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Abstract

In Portoviejo, the current use of electric vehicles (EVs)
is limited compared to conventional vehicles. How-
ever, due to the implementation of laws, regulations,
and policies promoting electric mobility in Ecuador, a
significant increase in the integration of EVs into the
city’s electrical system is anticipated in the coming
years. To anticipate the impact on the electrical infras-
tructure, a simulation is conducted using CYMDIST
software on an electrical distribution feeder oper-
ated by the Public Company Corporaciéon Nacional
de Electricidad (CNEL EP), Manabi Business Unit
(Portoviejo). The simulation considers three scenar-
ios projected for 2030: 1. Baseline scenario without
EV integration, 2. Unrestrained EV integration, and
3. Managed EV integration. This research aims to
simulate the integration of up to 230 EVs into the net-
work to provide benchmark data for understanding
the potential impacts on the feeder as EV adoption
increases, with vehicles being charged over extended
periods. The investigation will highlight the impor-
tance of demand management with EV integration,
demonstratingsignificant effects on the demand curve,
voltage profile, and total harmonic distortion rate
(THD%) of a 13.8 kV distribution feeder.

Keywords: EV, Electric Vehicle, Harmonics, Techni-
cal Losses, Electrical Planning, CYMDIST, Distribu-
tion, CNEL

Resumen

En la ciudad de Portoviejo, actualmente el uso de
vehiculos eléctricos (VE) es limitado en comparacién
con el uso de los convencionales. Sin embargo, de-
bido a la implementacién de leyes, reglamentos y
regulaciones que impulsan la movilidad eléctrica en
el Ecuador, se espera que en los préximos anos se
produzca un ingreso considerable de esta carga (VE)
en el sistema eléctrico de la ciudad. En este sentido,
para determinar probables afectaciones a producirse
en el sistema eléctrico en el futuro, se realiza la simu-
lacién en el software CYMDIST de un alimentador de
distribucion eléctrico de la Empresa Publica Corpo-
racién Nacional de Electricidad CNEL EP Unidad de
Negocio Manabi (Portoviejo), considerando tres esce-
narios de andlisis proyectados al afio 2030 como son: 1.
Caso base sin ingreso de VE, 2. Ingreso no controlado
de VE y 3. Ingreso controlado de VE. El presente
trabajo simula el ingreso de hasta 230 vehiculos en
la red, puesto que, el objetivo del estudio es tomar
datos referenciales para conocer la posible afectacién
en el alimentador cuando los VE se conecten de forma
masiva y se carguen prolongadamente. Al final del
estudio se comprobara la importancia de la gestién de
la demanda cuando se produzca el ingreso de vehicu-
los eléctricos, el cual refleja resultados importantes
en la curva de demanda, perfil de voltaje y tasa de
distorsién arménica THD % de un alimentador de
distribucién a 13,8 kV.

Palabras clave: VE, vehiculo eléctrico, armoénicos,
pérdidas técnicas, planificacién eléctrica, CYMDIST,
distribucién, CNEL
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1. Introduction

The global commitment to significantly reduce car-
bon emissions in the short term has driven the devel-
opment of environmentally sustainable technologies,
such as electric vehicles (EVs) [1]. Consequently, in re-
cent years, the adoption of this technology has spread
worldwide in response to the urgent need to reduce
environmental pollutant emissions [2].

Considering that the use of electric vehicles con-
tributes to environmental conservation, it is necessary
to analyze the impact that charging this new tech-
nology may have on electrical distribution networks.
According to [3] and [4], since these loads are modeled
and behave as nonlinear, they could have a consider-
able negative impact on power quality (including volt-
age, imbalance levels, and harmonics), altering these
electrical parameters under different load conditions.

Moreover, it is anticipated that the uncontrolled
increase in loads due to the integration of EVs will
directly impact the electrical infrastructure of the dis-
tribution company, owing to the potential rise in de-
mand [5].

Electric vehicles (EVs) are characterized by the use
of an electric traction motor for vehicle propulsion [6].
The energy required to drive this motor is stored in
batteries, which are typically charged from an external
power source [7].

Typically, EVs use lithium-ion batteries due to their
advantages over other technologies, including higher
efficiency, low maintenance costs, and lightweight prop-
erties. These characteristics make them particularly
attractive for use in electric vehicles [8].

While batteries are considered the primary energy
source for EVs; this study will focus on the impact
these devices will have on electrical networks rather
than on the batteries themselves.

The introduction of electric vehicles into the mar-
ket will result in significant variations in energy and
power demand [9]. This will impact electrical networks,
presenting a major challenge for distribution compa-
nies. They must ensure the continuity of service to
their customers while accommodating the increasing
power and energy demand.

Anastasiadis et al. [10] emphasize the necessity
of anticipating suitable solutions to potential issues
within the electrical system. As the popularity of elec-
tric traction vehicles continues to grow, the increased
demand significantly impacts the network.

Negative effects include impacts on voltage profiles,
saturation of electrical system components, voltage im-
balances, harmonic distortion, and increased technical
energy losses. Conversely, positive effects encompass
improved energy management techniques, commonly
referred to as demand management strategies [11].

To determine the impact of integrating electric ve-
hicles (EVs) into the system, it is essential to analyze

various involved variables. These include network de-
mand, electrical system loadability, load profiles of
different customer types, and thecharacteristics of elec-
tric vehicles [12].

The impact on the network is closely linked to the
type of charging applied to electric vehicles. According
to [13], charging can be classified into three levels:
Level 1 (slow charging), Level 2 (semi-fast charging),
and Level 3 (fast charging at charging stations). The
type of charging corresponds to the battery charging
speed. Levels 2 and 3 are typically used in public and
private settings, while Level 1 is primarily designated
for domestic or garage charging.

Table 1 presents the classification of battery
recharge types according to EV characteristics [14].

Table 1. Battery charging levels for EVs

Charging Charging Typical Maximum  Charging
expected )
type Level use current time
Level 6a24
I Slow Home 12 A hours
Level Semi- Private or
I fast public sector 32 A 2-6 hours
Level . 250 A CA - .
I Fast C.Satations 400 A CC 0,5 hours

The fast charging process can be completed in ap-
proximately 30 minutes, allowing the battery to reach
80% of its nominal capacity [15].

Although the impact of EVs on the grid is directly
related to the charging performed (slow, semi-fast,
or fast), the current analysis will focus solely on slow
charging. This type of charging is expected to be preva-
lent in residential settings among consumers or clients
of electric distribution companies.

Due to the challenges posed by the nonlinear loads
of electric vehicles, it is essential to conduct a study
to estimate their impact on the grid. This research
will analyze the effects of electric vehicle charging on
the demand curve of a feeder, as well as the impact
on voltage profiles, harmonics, and practical technical
losses.

This study will be conducted through a simula-
tion using CYMDIST software, based on a real feeder
from the electrical distribution system of Corporacién
Nacional de Electricidad CNEL EP, Manabi Business
Unit, projected up to 2030. The program modules will
encompass load distribution, load flow, harmonics, and
long-term dynamics.

Data derived from readings of the electrical system
under analysis will be utilized for the network simu-
lation. An urban feeder from Portoviejo, Manabi, has
been selected for this study. The electric vehicle load,
designed for simulation in the CYMDIST software, will
be modeled as an unbalanced multifrequency current
source. The data for this modeling will be obtained
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from readings taken while charging electric vehicle bat-
teries using type I (slow) charging, with measurement
intervals of 10 minutes.

This study explores simulated scenarios involving
the integration of 160 and 230 electric vehicles into the
electrical grid. These figures are referential and can be
adjustedaccording to the projected EV integration esti-
mates published in Panorama Eléctrico magazine [16].

Considering that electric vehicles (EVs) contribute
to various quality issues within the distribution net-
work, notably voltage imbalance, alterations to voltage
profiles, electrical infrastructure saturation, and devia-
tions from nominal frequency [17], this article presents
real-world data collected during the low-voltage charg-
ing process of an electric vehicle.

In Ecuador, the Energy and Non-Renewable
Natural Resources Regulation and Control Agency
(ARCERNNR) oversees the strategic sectors of electric-
ity, hydrocarbons, and mines. This agency establishes
directives and guidelines for the Electric Energy Dis-
tribution Company through corresponding regulations.
Specifically, Resolution No. ARCERNNR 017,/2020
enacts Regulation No. ARCERNNR 002/20 "Quality
of Distribution and Commercialization of Electric En-
ergy Service" [18], which comprehensively addresses
product quality in its second chapter.

The referenced regulation delineates the permissi-
ble ranges for electrical variables, which are commonly
influenced by integrating electric vehicles into the net-
works, as detailed below:

1.1. Product Quality
1.1.1. Voltage Level

Table 2 displays the voltage ranges mandated by the
regulatory authority ARCERNNR for distribution
companies in Ecuador, as stipulated by the regula-
tion [18].

Table 2. Acceptable Voltage Level Ranges

Voltage Acceptable
Level Range
High Voltage
(Group 1 and +50%
Group 2)
Medium Voltage +6,0%
Low Voltage +80%

For this research, the values corresponding to
medium voltage will be examined, and compliance
with the regulations will be assessed, as outlined in
Table 2.

1.1.2. Harmonic Distortion of Voltage

The individual harmonic distortion factor of volt-
age (%) and the total harmonic distortion factor of
voltage (THD %) adhere to the ranges specified in
ARCERNNR Regulation 002-20, as detailed in Table
3. The analysis will reference values corresponding to
both medium and low voltage levels.

Table 3. Maximum Voltage Harmonic Limits (% of nomi-
nal voltage)

Individual
Harmonic
Voltage Level Distortion THD (%)
Factor (%)
Low Voltage 5 8
Medium Voltage 3 5
High Voltage
(Group 1) L5 2.5
High Voltage
(Group 2) 1 L5

2. Materials and Methods

This research aims to establish a foundational baseline
for subsequent demand studies to be undertaken by
the Strategic Public Company Corporacién Nacional
de Electricidad CNEL EP, Manabi Business Unit, con-
cerning electromobility. This initiative will equip the
distribution company with an enhanced tool for long-
term planning of the electrical system, considering the
potential impacts of electric vehicle integration across
various load scenarios.

To analyze the impact on the electrical grid, this
study references a case in which a specific number
of electric vehicles (EVs) were randomly integrated
into the system. Their incorporation was simulated us-
ing CYMDIST software, an advanced engineering tool
for electrical planning, operation, and optimization
studies [19].

The materials employed for the simulation are out-
lined as follows:

o Georeferenced electrical network, considering
loads according to user type.

e Primary measurements or readings fromthe ex-

isting 13.8 kV feeder.
e Measurements or readingsconducted on an elec-

tric vehicle by CNEL EP.

2.1. Methodology

The methodology employed aligns with the diagram
depicted in Figure 1.
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Figure 1. Flowchart of the Methodology Applied in the
Study

2.1.1. Determination of Scenarios

To elucidate the impact on the electrical grid stemming
from the integration of electric vehicle (EV) charging,
three simulation scenarios projected up to the year
2030 have been delineated. These scenarios aim to as-
sess the influence of EVs on various parameters, includ-
ing demand, voltage drop, harmonics, and technical
losses.

A) Scenario 1: Baseline Scenario, Feeder Pro-
jected to 2030.

The operational dynamics of the feeder under
study are meticulously analyzed. For the pro-
jection to the year 2030, a vegetative annual
growth rate of 3.5% for the feeder is considered.
EV charging is not included in this scenario.

B) Scenario 2: Unrestricted EV Charging

(Year 2030).

In this scenario, the projected situation is an-
alyzed by simulating that EVs will be charged
when their owners return home after work. Con-
sequently, vehicle charging is expected to start
shortly after 6:00 PM.

C) Scenario 3: Controlled EV Charging (Year

2030).

This scenario anticipates the year 2030, analyz-
ing electric vehicle (EV) charging initiation post-
10:00 PM to prevent its peak from coinciding
with the system’s maximum demand period. It
also explores strategic demand management ap-
proaches, including the staggered charging of ve-
hicles at times that do not overlap with peak de-
mand. This involves implementing public policies
to facilitate EV charging management. One such
strategy is developing charging infrastructure in
public and private parking areas at workplaces,
enabling vehicles to charge throughout the day
and thus mitigating peak demand impacts [20].
The aim is to model a controlled charging en-
vironment for residential and commercial users.
EVs are progressively connected to the distribu-
tion grid post-workday, with charging activities
extending overnight into the early morning.

2.1.2. Information on the Feeder under Study

The feeder chosen for this study is part of the electri-
cal distribution system of Portoviejo, located in the
province of Manabi. According to the projection for
the year 2030, the pertinent data for this feeder are
detailed in Table 4.

Table 4. Characteristics of the Feeder

Voltage Main Main Line Active Reactive
i Length
Substation Customers (kV) conductor (el?ri) 1 Fl\(j[v{;l; (I\Ijl(ijfll;)
Portoviejo ACSR
2 2612 13.8 3/0 2.1 4.77 1.1

As delineated in Table 4, the network comprises
2.10 km of ACSR 3/0 conductor along the main line.
The base voltage is 13.8 kV, the projected active power
load is 4.77 MW, and the reactive power load is 1.10
MVAR. The network serves a total of 2612 customers,
including 954 residential users.

3. Results and discussion

This section presents the results of the scenarios de-
scribed in section 2.1.1, which were simulated using
CYMDIST software:

- Scenario 1: Baseline scenario, feeder projected
to 2030.

- Scenario 2: Unrestricted EV charging (year
2030).

- Scenario 3: Controlled EV charging (year 2030).
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3.1. Demand

Figure 2 illustrates the results of the three scenarios
analyzed for 2030, comparing the impact of electric
vehicles on demand within the simulated electrical
system.

Feeder demand curve. results of the three scenarios
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Figure 2. Demand Curve, Results Obtained in the Three
Analyzed Scenarios (Consolidated)

According to Figure 2, Scenario 2, which features
uncontrolled EV charging, exhibits a peak demand
of approximately 6.1 MW. In contrast, Scenario 3,
which implements controlled EV charging with de-
mand management strategies, records a peak demand
ofapproximately 4.5 MW during the same demand
period.

This result underscores the positive impact of im-
plementing demand management mechanisms on the
feeder, significantly reducing peak loads during periods
of maximum demand. Consequently, this enhances the
network’s efficiency and increases the feeder’s available
transport capacity.

This result aligns with the findings documented
in [3], which assert that an uncontrolled charging strat-
egy represents the worst scenariofor demand control
and distribution network imbalances.

3.2. Voltage Drop
3.2.1. Voltage Profile

Figure 3 displays the voltage profile results for the sim-
ulated feeder for 2030, illustrating its behavior across
the three proposed scenarios.

The detailed results depicted in Figure 3 elucidate
the positive impact of employing demand management
techniques in the EV charging process. Specifically, the
voltage level along the simulated feeder in Scenario 3,
which incorporates EV charging with load management
strategies, is comparatively higher than that observed
in Scenario 2, where EV charging is uncontrolled.

As illustrated in Figure 3, it is noteworthy that the
implementation of charging strategies plays a crucial
role in adhering to the ARCERNNR 002-20 regula-
tions concerning the acceptable voltage range in the
feeder, which is established at +6%.

This result aligns with the findings of Lascano et
al. [21], who report that integrating each electric vehi-
cle (EV) leads to a progressive voltage drop, resulting
in values that eventually exceed the limits prescribed
by the referenced regulations.

Voltage profile - Impact of electric vehicles
! ! !

Scenario 1: Baseline condition (year 2030 without EVs)
Scenario 2: Uncontrolled EV integration (year 2030)
Scenario 3: EV charging strategy (year 2030)
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Figure 3. Voltage Profile, Results Obtained in the Three
Analyzed Scenarios (Consolidated)

3.2.2. Voltage at the Farthest Node of the
Feeder

Figure 4 illustrates the voltage behavior at the most
distant node of the feeder across the three scenarios
proposed in this study. As detailed in Section 3.2.1,
the figure demonstrates that voltage levels at the far-
thest point of the feeder are higher when a demand
management system for EV charging is implemented.

Scenario Analysis - Voltage Curve at the Farthest Node
e

—— Scenario 1: Baseline condition (year 2030 without EVs)
E Uncontrolled EV integration (year 2030) il
Scenario 3: EV charging strategy (year 2030)

— Scenario

Voltage (Vpu)

- L
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Time (hours)

Figure 4. Voltage Profiles at the Farthest Node, Results
in Three Scenarios

From Figure 4, it is evident that the voltage at the
farthest point will be affected by the integration of
EVs if strategies to mitigate this impact are not im-
plemented. This result aligns with the findings of [21].

3.3. Total Harmonic Distortion Rate (THD %)

Table 5 presents the projected total harmonic distor-
tion factor of voltage (THD %) for the year 2030, re-
flecting the impact of integrating 230 electric vehicles
into the simulated feeder.
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Table 5. Total Harmonic Distortion of Voltage in Medium
Voltage (THD %)

180,00 Hz 300,00 Hz 420,00 Hz THD
NODE  kVLI-N 1HD (%) TIHD (%) IHD (%) (%)
Main Feeder
Output 7.58 0.019 0.008 0.007 0.023
(Phase A)
Main Feeder
Output 7.67 0.023 0.011 0.009 0.027
(Phase B)
Main Feeder
Output 7.71 0.013 0.007 0.005 0.016
(Phase C)

As depicted in Table 5, the integration of electric
vehicle (EV) loads, as simulated in the study, ensures
that the total harmonic distortion of voltage (THD%)
remains within the 5% threshold established by the
ARCERNNR 002-20 regulation for medium voltage.

For simulation purposes, EV loads were gradually
introduced using CYMDIST software. Even when the
number of connected EVs reached 230, no significant
levels of harmonic distortion were observed at medium
voltage. Consequently, it is anticipated that the to-
tal harmonic distortion percentage (THD%) at this
voltage level will not be substantially impacted when
slow-charging EVs (Type I) are charged with the sim-
ulated number of EVs.

On the other hand, readings obtained using a power
quality analyzer during the electric vehicle (EV) charg-
ing process at low voltage levels indicate that the total
harmonic distortion of voltage (THD%) remains within
limits prescribed by the ARCERNNR, 002-20 regula-
tion. However, there is a notable presence of the third
and fifth current harmonics, suggesting that the to-
tal harmonic distortion of current includes significant
values that must beconsidered when multiple EVs are
connected to the same circuit.

Figures 5, 6, and 7 depict the curves for the total
harmonic distortion of voltage (THD%) at low voltage
and those for the third and fifth harmonics, respec-
tively, at the same voltage level (real data measured
at low voltage).

Voltage harmonic distortion THD

Permitted low voltage limit (THD=8%)

THD %

4 4

3 4

Day 1 Day 7

N

Time (hours)

Figure 5. Total Harmonic Distortion of Voltage THD %
Curve (Real Data from EV Charging Readings at Low
Voltage)

The data depicted in Figure 5 indicate that the

harmonic distortion rate during the low-voltage charg-
ing process of an electric vehicle remains within the
parameters set forth by current quality regulations.
Figure 6 presents the third harmonic current for
phases 1 (ThL1) and 2 (ThL2). When correlated with the
data in Figure 5, these currents fall within the permis-
sible values specified by current regulations. Notably,
the harmonics illustrated in Figure 6 were observed
exclusivelyduring the EV charging process.

Harmonic current curve - Electric Vehicle

~— 1h3 L1 - Third harmonic current in Phase 1
— Ih3 L2 - Third harmonic current in Phase 2
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Figure 6. Third Harmonic Current Curve (Measured in
EV, Low Voltage)

Figure 7 illustrates the fifth harmonic currents for
phases 1 (ThL1) and 2 (IhL2). When compared with
the data in Figure 5, these currents remain within the
values allowed by current regulations for this parame-
ter.

Harmonic current curve - Electric Vehicle
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IhS L1 - Fifth harmonic current in Phase 2
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Figure 7. Fifth Harmonic Current Curve (Measured in
EV, Low Voltage)

It is important to note that, despite the significant
contributions of harmonics at low voltage (specifically,
the third and fifth harmonic currents) during electric
vehicle (EV) charging, these levels do not exceed the
limits established by the ARCERNNR, 002-20 regula-
tion. However, these values will probably increase with
the number of connected chargers. Consequently, the
electric distribution utility should consider implement-
ing preventive measures as necessary.

The case presented in this section aligns with the
findings of [3], where the authors indicate that an
increase in EV load can lead to harmonic distortion
issues due to the heightened injection of the third
harmonic.
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3.4. Technical Losses

Table 6 presents the projected contribution of techni-
cal losses in power and energy for 2030, with detailed
identification according to the analyzed scenario. The
final projection for 2030 includes the integration of 230
electric vehicles.

Table 6. Projected Technical Losses for the Year 2030

Technical Year 2030 Year 2030 Year 2030
(baseline without (uncontrolled (controlled
Losses EV load) EV load) EV load)
Power (kW) 151.51 265.21 200.87
Energy
(MWh/year) 790.68 1333.95 1026.49

As indicated in Table 6, integrating electric vehicles
into the grid will substantially increase the system’s
technical power and energy losses. Specifically, when
comparing the baseline scenario (Scenario 1, projected
for 2030 without EVs) to the scenario where EVs are
charged uncontrollably (Scenario 2), technical losses
increase by 113 kW. In contrast, if EVs are charged
using demand management strategies (Scenario 3),
the increase in technical losses is limited to 49.36 kW
compared to the baseline scenario.

These results demonstrate the positive impact of
implementing demand management methods to reduce
operational losses within the system.

4. Conclusions

This study has successfully established a baseline that
will inform future demand studies conducted by the
Strategic Public Company Corporacién Nacional de
Electricidad CNEL EP, Manabi Business Unit, focus-
ing on electromobility.

The analysis has confirmed the effects on a feeder’s
demand curve due to controlled and uncontrolled elec-
tric vehicle (EV) charging. In scenarios where residen-
tial EV charging is concentrated at a specific hour of
the day (uncontrolled charging), demand can increase
by up to 1 MW for every 160 vehicles. Conversely,
when EVs are charged in a controlled manner, the
demand increase is estimated to be around 0.1 MW
for the same number of electric vehicles connected to
the grid.

Based on the cases studied, it is clear that the con-
trolled scenario is the most suitable for implementing
EV charging within a distribution feeder. Although
voltage drops are inherent to the load characteristics
in this scenario, they are considerably less severe com-
pared to the uncontrolled charging scenario. In the
latter, there is a significant deterioration in the volt-
age profile, potentially degrading to levels below those
permitted by the quality regulations cited in this doc-
ument.

Incorporating EV charging introduces an additional
load on the electrical system. To mitigate the risk of
high demand peaks that could lead to grid instability,
component overloading, and reduced lifespan of infras-
tructure, it is advisable to manage this load through
effective electric demand management mechanisms.

The implementation of electric demand manage-
ment mechanisms to regulate EV charging (controlled
demand) has effectively flattened the feeder’s demand
curve by reducing peak demands. This strategic control
enhances the network’s efficiency and, consequently,
increases the available transport capacity within the
feeder. In the cases examined, this approach resulted
in a favorable reduction of 1.6 MW in peak demand
when comparing Scenario 2 with Scenario 3 during the
same demand period.

An additional positive impact on the system is
the enhancement of voltage levels along the feeder, as
evidenced by the improved voltage profile. This ob-
servation confirms that the voltage level at the most
distant point of the feeder remains elevated when EV
charging is controlled.

With the integration of an average of 230 electric
vehicles utilizing Type I charging, the harmonic dis-
tortion rate does not compromise compliance with
the Total Harmonic Distortion (THD%) standards for
medium voltage in the analyzed feeder. Specifically,
the feeder exhibits an approximate average harmonic
distortion rate of 0.02% at its output. However, it is
essential to note that the harmonic distortion rate
(THD) may escalate with the increase in connected
chargers, necessitating careful monitoring and manage-
ment to maintain regulatory compliance and system
integrity.

Data collected from an electric vehicle have shown
that at low voltage, the third and fifth current har-
monics make significant contributions. This finding
indicates that the total harmonic distortion of cur-
rent encompasses considerable values, which should be
carefully considered by the distribution company.

The gradual integration of electric vehicles (EVs)
into the electrical distribution system will considerably
increase technical power losses. Specifically, for the
feeder under study, technical losses may increase by
approximately 113 kW when EV charging is uncon-
trolled. In contrast, adopting demand management
methods and controlled EV charging can significantly
mitigate these losses, limiting the increase to just 49.36
kW.
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