
parameters to more accurately reflect the
complexity of energy systems.
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5.
(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

Validate the model against authentic data sets,
coupled with comparative analyses against
alternative methodologies to assess
effectiveness and accuracy.

Explore the applicability of the model in
different contexts and sectors, ranging from
energy management in buildings and industrial
facilities to power distribution networks.
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