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The constant increase in energy demand and the need to reduce the carbon footprint on the environment
has put countries in a race against time, looking for alternative resources or ways to supply this need. One of
the main resources is solar radiation, which can be used to generate energy, initially on a small scale, but in
recent years has been directed towards supplying large cities. The economic, political, and social investment
must respond to planning and expansion criteria in order to generate feasible proposals. Through simulation of
a real electrical system, the voltage instability was determined, which was corrected at software level by
entering a photovoltaic solar plant, being this dimensioned from the PV curve obtained. Finally, the optimal
location for the development of a solar photovoltaic plant among four possible scenarios was obtained through
the application of an optimization algorithm. This approach was converted into an alternative applicable to

different geographical locations.
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1. INTRODUCTION

One of the main indicators to establish or
determine the economic and social growth of nations
is the electricity sector [1]. Within this generation-
demand exchange, it is imperative to have the
capacity to satisfy the energy consumption,
Electrical parameters as frequency, voltage, current
and load are of primary importance for power supply
and quality standards are of primary importance for
power supply and power quality standards [2],
starting from the electric generation, the realization
of the respective study to determine the ideal place
for its implementation usually presents a
predominance of various factors among which we
can mention the hydrographic, topographic,
geographic, climatological, meteorological,
climatic, among others ,but through the modeling
and study of a power flow, it is possible for us to
determine power flow it is possible for us to
determine actions that allow us to control the active
and reactive control the active and reactive power of
the network that directly influence the stability of an
SEP [3].

For our study, a photovoltaic power plant is
analyzed in order to promote alternative sources in
the field of electric power [4]. The choice of the site
becomes a key determinant in terms of its generation
efficiency, the environmental impact involved in the
construction and commissioning of the generating
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plant. Which will also be decisive in terms of
generation efficiency, the environmental impact of
the the environmental impact involved in the
construction and operation of the generating plant,
and the generating plant and, after that, the
environmental impact that the generation process
itself demands [5].

For the purpose of this study, several possible
scenarios have been developed based on their
performance and will be validated by means of the
optimization technique known as particle swarm or
PSO, which seeks the optimal result within a space
of possible outcomes [6].

This paper provides an introduction to the
Electric Power System. The Ecuadorian electric
sector is analyzed in order to give a general scenario
of study including its regulations at the
governmental level. Subsequent to the mentioned
above, the cases of stability in a SEP are presented,
with the objective of presenting the particular case of
voltage stability.

The imperative of the administration of an
electric power system is to offer the electric service
guaranteeing its continuity in supply, quality and as
economically as possible.

The same way, over the years, technology has
improved in such a way that it is possible for "non-
conventional renewable energies" to be incorporated
to the production of energy on a large scale for the
nations.
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From this point, having a clear idea of the energy
reality of Ecuador, the readership is informed about
the inclusion that renewable energies have had in the
country under study and the solution is established in
order to define, through the application of
optimization algorithms, the ideal place in front of
several study proposals.

2. MATERIALS AND METHODS

2.1. General introduction to the Electric Power

System

The Power Electrical System (SEP) is generally
composed of three fundamental areas of study:
generation, transmission and distribution, providing
the end user or load with adequate voltage levels and
currents according to their needs [7]. From the
technical point of view, a power system is
represented by: sources, conductors and equipment
required to supply electrical power [8].

It is common as in any real system, that losses
occur mainly due to the distance between the
generation plant and the consumer, being this the
loss generally represented in the transmission lines
and the gradual wear of the equipment that make up
the SEP [9]. Within this generation-demand
exchange, it is important that the energy supplier is
fully capable of meeting the required consumption in
the most economical way possible [10], [11].

2.2. Quality of electricity supply in Ecuador

The agency for regulation and control of
electricity and non-renewable natural resources is
the governmental entity of Ecuador, with the
acronym ARCERNNR, in responsible for ensuring
compliance with the quality of energy delivered to
final consumers, either residential, industrial or
commercial, through the legal figure of regulation
002/20, which indicates parameters related to the
quality of the service of distribution and
commercialization of electric energy [12], [13]. The
ARCERNNR determines 3 important parameters
concerning the quality of the electric service, which
are:
1)Voltage levels. - To minimize the problems that
may occur because of the losses, it is necessary to
determine the permissible supply voltage limits [12],

this may be calculated as follows:
AV, = % * 100 % (1)
Where AV, is voltage difference supplied at a
point k, with respect to a nominal reference voltage;
Vi is voltage supplied at a point k of the network,
this value is the average recorded in at least every
three seconds during a time interval of 10 minutes;
Vy is nominal voltage measured as a reference at a
point k of the electrical network;
2)Admissible range of voltages. - The ARCERNNR
defines a range of admissible network voltages,

depending on the voltage level there are tolerable
values [12], table 1 shows in detail these values:

Table 1. Admissible voltage limits according to the
ARCERNNR 002-20 regulation

Level of Reference voltage ~ Admissible range
voltage

High Voltage. > 138 kV +5.0%
Group 1

High Voltage. >40kV & <138kV +5.0%
Group 2
Medium >0,6 kV & <40kV +6.0 %
Voltage

Low Voltage >0,6 kV +8.0%

Figure 1 below visualizes the structure of the
electrical power system [14]:
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Fig. 1. Basic elements of a power system

3)Voltage unbalance. -In electric networks, voltage
unbalance is one of the problems with the highest
frequency rate, a consequence of the incorporation
of loads into the network [15]. This unbalance can be
determined as [12]:

Voltage Unbalance = |Z—; * 100% 2

Where V™ is negative sequence component, the
average product of the measurements analyzed at
least every three seconds over a period of ten
minutes; V* is positive sequence component, the
average product of the measurements analyzed at
least every three seconds over a period of ten
minutes.

2.3 Stability in electrical power systems and
classification

Stability is the property of an SEP to operate in a

steady state under normal operating conditions and

its capacity to recover an acceptable steady state

after being subjected to a perturbation [16], these

phenomena could be classified as shown in Figure 2:

For the purpose of study of the present article, the
main phenomena of voltage stability is analyzed,
because it is the central focus of the specific
objectives set out [17].

There are a number of main phenomena that
cause voltage instability with a frequent recurrence
rate:
1)Load increase. - Inside the main indicators to

establish or determine the economic and social

growing of the nations, is the electrical sector [1],

the absence of SEP planning and the sudden

entrance of load always creates a fluctuation in
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Fig. 2. Stability classification in electrical
power systems

the voltage level [18], representing an inevitable

factor due to the exponential increase of the

energy demand caused by population increase

and the improvement of the lifestyle [19].

2) Operation at the maximum limits of the machine.
-The operating limits of a machine may be
visualized in their respective capacity diagram,
these values limit the equipment caused by
magnetic saturation that leads to heating of both
the ferromagnetic core and the windings of the
machine [20], [21], the work of the machine
caused by unplanned load increase causes
stability problems [22].

The analysis of the PV curves is interpreted from
their collapse point, while its active power demand
is increasing, the voltage is decreasing, so the curve
that is in the lower part of the "y" axes,
corresponding to the coordinates of the voltages, will
indicate which is the most critical bus of the network
(see Figure 2) [23]. In the PV curve, it is indicated
that P is the amount of active power being supplied
by the bus and V is the change in voltage as the load
begins to increase to reach the point of maximum
transfer before reaching the voltage collapse, as
shown in Figure 2 [24]. With the above 10 loads, the
PV curves are obtained using DigSilent software.
Each bus has different types of loads, so their angles,
voltages and power changes, a curve was obtained
for each bus to analyze and identify the point of
collapse in the most critical bus of the study system
[25].
3)Remote from the generation plants. - Transmission
lines generate losses represented in voltage level
drops on account of their impedance [9]. Strategies
such as raising the voltage levels for transmission
can in certain cases lead to not having the necessary
voltage limits to guarantee the quality of service
imposed by the ARCERNNR in its regulation
002/20 [12], [23].

When planning the implementation of a
generation plant, the optimal location is a
determining factor in addition to the type of
generation system and the environmental impact,
among other factors [24].

4)Very high inductive reactive power. - Along with
the increase of the load, high reactive power
components of inductive type are added to the
electrical network, causing voltage and angle
instability [25], [26].

2.4 Introduction of renewable energy in the
electricity system

Several decades ago, the study of photovoltaic
energy applications led to the development of
technologies to supply homes and later industries
[27] and with this, the concept of distributed
generation was introduced, where generation is close
to the load and is generally of an environmentally
friendly type [28].

Currently, photovoltaic development has enabled
the implementation of large-scale photovoltaic
plants or parks in order to alleviate power grids and
the environmental problems [29], the world
nowadays has large generation parks which cover
large areas of land, but which in turn benefit
thousands of people [30].

2.5 Renewable energy in the Ecuadorian
electricity

The Republic of Ecuador, whose current
constitution dates from 2008, has taken as its main
protagonist the change of its productive and energy
matrix [31], focused on large emblematic projects,
which are based on the creation and repowering of
each sector that makes up the Ecuadorian electrical
system [32] including green energy in generation,
repowering at the transmission level (voltage
increase to 500kV) [33] and the improvement of the
energy received by end users [13].

The present electricity master plan, which
initially covered the period 2018-2027 and has been
extended until 2031 by the present government
(2021-2025), with the purpose of attracting private
capital to be invested in non-conventional renewable
energy, indicates that as of 2018, Ecuador has an
electricity service coverage or electrification
coefficient of 97.05% [34] , which is analyzed every
four years to verify and estimate compliance with the
plan [35].

On April 16, 2016, Ecuador suffered an
earthquake recognized as one of the biggest natural
disasters in recent decades, with the epicenter
located in the coastal province of Manabi, which
affected mainly the canton of Pedernales [36], thus
compromising electricity distribution and showing
the deficiencies in terms of energy reliability [37],
[38].

The introduction to the network of this type of
system allows the optimization of active power
losses [39].

2.6 Optimal location of the PV plant

This type of power plants, as mentioned above,
in some cases involve large areas of land, making
their optimal location a critical problem for the
project planner, who must evaluate geographic,
environmental, technical and economic criteria to
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determine the feasibility of the power plant [40],
[41].

2.7 Options for minimizing power losses and
quality problems
The most common techniques used to upgrade an
electrical network are:

1. Reconfiguration of the network [42],
illustrated in Figure 3;

2. Siting and dimensioning of distributed
generation with storage systems [43].

O Load node —— Normally connected branch
[0 Substation node = Normally disconnected branch

Fig. 3. Techniques to reduce power losses and
voltage drops: Network reconfiguration.
Described in “Analytical Reliability
Assessment Method for Complex Distribution
Networks Considering Post-Fault Network
Reconfiguration” [44]

The central focus of this paper deals with the
distributed generation technique applied to a power
system, as shown in Figure 4.
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Fig. 4. Location of distributed generation on
the grid. Credits Author
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2.7 Definition of the algorithm to be applied
Every year, there is a significant increase in
electricity demand, and with the increase in demand,
problems begin to occur in the network [45] where
generally there are mainly voltage drops,
transformer overloads, overloaded lines, leading the

user to begin to have problems related to power
quality [13], [46].

2.8 Development challenges for optimization

The techniques mentioned are subject to
restrictions that represent several challenges for
network optimization, considering the complexity
that might be present in the network topology [41],
loss minimization, cost reduction, demand
projection, geographic restrictions, and the
incorporation of distributed generation with their
respective storage system [47],[49]; however, this
case study does not contemplate storage because it is
a system incorporated to the network [50].

2.9 Particle Swarn Optimization

The Particle Swarm Optimization (PSO)
algorithm is part of the metaheuristic algorithms
[51]. For its application, this method considers the
possible solutions within an analysis space, range or
interval [14].

The mathematical modeling can be represented
in terms of position and velocity [52], the movement
of each particle of the system in the set or dimension
D is related to its inertia, and to the cognitive and
social components [53], as shown below:

t+1 t t+1
KOV = O 4 D o)

vi(”l) =y vl-(t) taxr |9 — Xi(t)] (4)
Inertia Cognitive behaviour
+Bx1, % [0 —xP]
Social bohaviour

Where X; is position for each iteration as
function of time (t); vi(t)is present velocity; 9; is best
known velocity of the particle; o is best known
position among all the particles of the study set; y is
weight or inertial factor. « is constant to calibrate the
cognitive behavior. § is constant to calibrate the
social behavior; r , is random values in the interval
between 0 and 1.

At the start of the iterative optimization process
the inertial factor y can take values of 0.9 to explore
a larger search area and consequently reduce to 0.4
and then adjust its search parameters [54].

Generally, the values of o and B oscillate between
1 and 2 with the purpose of increasing the local
exploration or emphasize the importance of the
optimum found by the set as a whole [55], generally
100 iterations are selected [56].

2.10 Optimal location of the PV plant

The Matlab algorithm considered for its
application is the particle swarm, and the input of the
parameters obtained in the PvSyst software was
considered for its application. Among the parameters
or variables entered, the following are detailed:

1) Name of scenarios;

2) Yields;

3) Annual production;

4) Specific production;
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5) Inverter power;

6) Solar Fraction;

7) Energy used;

8) Design Power;

9) Number of modules;

The purpose is to determine a convenient
location to install the renewable energy plant [57],
considering that it must meet the characteristics of a
SEP [10]. In our case, the objective function is
performed seeking to maximize the weighted sum of
the yields [58].

The restrictions are related to the variables with
the previously obtained values, remembering that
they must not be negative and must be less than or
equal to unity [59].

The optimization function "Particle Swarm" or
"particleswarm" is called, which, through iterations
and loops, searches for an optimal solution between
several candidates.

The graph presented in Figure 5, uses as example
the objective function sine(x)+cos(x) with domain
between -5 and 5, with 50 particles and 100
iterations. The values adopted for the constants are:
0.8 for v, while o and  have a value of 2.

Particle Swarm Method

DRSS,
DRI

XX

(/

OB
R

R RS

Fig. 5. Particle swarm applied to the objective
function sine(x)+cosine. Source: Author

2.11 Softwares used in the study scenarios
1)Digsilent Power Factory application. - The
development of computational software has allowed
a more efficient study, planning and decision making
regarding the operation of the electrical sector [60].

DigsSilent Power Factory allows the modeling
and simulation of an electrical system to be
subsequently evaluated in various conditions to
those that can be exposed such as power flows in
steady state, fault analysis, coordination of
protections, dynamic modeling, contingencies,
among others [61],[62].

The use of this software for decision making at
the electrical level has been implemented by both
private and state companies such as the National
Energy Center Corporation (Cenace) and the
business entity Transelectric, in charge of energy
transmission in the country [63].
2)Analysis of the solar potential-PVSYST. - this
software is used in the study of the irradiance
resource, which allows analyzing the irradiance

behavior through a database [64] and at the same
time has libraries with real elements that will be used
in a photovoltaic installation [65].

3)Matlab. - Is extensively applied in the study and
design of electrical power systems [66]. For our
purpose, the data obtained were vectorized,
comparing the initial results with those obtained
after our work [67], in turn using the particle swarm
algorithm, determines the optimal scenarios [68].

3. PV CURVE, POWER FLOW AND
PHOTOVOLTAIC COMPENSATION
SYSTEM

3.1 Electric power system in the province of
Manabi

This network is conformed by the following

elements:

e 28 busbars;
9 three-winding transformers;
13 two-winding transformers;
10 charging points;
4 three-phase transformer banks.
The network loads are connected at:
Severino;
Chone;
St. Gregory;
Quevedo;
Lodana corners;

e 3 Portoviejo corners;

e 2 Manta.

The study of the effect of these loads will allow
to determine the state of the network, allowing to
analyze and observe the voltage stability by means
of the PV curve.

The one-line diagram representing the electrical
system may be observed in figure 9.

3.2 PV Curve

The PV curve represents the maximum load that
can be placed on a bus or line without a voltage drop,
which leads to voltage instability [69].

The behavior of the voltage can be observed in
relation to the variation of the active power in the
network [62]. The critical or collapse point occurs
when increasing the power demand, the voltages
decrease rapidly because of the requirement of an
infinite amount of reactive power [70].

Figure 6 indicates that power systems should
ideally operate in the upper part of the PV curve, at
which point the system appears to be statically and
dynamically steady [71].

For the study, using Digsilent software, an
independent curve is obtained for each bus, allowing
the identification of the collapse point and thus the
most critical bus of the system, which will be
intervened by distributed generation [73].
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3.3 Power flow and voltage stability

Through the use of the power flow we can define
the voltage instability [74], observing the graph
proposed in Figure 7.

Bus 1 Bus 2
V1 Ve
Generator ‘ Tronsmission Line ‘ Load
Pg.Qq Ploss,Qloss, jXlt PLGL

Fig. 7. Two-bar system

The voltage V2, in relation to the required power
is determined as follows:

2 (5)

Where V; is voltage at bus 1; V, is voltage at bus
2. P, is active power required by load; @, is reactive
power requiered by load; X;; is reactance of the
transmission line.

The respective system of equations representing
the power balance may be determined. It should be
remembered that the system of equations is actually
nonlinear, because the voltage V2 is internally
expressed quadratically.

{PgiPl+Ploss ©)
Qg - Ql + Qloss

Where F, is active power produced; P; is active
power required by load; Py, is active power loss in
the transmission line; Q, is produced reactive power;
Q, is reactive power required by load; Qss iS
reactive power loss in the transmission line.

For solving this type of problem, the Newton-

Raphson method [75] is used, which indicates:
ap P

AP] _ |35 av|[AS
[AQ ~oe 2e [AV ()
a8 av

v \/(V12_ZQlet)iJVf_‘l'QletVlz_4P12Xlt
2

Where [ﬁg] is vector of power variation, denoted
ap P
las av| ; ; . [AS
APot; %0 00 is Jacobian matrix, denoted J; [AV
a5 av
is voltage stability matrix.

For determining the voltage variation, it is
necessary to clear the voltage stability matrix:

AV = J~'APot (8)

Where AV is voltage variation; /=1 is inverted
Jacobian matrix; APot is power variation.

It must be remembered that, if the determinant of
the Jacobian is zero, mathematically the matrix has
no inverse and therefore in terms of power flow, it
ceases to exist [76].

From the power system analysis point of view, it
shows that the losses in the transmission line are
excessively high and there is not enough generation
to transfer energy.

3.4 Dimensioning of the photovoltaic
compensation system

Manabi province bases its generation exclusively
on thermal power plants, by the public company
according to data obtained by ARCERNNR [77];
however, since it is a point of high demand, another
photovoltaic project is being planned in this
province, such as "El Aromo™ [78].

The canton of Chone counts with four
substations (S/E), which are mainly for distribution
and transmission [77], the energy demand and the
lack of generation at this point produce the stability
problems analyzed by the authors Santillan and Pefia
[79].

Most of the distribution system in Ecuador is
under the administration of the National Electricity
Corporation, a state-owned company, abbreviated
CNEL-EP, and subdivides its concession areas into
business entities; the S/Es in the Chone canton are:
Sesme of 69/34.5 kV , administered by the business
entity CNEL-EP Santo Domingo, the S/E Chone and
S/E Chone Subtransmision both of 69/13.8 kV which
respond to CNEL-EP Manabi and the S/E Severino
of 69/13.8kV which is of private financing [34].

In Figure 8, the arrangement of the substations in
the canton Chone is presented and in Table 2. Chone

PEDERNA
a E WALE
=

AN VICENTE

L S/E Sesme

g CHONE
S/E Chune;
( H“‘l'; : . BUEN
g yS/EChaes T s Es e

Fig. 8. Substations location located in Chone. Source:
Geoportal

v
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ST* is Chone subtransmision. The geographic
location of the substations or busbars considered for
the analysis is presented in detail.

Table 2. Location of study sites.

sub-transmission bus is the 69 kV Chone bus, which
has a voltage of 0.595 p.u. and supplies a power of
639.006 MW. It is interesting to note that at 69 kV
the next critical bus is the 69 kV Portoviejo bus with
a value of 0.834 p.u. and a power of 639.006 MW. It

Sesme Chone  Chone ST* Severino should be noted that the 138 kV Chone bus also
Latitude  -051 °S 2070°S 074°S 79 -5 Presentsa critical vqltage of 0.602 p.u, making the
Longitide  -80.04°'W _ 79.04°'W -8011°W 7994 °W eity of Chone a cons_lderal_)Ie _study point. _
= : : i . The values obtained indicate that at this point
Altitude 176 m 12m 56 m 482 m

there is a surplus of active power demanded, so it is

4. ANALYSIS AND RESULTS

4.1 Manabi electric system and PV curve

The one-line diagram of the Manabi electrical
system used for the analysis is presented in Figure 9.

Comparing the results obtained by the authors
Santillan and Pefia [79], which represented the
starting point for this study; observing table 3, the 5
buses with the lowest critical values, we have the
following.

Table 3. Results obtained from the PV curve by data

export
Bus Power drop p.u Power MW
Chone 69 kv 0.595 639.006
Chone 138 kV 0.602 639.006
Portoviejo 69  kV 0.834 639.006
Montecristi 138 kV 0.894 639.006
St. Gregory 69 kV 0.897 638.928

The figure 10 indicates that the criticality is
focused on the 69 kV Chone bus, the most critical

pUS 13

l SEOOE B0

necessary to locate generation to compensate the
system and stabilize the voltage drop.

Using the data exported through the trend curve
option, we can determine the equation of the PV
curve of the 69 kV Chone bus, which is a quadratic
equation of fourth degree as can be seen in figure 11.

pu= —2e " ITMW*+ 2¢e 8MW3 —

8e *MW? — 0.0006MW + 1.0983 9)

Where p.u is voltage per unit; MW is the power
demanded by the network.

This equation must be determined in order to
obtain the power variation to design the photovoltaic
system. Based on the work of the authors Li and
Dong, using equation 10, the power variation is
determined [80], [81].

Performing the respective clearing and
evaluation of the equation in 0.9 p.u, the power point
of 453.339 MW is reached.

(10)

Preq = Perit — Pevar

By, = 639.006 — 453.339
Beq = 185.667 MW
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CPCRIOVELD
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Fig. 9. Electrical system of the province of Manabi
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Fig. 11. PV Curve of the 69 kV Chone Bus

Where P, is required power; P, is critical or
maximum voltage unsteady power; P,,, IS
evaluated power. For our case study 0.9 or higher.

The critical curve, in this case the 69 kV Chone
Bus, is presented in Figure 11:

Analysis results in a variation of 185.667 MW, it
is possible to choose a range between 1.2 and even
1.5 of generation surplus, considering that this raises

the cost of the installation [82]; for our case a range
of 25% will be considered, therefore, the cost of the
installation will be higher [83]:

Py = 1.25 % (Preg) (11)
B, = 1.25 + 185.667 MW
P,, = 232.084 [MW]
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Where B,,, is photovoltaic Power and B, is required
power.

Assuming a unitary power factor with a purely
resistive load, it is possible to move the critical
power to 862.316 MW with a voltage value of 0.761
p.u., this value is obtained due to the little or almost
null presence of reactive power, representing the
reactive generation a fundamental part of the
generation.

Nowadays power inverters have adaptive power
factor functions, which can be configured by a
trained user in order to manipulate the reactive
injection in the network, this is due to its topology
similar to the static reactive generators or SVG [84].
Two scenarios may be observed in Figure 12, it is
necessary to evaluate the critical point of collapse in
the “corrected" scenario by inserting the
photovoltaic plant, where it is noticeable that the
initial analysis point at 639.006 MW has a value of
0.595 p.u to 0.930 p.u, therefore the PV curve has
been taken to a stable operating point in the case of
the 69 kV Chone busbar.

It should be pointed out that the analysis of
reactive compensation goes far beyond the scope of

this study and will remain as future research to
complement this article.

4.2 Photovoltaic power plant

Using the data obtained in Digsilent Power
Factory, we proceeded to perform the photovoltaic
dimensioning, using the same type of field and
control equipment to observe the annual irradiance
in the different geographical locations of Chone,
with the results shown in Table 4.

For equipment selection, the criterion of
minimizing the number of equipment to be installed
were used, and those that fulfilled this requirement
selected. It should be noted that the selection was
made using the criterion of stationary panels at 8° in
which the software reduced the losses to the
maximum.

In Table 5, the results of the losses and the energy
generated by each solar photovoltaic park are
detailed.

The different geographic scenarios show the
difference in production between the different
points, resulting in a higher production in the Chone
bar, product of the irradiance levels in its location.

Table 4. Summary of elements used in the photovoltaic solar park

Sesme Chone Chone ST* Severino
Installed peak power MWp 232.1 232.1 232.1 232.1
Inverter rated power MWca 178.7 178.7 177.8 178.7
Modules number JKM585M-7RL4-V  JKM585M-7RL4-V JKM585M-7RL4-V  JKM585M-7RL4-V
Number of PV modules 396725 396725 396725 396725
Inverters Model Sunway Skid 8000-  Sunway Skid 8000- Sunway Skid 8000-  Sunway Skid 8000-
620 620 620 620
Inverters Number 26 23 26

PV curve comparison
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Fig. 12. Comparison of results at the 69 kV Chone Bus Station
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Table 5. Results of production obtained in the four geographic scenarios

Sesme Chone Chone ST* Severino
Produced energy 298207806 300039575 290432517 291700756
Utilized energy 1301163096 1301163096 1301163096 1301163096
Specific production 1285 1293 1251 1257
Yield ratio % 80.43 80.41 78.18 80.97
Solar fraction % 22.52 22.69 21.99 21.89

Subsequently, the energy used remains
theoretically the same because of the number of
panels that conform the photovoltaic array and the
equipment to be used.

The specific production of the plant is associated
with the energy produced over the theoretical power
at which it is dimensioned. The most important result
obtained is the yield ratio, in which Severino's bar,
according to their characteristics (location and
irradiance), has a performance slightly higher than
the one of the array under study.

Analysis is essential to visualize, as shown in
Figure 13, The difference between monthly
production during a year, with production peaks in
the months of March, April and May, totally
opposite to low production months such as August,

September and October.
Normalized productions (per installed kWp)
7

1 1 1 1 I | ) 1 1 I
Le: Collechon Loss (PV-aray I0$5e8) 0.8 kWhkWp/day
Ls: System Loss (inverter, ...} 0.06 KWhikWp/day

eful energy (inverter output) 3.54 kWhikWip/day

@™

MNormalised Encrgy [ EWh/AWp/day]
I

Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Fig. 13. Results of the Chone bar, which has
the highest production of the scenarios
analyzed

Performance Ratio PR

1 T 1 1 1 1 1 T 1 T 1
- PR: Performance Ratio (Y1/Yr): 0.804

Perfisrmance Hatwo PR

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 14. System yield For Chone Bus Bar

Furthermore, Figure 14 shows the equity in
yields during the months of the year for the Chone
busbar

Although the highest energy production levels in
all scenarios are in April and the lowest level is in
September for Chone, Chone de Subtransmision and
Sesme, but in the case of the Severino substation it
is in October.

The energy production results for the Chone sub-
transmission busbar are shown in Figure 15.

Normalized productions (per installed kWp)

T T T T T T T T T T

Lc: Collection Loss (PV-array losses) 0.9 kWh/kWp/day
Ls: System Loss (inverter, ...) 0.06 kWh/kWhp/day 7
eful energy (inverter output) 3.43 kWh/kWp/day N

Normalized Energy [kWh/kWp/day|

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 15. Results of the Chone sub-
transmission bus

Observing Figure 16, it becomes apparent that
the system performance in this scenario is below
0.80, signifying its classification as the least

favorable scenario.
Performance Ratio PR

| i I 1 T I |
I rr: Perormance Ratio (Yf/Yr): 0.782

Performance Ratio PR

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 16. Results of the Chone sub-
transmission busbar

The results for the Sesme busbar are shown in
Figure 17. In general terms, the Sesme busbar is the
second ideal location for the implementation of the
photovoltaic plant.
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Normalized productions (per installed kWp)
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Fig. 17. Energy production results of the
Sesme busbar

Figure 18 shows that the average yield for the
Sesme bar is above 0.80 and shows a better balance
in terms of monthly yield.

In Figure 19 we can appreciate the Severino
busbar scenario, which represents through the
particle swarm algorithm was determined to be the
best option for the implementation of the
photovoltaic park.

Performance Ratio PR
12

1.1

10f
09f

—
- -

R: Performance Ratio (Yf/Yr): 0.805

Performance Ratio PR

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 18. Sesme busbar performance results
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Yf. Produci eful energy (inverter output) 3.44 kWh/kWpiday
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Fig. 19. Energy production results of the
Severino busbar

As shown in Figure 20, the performance of the
Severino scenario is superior to the other scenarios
evaluated; therefore, the algorithm used indicates it

as the best option for the implementation of the

photovoltaic park.
Performance Ratio PR

| | | | | | | | | | E
11 [l PR performance Ratio (vf/ v : 0.800 :

Performance Ratio PR

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 20. Severino busbar performance results

Regarding the design, within the solar
photovoltaic park there are variants ranging from
0.440kV to 13.8kV systems and its subsequent
conversion to 69kV or directly from 13.8kV to
69KV, it is possible to have up to 20kV at the output
of the inverter according to its model, therefore
having to go through a conversion to 69kV [85], thus
changing our injection point in the one-line diagram
in Figure 21.

Groups or strings of the S/E Chone where the
injection point might change depending on the type
of design to be carried out. Considering the example
of the Bhadla substation in India, substations could
be built for each string or group [86], as shown in
Figure 22, which could inject energy to the required
busbar.

Considering the example of the Bhadla
substation in India, substations could be built for
each string or group [86], as shown in Figure 22,
which could inject energy to the required busbar.

For this, the losses must be considered because
of the transformer sets, calibrating the inverters with
different levels of reactive compensation.

Considering the conductors, traditional copper
can be used or transport technologies such as
blindobars can be implemented [87], which
demonstrate lower losses in terms of voltage drop,
hysteresis and can be easily coupled to the needs of
the PV park [88]. The use of a hybrid copper-
aluminum  transport technology is possible
depending on the design [89].

4.3 Optimal location of the PV solar plant

Using the data entered in terms of performance
and equipment, the algorithm determines that the
optimal site is at the Severino substation. This
confirms the idea that could be generated in the
PvSyst software that this would be the most
profitable site, due to its irradiation characteristics.

The power shown is the design power of the solar
photovoltaic plants. The analysis of the candidates is
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Fig. 21. Groups or strings of the S/E in general form
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Fig. 22. Groups or strings of the S/E Sesme, including transformer for its subsequent transition to 69kV

Optimization ended: relative change in the objective value

over the last OPTIONS.MaxStalllterations iterations is less than OPTIONS.FunctionTolerance.
Scenario Sesme: Yield 80.43, Power 232.10 MW

Scenario Chone: Yield 80.41, Power 232.10 MW

Scenario Severino: Yield 80.97, Power 232.10 MW

Scenario Chone ST: Yield 78.18, Power 232.10 MW

The optimal scenario is: Severino

Fig. 23. Matlab algorithm visualizing the optimal scenario. Severino substation

visualized in the command window, as shown in
Figure 23, when the algorithm is executed.

In graphs 23 and 25, obtained by Matlab, the
iterations performed by the particle swarm algorithm
were obtained. The iterations were kept in a range
between 0 and 22, performing variants from 0 to 21,
however, the proposed humber of iterations was 100,
finding the optimal evaluation result much earlier,
due to the extension of the problem.

The bar graph shown in Figure 24 highlights the
optimal location found with a yield percentage of
80.97%. It is important to highlight that in the same
way there is no difference greater than one unit in
three of the scenarios analyzed, however, being
Chone de Subtransmision the one with the lowest
performance rate, which is 78.18%.

We can visualize in the figure 25 the particle s
warm graph, showing the different scenarios in
comparison to the power, annual production and
performance, where the Severino substation is the
most important.

5. DISCUSSIONS

This article can be divided into three main topics:
the electrical power system, renewable energy
through photovoltaic systems and optimization to
determine the ideal location.

The chosen scenarios were based on substations
of the Manabi electrical system, which, having
different levels of irradiance, gave the results
obtained and can be replicated in other geographical
locations, simulating its network to determine the
lack of generation and the instability of the system,
following the methodology used in this study.

Regarding the electric power system: It was
possible to corroborate the results obtained by
authors Santillan and Pefia concerning the need to
install a power plant in the critical bar of Chone. A
study of the QV curve should be carried out,
analyzing the impact of the power plant on Manabi's
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electric system. Similarly, the study of the insertion
of capacitive and inductive reactors to the network
that were not covered.

The photovoltaic analysis was performed with
the same model of equipment, using the least number
of them, however, the plates or panels used in the
simulation were of monofacial type, but in recent
years bifacial technology has been developed, which
may allow us to save physical space and budget. It is
possible to perform a technical-economic analysis on
the implementation of the solar photovoltaic system,
both monofacial and bifacial, within which
parameters such as the geographic area to be
occupied, cost and investment recovery would enter.

Similar situation of the previous paragraph is
presented with the power inverters, it would be
necessary to redesign the network with these new
elements and make the comparative results taking
the present study as a reference.

Furthermore, it is possible to reduce or increase
our generation margin or surplus, which will allow
us to minimize or maximize among several points:
the number of equipment, project costs, geographic
area of analysis, among others.

Considering the topics addressed in this section,
with one of them focusing on the technical-economic
analysis or evaluation of the equipment to be used,
the possibility of field implementation of the
stability study is opened. This process involves
taking into account the significant economic
investment required for the technical aspect, as well
as other factors such as environmental, legal,
administrative, export, and other relevant aspects.

The execution of the stability study entails a
careful consideration of various aspects. Among
them, the need for a detailed technical-economic
analysis to assess the equipment to be used is
emphasized. This step is crucial, especially given the
magnitude of the economic investment required for
technical implementation. In addition to the financial
perspective,  additional  factors such  as
environmental, legal, administrative, and export
aspects must be taken into account, all of which play
an essential role in the success and viability of the
project. We should also mention that the same
analysis should be applied to the 138 kV Chone
busbar. In our modeling of the Manabi province
network, this bus occupies the second place in terms
of the 'criticality’ of its stability point. It has a voltage
of 0.602 p.u with a collapse power of 639.006 MW.
This situation opens a new case of analysis at another
voltage level. The correction of these issues will
significantly improve the stability of this province. It
would represent a better use of energy transmission.

Based on the previous paragraph, it is important
to mention the importance of the administrative part
of these power plants, in which the timely
management of maintenance will allow taking
preventive actions regarding the preservation of the
Power System components.

Within the field of electrical protections, it is of
vital importance the correct coordination of the

protections in the medium voltage switchgear to be
used in the elevator type substation that is in charge
of delivering the generated energy to the grid.

6. CONCLUSIONS

The present study has demonstrated that it is
possible to insert a power plant or photovoltaic
system in an operating power system, following the
analysis and verification procedures by means of
algorithms, measurements and simulations from
which it has been possible to reach an optimal point
in which it is possible to insert such plant, improving
the stability of the system, when initially it had a
critical power of 639.006 MW at 0.596 p.u, is taken
to a new collapse point of 862.316 MW at 0.761 p.u;
with the insertion of the photovoltaic plant the
previous collapse point of 639.006 MW has a value
of 0.930 p.u, being above 0.9 p.u, therefore the PV
curve has been taken to a more stable operation site
in the case study of the electric system of Manabi.

Based on this point it is possible to make new
designs following the methodology of the present
work of the elevation substations, as mentioned
above, the substations of Chone can take values
ranging from 0.440/13.8 kV and 13.8/69 kV or
directly from 13.8/69kV. The number of strings
proposed by the software indicates that the 20/69kV
connection can be made. It provides several points of
analysis that can cover: insulation coordination,
transformer selection, instrumentation and metering,
protections, grounding systems, etc.

The optimization has several points for its
development that initially can change the variables
by choosing another type of design or equipment,
until using another type of optimization method or
algorithm, which may require other study variables
in the case of simulating new scenarios such as load
points or using multi-objective optimization in the
case of analyzing a specific distribution network.

The design shall depend on the needs or
specifications of the SEP's and also on the budget or
the purchasing or monetary capacity of the
administrator of the power system under study, thus
generating new lines of future research.

Source of funding: The source of funding for this article
is the authors' own funds.

Author contributions: research concept and design,
H.J.S., R.B.; Collection and/or assembly of data H.J.S. ,
R.B.; Data analysis and interpretation, H.J.S. , R.B;
Writing the article, H.J.S. , R.B.; Critical revision of the
article, H.J.S.; Final approval of the article, H.J.S.

Declaration of competing interest: The authors declare
that they have no known competing financial interests or
personal relationships that could have appeared to
influence the work reported in this paper.



10.

11.

DIAGNOSTYKA, Vol. 25, No. 1 (2024) 15
Santillan H, Barzola R: Improving voltage stability in subtransmission through PV curves and critical...

REFERENCES

Deichmann U, Reuter A, Vollmer S, Zhang F. The
relationship between energy intensity and economic
growth: New evidence from a multi-country multi-
sectorial dataset. World Development 2019; 124:
104664.
https://doi.org/10.1016/j.worlddev.2019.104664.
Cosgrove C. Energy consumption in GCC countries.
Power on, power up. 2017 4th IEEE International
Conference on Engineering Technologies and Applied
Sciences (ICETAS) 2017; 1-6.
https://doi.org/10.1109/ICETAS.2017.8277862.

CS Kumar MVM. Performance Evaluation of 50 kW
Solar PV Power Plant Installed in a Technical
Institution. 2021  International ~ Conference on
Communication, Control and Information Sciences
(ICCISc) 2021; 1-6.
https://doi.org/10.1109/1CC1Sc52257.2021.9484969.
Zhang Q, Wangg M, Wang X, Tian S. Mid-long term
optimal dispatching method of power system with large-
scale wind-photovoltaic-hydro power generation. 2017
IEEE Conference on Energy Internet and Energy System
Integration (E12) 2017 1-6.
https://doi.org/10.1109/E12.2017.8245290.

Annisa R, Jiwandono K, Marteda G, Atmajaya GK,
Sinisuka NI, Dinata IS, et al. Environmental Impact
Assessment of Electricity Production from Combined
Cycle Steam Power Plants with Life Cycle Assessment
Approach Case Study: Muara Karang Power Plant. 2019
2nd International Conference on High Voltage
Engineering and Power Systems (ICHVEPS) 2019;
263-7.
https://doi.org/10.1109/ICHVEPS47643.2019.9011095.
Chuanjun W, Ling W, Xuejing R. General particle
swarm optimization algorithm. 2023 IEEE 2nd
International Conference on Electrical Engineering, Big
Data and Algorithms (EEBDA) 2023; 1204-8.
https://doi.org/10.1109/EEBDA56825.2023.10090725.
Alzakkar A, Vladimirovich MV, Samofalov Y, lldar I,
Valeev |. The impact of electrical interconnection
between countries on the stability of electrical power
systems. 2022 4th International Youth Conference on
Radio Electronics, Electrical and Power Engineering
(REEPE) 2022; 1-6.
https://doi.org/10.1109/REEPE53907.2022.9731442.
IEEE Standard Nomenclature for Generating Station
Electric Power Systems. IEEE 2022.
http://ieeexplore.ieee.org/document/21012/.
Habiburrahman A, Arya LD. Comparison of
Transmission Losses and Voltage Regulation of
Overhead and Gas Insulated Transmission Line. 2020
IEEE International Conference on Advances and
Developments in  Electrical and  Electronics
Engineering (ICADEE) 2020; 1-3.
https://doi.org/10.1109/ICADEE51157.2020.9368950.
Parra P, Cardenas D, Vega N, Valencia E, Solano E.
Feeder Configuration and Coordination of Protections
for an Electric Substation. 2018 IEEE International
Conference on Automation/XXIIl Congress of the
Chilean Association of Automatic Control (ICA-ACCA)
2018; 1-6. https://doi.org/10.1109/ICA-
ACCA.2018.8609758.

Cui T, Shen Y, Hu Z, Song J, Guo H, Wang X.
Retracted: Voltage Regulation of Synchronous
Condensers and Switching Capacitors in Power Grids
with a UHV DC/AC System. 2018 3rd International
Conference on Smart City and Systems Engineering

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

(ICSCSE) 2018; 552-6.
https://doi.org/10.1109/ICSCSE.2018.00118.

Lima V, Alberto L. Analysis of electric power quality at
the textile company Etiquetex S.A. Universidad de las
fuerzas armadas. Universidad de las Fuerzas Armadas
2022.

Regulation ARCERNNR 002-20 Distribution Quality.
2020.

Arévalo  JPA. Optimization of distribution
networks using evolutionary  algorithms.  Instituto
Tecnologico y de Estudios Superiores de Monterrey
2018.

Mrehel O, Issa AA. Voltage imbalance investigation in
residential LV distribution networks with rooftop PV
system. 2022 IEEE 2nd International Maghreb Meeting
of the Conference on Sciences and Techniques of
Automatic Control and Computer Engineering (MI-
STA). Sabratha, Libya: IEEE 2022; 655-62.
https://ieeexplore.ieee.org/document/9837602/
Hatziargyriou N, Milanovic J, Rahmann C, Ajjarapu V,
Canizares C, Erlich I. Definition and Classification of
Power System Stability — Revisited & Extended. IEEE
Trans Power Syst 2021; 36(4): 3271-81.

Shair J, Li H, Hu J, Xie X. Power system stability issues,
classifications and research prospects in the context of
high-penetration of renewables and power electronics.
Renewable and Sustainable Energy
Reviews 2021; 145: 111111.
https://doi.org/10.1016/j.rser.2021.111111.

Kamble P, Kamble SS. Voltage Stability Using
STATCOM During Sudden Increase in Load Demand.
2018 IEEE International Conference on System,
Computation, Automation and Networking (ICSCAN)
2018; 1-5.
https://doi.org/10.1109/ICSCAN.2018.8541256.
Magadum RB, Chitragar NR, Dodamani SN,
Gopikrishna PV. Impact on Voltage Stability With
Integration of Multiple STATCOM at Different Loading
Conditions. 2020 5th International Conference on
Devices, Circuits and Systems (ICDCS). Coimbatore,
India: IEEE 2020; 321-5.
https://ieeexplore.ieee.org/document/9075744/.

Wu AY. MV Generator Ground fault arcing power
damage assessment. 2017 Annual Pulp, Paper And
Forest Industries Technical Conference (PPFIC)
2017; 1-4.
https://doi.org/10.1109/PP1C.2017.8003860.
Benzaquen J, Rengifo J, Albanez E, Aller J. Parameter
Estimation for Deep-Bar Induction Machines Using
Instantaneous Stator Measurements From a Direct
Startup. IEEE Transactions on Energy Conversion
2017; 1-1. https://doi.org/10.1109/TEC.2017.2657647.
Adebayo IG, Sun Y. Performance Evaluation of VVoltage
Stability Indices for a Static Voltage Collapse
Prediction. 2020 IEEE PES/IAS PowerAfrica 2020 p. 1
5. https://doi.org/10.1109/PowerAfrica49420.2020.9219832.
Manirakiza JF, Ekwue AO. Technical Losses Reduction
Strategies in a Transmission Network. 2019
IEEE AFRICON 2019; 1-5.
https://doi.org/10.1109/AFRICON46755.2019.9133886.
AL Rhia R, Daghrour H, Alsamara M. Optimal Location
of Distributed Generation and its Impacts on Voltage
Stability. 2021 12th  International = Renewable
Engineering Conference (IREC). Amman, Jordan:
IEEE 2021; 1-6.
https://ieeexplore.ieee.org/document/9427838/.

Robak S, Gryszpanowicz K. Rotor angle small signal
stability assessment in transmission network expansion
planning. Electr Power Syst Res. 2015; 128: 144-50.



https://doi.org/10.1016/j.worlddev.2019.104664
https://doi.org/10.1109/ICETAS.2017.8277862
https://doi.org/10.1109/ICCISc52257.2021.9484969
https://doi.org/10.1109/EI2.2017.8245290
https://doi.org/10.1109/ICHVEPS47643.2019.9011095
https://doi.org/10.1109/EEBDA56825.2023.10090725
https://doi.org/10.1109/REEPE53907.2022.9731442
http://ieeexplore.ieee.org/document/21012/
https://doi.org/10.1109/ICADEE51157.2020.9368950
https://doi.org/10.1109/ICA-ACCA.2018.8609758
https://doi.org/10.1109/ICA-ACCA.2018.8609758
https://doi.org/10.1109/ICSCSE.2018.00118
https://ieeexplore.ieee.org/document/9837602/
https://doi.org/10.1016/j.rser.2021.111111
https://doi.org/10.1109/ICSCAN.2018.8541256
https://ieeexplore.ieee.org/document/9075744/
https://doi.org/10.1109/PPIC.2017.8003860
https://doi.org/10.1109/TEC.2017.2657647
https://doi.org/10.1109/PowerAfrica49420.2020.9219832
https://doi.org/10.1109/AFRICON46755.2019.9133886
https://ieeexplore.ieee.org/document/9427838/

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

16 DIAGNOSTYKA, Vol. 25, No. 1 (2024)
Santillan H, Barzola R: Improving voltage stability in subtransmission through PV curves and critical ...

Liu L, LiY, Cao Y, Liu F, Wang W, Zuo J. Transient
Rotor Angle Stability Prediction Based on Deep Belief
Network and Long Short-term Memory Network. IFAC-
PapersOnLine 2019; 52(4): 176-81.
https://doi.org/10.1016/j.ifacol.2019.08.175.

Chamorro HR, Yanine FF, Peric V, Diaz-Casas M,
Bressan M, Guerrero JM, et al. Smart Renewable Energy
Communities - Existing and Future Prospects. 2021
IEEE 22nd Workshop on Control and Modelling of
Power  Electronics (COMPEL)  2021; 1-6.
https://doi.org/10.1109/COMPEL52922.2021.9646018.
Gusnanda AF, Sarjiya, Putranto LM. Effect of
Distributed Photovoltaic Generation Installation on
Voltage Profile: A Case Study of Rural Distribution
System in Yogyakarta Indonesia. 2019 International
Conference on Information and Communications
Technology (ICOIACT). Yogyakarta, Indonesia:
IEEE 2019. 750-5.
https://ieeexplore.ieee.org/document/8938534/.

Zhang H, Xia C, Peng P, Chen N, Gao B. Research on
the Voltage Regulation Strategy of Photovoltaic Power
Plant. 2018 China International Conference on
Electricity Distribution (CICED). Tianjin: IEEE 2018;
1620-4. https://ieeexplore.ieee.org/document/8592056/.
Mubarak MS, ELGebaly AE, Allam SM. Assessing the
Effect of Shading on Centralized and Decentralized
Large Scale Stand-alone PV Power Plant Feeding
Industrial Area in Egypt. 2021 22nd International
Middle East Power  Systems  Conference
(MEPCON) 2021; 477-82.
https://doi.org/10.1109/MEPCON50283.2021.9686228.
Pito S. The tax incentives that promote the use of
renewable energies in the development of new
investments in  Ecuador,” Spanish. Pontificia
universidad catolica del Ecuador 2016.

Duran EF. Distributed Generation: Challenges facing the
Legal Framework of the Ecuadorian Electricity Market.
Spanish, Rev Téc Energ. 2014; 10(1).
http://revistaenergia.cenace.gob.ec/index.php/cenace/art
icle/view/95.

Ramirez JD, Cabezas K, Jiménez P, Canelos R, Escobar
B. Calculation of the Voltage Distribution in the
Insulator Strings of a 500 kV Transmission Line Using
the Finite Element Method. Enfoque UTE. 2020; 11(3):
1-14.

Valencia M, Jara F, Jiménez JC, Moreno A, Manzano L,
Canizares P. DIRECTION OF ANALYSIS AND
ELECTRICITY PROSPECTIVE General Coordinator
of the Electricity Master Plan: Rodney Salgado Torres
Work team: Carlos Coronel, Jaime Guerrero, Jorge
Mendieta, Gina Moreta, Alex Posso, Pablo Rosero, Ivan
Velastegui.

Manzano M. Current situation of the Ecuadorian
electricity sector and its challenges. Universidad Andina
Simoén Bolivar 2022.

Di Martire D, Confuorto P, Frezza A, Ramondini M,
Lopez AV, Pia Del Rosso M, et al. X- and C-band SAR
data to monitoring ground deformations and slow-
moving landslides for the 2016 Manta and Portoviejo
earthquake (Manabi, Ecuador). 2018 IEEE International
Conference on Environmental
Engineering (EE) 2018; 1-6.
https://doi.org/10.1109/EE1.2018.8385258.

Bravo JJP. Diagnosis of electric distribution substations
in Manabi before and after the earthquake of April 16,
2016. Universidad Laica Eloy Alfaro de Manabi 2016.
Solis Intriago C. Optimal Planning of Primary Feeders
in Underground Distribution Networks using Heuristic
Algorithms. Revista Técnica Energia 2021; 17: 1-7.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

https://doi.org/10.37116/REVISTAENERGIA.V17.N2.
2021.421.

Krechel T, Sanchez F, Gonzalez-Longatt F, Chamorro
HR, Rueda JL. A Transmission System Friendly Micro-
grid:  Optimising Active Power Losses. 2019
IEEE Milan PowerTech 2019; 1-6.
https://doi.org/10.1109/PTC.2019.8810894.

Sultan HM, Kuznetsov ON, Diab AAZ. Site selection of
large-scale grid-connected solar PV system in Egypt.
2018 IEEE Conference of Russian Young Researchers
in Electrical and Electronic Engineering
(EIConRus) 2018; 813-8.
https://doi.org/10.1109/EIConRus.2018.8317214.
Rocha A, Loépez-Lopez PC, Salgado-Guerrero JP,
editors. Communication, Smart Technologies and
Innovation for Society: Proceedings of CITIS 2021.
Smart Innovation, Systems and Technologies 2022;
252. https://link.springer.com/10.1007/978-981-16-
4126-8

Moufid I, EL Moussaoui H, EI markhi H, Lamhamdi T.
Distribution Network Reconfiguration for Power Loss
minimization Using Soft Open Point. 2020 Global
Congress on Electrical Engineering (GC-ElecEng) 2020
p. 38-42. https://doi.org/10.23919/GC-
ElecEng48342.2020.9286283.
Lima FN, Santos MM, Benetti MA, Milke T, Sperandio
M. Power Distribution Network Reconfiguration
Considering the Transmission System Usage. IEEE
Latin America Transactions 2021; 19(12): 2113-21.
https://doi.org/10.1109/TLA.2021.9480154.

Li Z, Wu W, Zhang B, Tai X. Analytical Reliability
Assessment Method for Complex Distribution Networks
Considering Post-Fault Network Reconfiguration. IEEE
Transactions on Power Systems 2020; 35(2): 1457-67.
https://doi.org/10.1109/TPWRS.2019.2936543.
Lepistd J, Heine P. PREDICTION OF PRIMARY
SUBSTATION DEMANDS WITH EV CHARGING IN
URBAN CITY ENVIRONMENT: CASE STUDY
HELSINKI. 2021: 2401-5.
https://doi.org/10.1049/icp.2021.1881.

Habibie AS, Ridwan M, Jintaka DR. Study of Power
Quality Problems for Improving the Quality of
Electricity in Java: Case Study of East Java Regional
Industry Customers with Power Greater Than 30 MVA.
2021 3rd International Conference on High Voltage
Engineering and Power Systems (ICHVEPS)
2021; 640-4.
https://doi.org/10.1109/ICHVEPS53178.2021.9601084.
Chae W, Kim J, Cho J, Park J. Optimal interconnection
device for distributed energy resources of customer.
2012 3rd IEEE International Symposium on Power
Electronics for Distributed Generation Systems
(PEDG) 2012; 878-82.
https://doi.org/10.1109/PEDG.2012.6254104.

Ming WL, Jun L. Study on loss allocation of power
distribution network with distributed generation. The
2nd International Symposium on Power Electronics for
Distributed Generation Systems 2010 p. 678-80.
https://doi.org/10.1109/PEDG.2010.5545823.

Negi A, Kumar A. Long-term Electricity Demand
Scenarios for India: Implications of Energy Efficiency.
2018 International Conference on Power Energy,
Environment and Intelligent Control (PEEIC) 2018 p.
462-7.

https://doi.org/10.1109/PEEIC.2018.8665452.

Li C, Li Z, Wang K, Deng C. Voltage stability control
method of sending-end power grid based on combination
of photovoltaic and storage. 2022 Power System and



https://doi.org/10.1016/j.ifacol.2019.08.175
https://doi.org/10.1109/COMPEL52922.2021.9646018
https://ieeexplore.ieee.org/document/8938534/
https://ieeexplore.ieee.org/document/8592056/
https://doi.org/10.1109/MEPCON50283.2021.9686228
http://revistaenergia.cenace.gob.ec/index.php/cenace/article/view/95
http://revistaenergia.cenace.gob.ec/index.php/cenace/article/view/95
https://doi.org/10.1109/EE1.2018.8385258
https://doi.org/10.37116/REVISTAENERGIA.V17.N2.2021.421
https://doi.org/10.37116/REVISTAENERGIA.V17.N2.2021.421
https://doi.org/10.1109/PTC.2019.8810894
https://doi.org/10.1109/EIConRus.2018.8317214
https://link.springer.com/10.1007/978-981-16-4126-8
https://link.springer.com/10.1007/978-981-16-4126-8
https://doi.org/10.23919/GC-ElecEng48342.2020.9286283
https://doi.org/10.23919/GC-ElecEng48342.2020.9286283
https://doi.org/10.1109/TLA.2021.9480154
https://doi.org/10.1109/TPWRS.2019.2936543
https://doi.org/10.1049/icp.2021.1881
https://doi.org/10.1109/ICHVEPS53178.2021.9601084
https://doi.org/10.1109/PEDG.2012.6254104
https://doi.org/10.1109/PEDG.2010.5545823
https://doi.org/10.1109/PEEIC.2018.8665452

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

DIAGNOSTYKA, Vol. 25, No. 1 (2024) 17
Santillan H, Barzola R: Improving voltage stability in subtransmission through PV curves and critical...

Green Energy Conference (PSGEC) 2022; 1205-9.
https://doi.org/10.1109/PSGEC54663.2022.9881199.
Samy MM, Barakat S. Hybrid Invasive Weed
optimization - Particle Swarm optimization Algorithm
for Biomass/PV Micro-grid Power System. 2019 21st
International Middle East Power Systems Conference
(MEPCON) 2019; 377-82.
https://doi.org/10.1109/MEPCON47431.2019.9008156.
Zhao Z, Gao H, Liu Y. Chaotic particle swarm
optimization for FIR filter design. 2011 International
Conference on Electrical and Control Engineering
2011, 2058-61.
https://doi.org/10.1109/ICECENG.2011.6057672.
Xiaojing Y, Qingju J, Xinke L. Center Particle Swarm
Optimization Algorithm. 2019 IEEE 3rd Information
Technology, Networking, Electronic and Automation
Control Conference (ITNEC) 2019; 2084-7.
https://doi.org/10.1109/ITNEC.2019.8729510.

Sho H. Particle multi-swarm optimization: A proposal of
multiple particle swarm optimizers with information
sharing. 2017 IEEE 10th International Workshop on
Computational Intelligence and
Applications (IWCIA) 2017; 109-14.
https://doi.org/10.1109/IWCIA.2017.8203570.

Munlin M, Anantathanavit M. New social-based radius
particle swarm optimization. 2017 12th IEEE
Conference on Industrial Electronics and Applications
(ICIEA). IEEE 2017; 838-43.
http://ieeexplore.ieee.org/document/8282956/.
Engelbrecht AP. Particle Swarm Optimization: Iteration
Strategies Revisited. 2013 BRICS Congress on
Computational Intelligence and 11th Brazilian Congress
on Computational Intelligence 2013 p. 119-
23. https://doi.org/10.1109/BRICS-CCI-CBIC.2013.30.
Sakti IP, Setiawan EA. Optimal Single Location and
Capacity of Solar Power Plants for Island Electricity
Charging Systems in Grid Timor East Nusa Tenggara
Indonesia. 2021 4th International Conference on Energy,
Electrical and Power Engineering (CEEPE) 2021; 587—
92.
https://doi.org/10.1109/CEEPE51765.2021.9475719.
Hakiim RF, Wardaniawan, Afrina VR, Putranto LM,
Tiyono. Optimal PV Farm Size and Location
Determination in Kudus Distribution System Using
Particle Swarm Optimization (PSO). 2020 International
Conference on Sustainable Energy Engineering and
Application (ICSEEA). Tangerang,
Indonesia: IEEE 2020; 1-6.
https://ieeexplore.ieee.org/document/9306125/.

Zhuo L, Cheng Z, Wang Y, Liu L. Design of Vehicle
Trajectory Optimization Based on Multiple-Shooting
method and Modified Particle Swarm Optimization.
2018 37th Chinese Control Conference (CCC).
Wouhan: IEEE 2018; 4649-54.
https://ieeexplore.ieee.org/document/8483741/.
Chamba S, Vargas W, Echeverria D, Rioftrio J. Primary
Frequency Regulation Using Energy Storage Systems
with Batteries in the Ecuadorian Electric System. Rev
Téc Energ. 2022; 19(1): 13-21.

Nufiez J, Cepeda J, Salazar G. Technical Comparison
between  Power System  Simulation Programs
DIgSILENT PowerFactory and PSS/E. Spanish, Rev
Téc Energ 2015; 11(1).
http://revistaenergia.cenace.gob.ec/index.php/cenace/art
icle/view/68.

Manjul N, Rawat MS. PV/QV Curve based Optimal
Placement of Static Var System in Power Network using
DigSilent Power Factory. 2018 IEEE 8th Power India

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

International Conference (PIICON) 2018 p. 1-6.
https://doi.org/10.1109/POWERI.2018.8704441.
Barrera-Singafia C, Porras-Ortiz AF, Valenzuela A,
Arcos H, Pavon W. Minimization of Active Power
Losses in a Multi-Terminal HVDC Grid: Alternative
Approach Using Meta-Heuristics Algorithms. 2022
IEEE Global Conference on Computing, Power and
Communication Technologies (GlobConPT) 2022 p. 1-
6. https://doi.org/10.1109/GlobConPT57482.2022.
9938322,

Tallab R, Malek A. Predict system efficiency of 1 MWc
photovoltaic power plant interconnected to the
distribution network using PVSYST software. 2015 3rd
International Renewable and Sustainable Energy
Conference (IRSEC) 2015; 1-4.
https://doi.org/10.1109/IRSEC.2015.7454973.
Kandasamy CP, Prabu P, Niruba K. Solar potential
assessment using PVSYST software. 2013 International
Conference on Green Computing, Communication and
Conservation of Energy (ICGCE) 2013;667-72.
https://doi.org/10.1109/ICGCE.2013.6823519.
Malakani Al, Handoko Arthanto D, Dwi Wicaksono
BG, Purwadi A. Study and Design of Off-Grid PV
Power System in Pirien, Asmat Regency, Papua
Province using MATLAB/SIMULINK. 2019 2nd
International Conference on High Voltage Engineering
and Power Systems (ICHVEPS). Denpasar, Bali,
Indonesia: IEEE 2019; 339-43.
https://ieeexplore.ieee.org/document/9011048/.

Kudal S, Ankaliki S, Sunagar K, Puthran V.
Comparative performance analysis of power systems.
2016 International Conference on  Electrical,
Electronics, Communication, Computer and
Optimization Techniques (ICEECCOT) 2016; 83-8.
https://doi.org/10.1109/ICEECCOT.2016.7955190.
Zhou X, Zhang B, Ma Y. Comparison and Simulation of
Particle Swarm Optimization and Lagrange Multiplier
Method. 2019 Chinese Control And Decision
Conference (CCDC) 2019; 1210-3.
https://doi.org/10.1109/CCDC.2019.8832633.
Guimaries P, Fernandez U, Ocariz T, Mohn FW, de
Souza ACZ. QV and PV curves as a planning tool of
analysis. 2011 4th International Conference on Electric
Utility Deregulation and Restructuring and Power
Technologies (DRPT) 2011; 1601-6.
https://doi.org/10.1109/DRPT.2011.5994153.

Sewdien VN, Preece R, Torres JLR, van der Meijden
MAMM. Evaluation of PV and QV based Voltage
Stability Analyses in Converter Dominated Power
Systems. 2018 IEEE PES Asia-Pacific Power and
Energy Engineering Conference (APPEEC). Kota
Kinabalu: IEEE 2018; 161-5.
https://ieeexplore.ieee.org/document/8566421/.

Bujal NR, Hasan AE, Sulaiman M. Analysis of voltage
stability problems in power system. 2014 4th
International Conference on Engineering Technology
and Technopreneuship (ICE2T) 2014 p. 278-83.
https://doi.org/10.1109/ICE2T.2014.7006262.

Rughoo D, Bhujun BS, Ragoopathee K, Dreepaul RK.
Analysis of the power system stability upon integration
of PV system into the national grid of the Island of
Mauritius. 2022 International Conference on Electrical,
Computer, Communications and  Mechatronics
Engineering (ICECCME) 2022 p. 1-5.
https://doi.org/10.1109/ICECCME55909.2022.9988563.
Chimborazo L, Arcos H. Voltage Stability Analysis of
the National Interconnected System - SNI for the Period
2010 - 2013, using the DigSilent PowerFactory Program.
Spanish, Rev Téc Energ 2011; 7(1).



https://doi.org/10.1109/PSGEC54663.2022.9881199
https://doi.org/10.1109/MEPCON47431.2019.9008156
https://doi.org/10.1109/ICECENG.2011.6057672
https://doi.org/10.1109/ITNEC.2019.8729510
https://doi.org/10.1109/IWCIA.2017.8203570
http://ieeexplore.ieee.org/document/8282956/
https://doi.org/10.1109/BRICS-CCI-CBIC.2013.30
https://doi.org/10.1109/CEEPE51765.2021.9475719
https://ieeexplore.ieee.org/document/9306125/
https://ieeexplore.ieee.org/document/8483741/
http://revistaenergia.cenace.gob.ec/index.php/cenace/article/view/68
http://revistaenergia.cenace.gob.ec/index.php/cenace/article/view/68
https://doi.org/10.1109/POWERI.2018.8704441
https://doi.org/10.1109/GlobConPT57482.2022.9938322
https://doi.org/10.1109/GlobConPT57482.2022.9938322
https://doi.org/10.1109/IRSEC.2015.7454973
https://doi.org/10.1109/ICGCE.2013.6823519
https://ieeexplore.ieee.org/document/9011048/
https://doi.org/10.1109/ICEECCOT.2016.7955190
https://doi.org/10.1109/CCDC.2019.8832633
https://doi.org/10.1109/DRPT.2011.5994153
https://ieeexplore.ieee.org/document/8566421/
https://doi.org/10.1109/ICE2T.2014.7006262
https://doi.org/10.1109/ICECCME55909.2022.9988563

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

18 DIAGNOSTYKA, Vol. 25, No. 1 (2024)
Santillan H, Barzola R: Improving voltage stability in subtransmission through PV curves and critical ...

http://revistaenergia.cenace.gob.ec/index.php/cenace/art
icle/view/201

Feng Y, Tylavsky D. A novel method to converge to the
unstable equilibrium point for a two-bus system. 2013
North American Power Symposium (NAPS) 2013; 1-6.
https://doi.org/10.1109/NAPS.2013.6666844.

Aakula JL, Khanduri A, Sharma A. Determining
Reactive Power Levels to Improve Bus Voltages using

PSO. 2020 IEEE 17th India Council International
Conference (INDICON). New Delhi, India. IEEE
2020; 1-7.

https://ieeexplore.ieee.org/document/9342595/.
Henriqgues RM, Passos Filho JA, Taranto GN.
Determining Voltage Control Areas in Large Scale
Power Systems Based on Eigenanalysis of the QV
Sensitivity Matrix. IEEE Lat Am Trans 2021; 19(02):
182-90.

Sisdat. Substations Consolidated
http://sisdat.controlrecursosyenergia.gob.ec/
Echeverria Jurado D, Jaramillo C, Benitez J, Cepeda J,
Arcos H. Analysis of the impact of non-conventional
renewable energies on the long-term operational
planning of the National Interconnected System using
the SimSEE platform. Spanish Rev Téc Energ 2022;
19(1): 42-52.

Santillan H, Pefia R, Morales J. Voltage balance analysis
in a subtransmission system, using QV-PV curves and
modal analysis. Spanish. Revista Ingenio 2021;4(4).
https://doi.org/10.29166/ingenio.v4i2.3165/.

Li SH, Chiang HD. Continuation Power Flow With
Nonlinear Power Injection Variations: A Piecewise
Linear Approximation. IEEE Transactions on Power
Systems 2008; 23(4): 1637-43.
https://doi.org/10.1109/TPWRS.2008.2002294.

Sethi A, Singh S, Singh M. Controlling of consumer end
voltage variation using PV power generation. 2016 7th
India International Conference on Power
Electronics (1ICPE) 2016; 1-6.
https://doi.org/10.1109/11CPE.2016.8079531.

Paternina MA, Villalba LCO, Nuiiez JLI, Lopez RAA.
Prototype design of a solar photovoltaic system
optimizing the tilt angle of the solar panels.Spanish.
2012; 10(1).

Marquina J. Design of a photovoltaic system for power
supply to homes in the district of Sanagoran- Sanchez
Carrion 2017. Universidad César Vallejo 2017.

Han R, Xing L, Zhong M, Yin K, Yang Y. Research on
the Reactive Power Adjusting Ability of PV Inverter and
Demonstration Application of PV Power Plant on Rapid
Reactive Power Regulation. 2020 Asia Energy and
Electrical Engineering Symposium (AEEES). Chengdu,
China: IEEE 2020; 908-13.
https://ieeexplore.ieee.org/document/9121344/.

Dong Y, Li H, Zhang J, Wu F, Ding M. Model of long-
term yield evaluation for PV station. 2019.
https://doi.org/10.1049/cp.2019.0266.

Garg S, Agrawal A, Goyal S, Verma K. Day Ahead Solar
Irradiance Forecasting using Markov Chain Model. 2020
IEEE 17th India Council International Conference
(INDICON). New Delhi, India: IEEE 2020; 1-5.
https://ieeexplore.ieee.org/document/9342446/.

Quispe C, Kemedez J. Improvement of the electrical
power distribution system by implementing a bus duct in
the forum tower building in San lIsidro - Lima 2016.
Spanish. Universidad Nacional tecnolégica de Lima Sur
2017

2023.

88. Almeida C. Prefeasibility study for the manufacture of

89.

blindocable systems at Nexans Colombia S.A. Spanish,
2015.

Jiménez MC, Gaitan V, Nieto D. Blindobarras Ltda.
Spanish.  Colegio de estudios superiores de

administracion 2016.

Hélger Jorge SANTILLAN
was born on 1975 in Milagro,
Ecuador and received the B.Sc.
degree in electrical engineering
Electrical Engineering  with
specialization in electronics
from Escuela Superior
Politécnica del litoral, in 2002.
Msc. electrical specialty
Electrical power systems in
2021, Msc. Telecommunication
in 2019, MBA in 2009. Member
of the Telecommunication Systems Research Group
(GISTEL).

His research interests are in voltage control, reactive
power, stability of electrical systems.

e-mail: holgersantillan@gmail.com

Roosevelt BARZOLA was born
on 1996 in Guayaquil, Ecuador
and received the B.Sc. degree in
electrical engineering from the
Salesian Polytechnic University,
in 2021. Msc. Student in
electrical specialty Electrical
power systems.

His research interests are in
stability of electrical systems,
renewable energy, electrical
protections.

e-mail: rooseveltbarzola96 @hotmail.com



http://revistaenergia.cenace.gob.ec/index.php/cenace/article/view/201
http://revistaenergia.cenace.gob.ec/index.php/cenace/article/view/201
https://doi.org/10.1109/NAPS.2013.6666844
https://ieeexplore.ieee.org/document/9342595/
http://sisdat.controlrecursosyenergia.gob.ec/
https://doi.org/10.29166/ingenio.v4i2.3165/
https://doi.org/10.1109/TPWRS.2008.2002294
https://doi.org/10.1109/IICPE.2016.8079531
https://ieeexplore.ieee.org/document/9121344/
https://doi.org/10.1049/cp.2019.0266
https://ieeexplore.ieee.org/document/9342446/
mailto:holgersantillan@gmail.com
mailto:rooseveltbarzola96@hotmail.com

