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ABSTRACT This paper presents and discusses challenges in microgrids (uGrid) that arise when they
operate isolated from the main grid. Specifically, these challenges occur because the system becomes
an ungrounded delta configuration, and the microgrid power sources exhibit low short-circuit capacity.
The important issues addressed include the failure to detect ground overcurrent during an earth fault
event, voltage imbalances recorded by voltage transformers (VTs) connected between phases and earth,
and the phenomenon of ferroresonance. These issues directly impact the coordination of electrical
protection, component integrity, and synchronization checks between different power sources within the
uGrid. Therefore, the Energy Management System (EMS) is tasked with managing protection devices
and systematically responding to minimize disruptions, thereby ensuring operational security. This
paper examines the protection functions within devices for both operational modes (on-grid and off-
grid) and the corresponding decisions implemented as rules within the EMS. Effective coordination
between protection devices and management systems ensures a rapid and selective response to faults,

thereby enhancing microgrid security and facilitating efficient problem detection and resolution.
KEYWORDS microgrid, medium voltage, ferroresonance, ungrounded system.

. INTRODUCTION

The future of electric power systems aims at the deployment
of Smart Grids, systems that uses advanced metering and
control infrastructure alongside distributed energy resources
(DERs) to manage energy [1, 2, 3]. With the data collected in
those grids, deploying technologies for predictive
maintenance, self-healing, energy efficiency, and grid
optimization is possible [4, 5]. Nowadays, distribution
systems face technical challenges related to reliability,
stability, and security due the growth of DERs applications
[6, 7, 8]. In addition, the traditional distribution system was
developed without considering DERs, bidirectional power
flow, and microgrids connecting and disconnecting from it,
creating a whole new set of challenges for their implantation.

As a path towards smart grids, microgrids - a group of
interconnected DERs with well-defined electric boundaries
that can operate in on-grid (connected) or off-grid (islanded)
mode from the utility grid — have been deployed [9, 10].
Using data from DERs, meters, relays and circuit breakers,
the energy management system (EMS) of the microgrid
makes decisions about its operation and controls of
transitions between operation modes. Some of the challenges
derived from DERs implementation can be solved or
mitigated by proper operation coordination from an EMS in
a microgrid [11]. The work in [12] discussed some of those
microgrids implantation challenges, such as: i) improper
grounding, that could affect the capability of a seamless
islanding and grid synchronization, ii) grounding transformer
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usage to prevent ferroresonance, iii) the absence of studies
discussing relay settings and how important it is to keep the
voltage and frequency values within specified range even
during transitions, and iv) how delays in communication —
especially with the relay at the point of common coupling
(PCC) — can affect the implementation of transition
algorithms. All those challenges were discussed and
overcome in a medium voltage microgrid in the electrical
distribution system of the United States, by properly
connecting and disconnecting the grounding transformer and
coordinating the protection. However, each microgrid has its
own challenges, once they are uniquely sized and deployed,
depending on the region, electric grid, and combination of
DERs. Therefore, implementing uGrids requires customized
technical solutions for feasibility.

Most of the challenges faced during the microgrid
deployment are the combination of technical issues already
faced before, such as ferroresonance [13], short-circuit level,
absence of inertia on inverter-based DERs [14]. As those
deployments comprise multidisciplinary knowledge (EMS,
power electronics, protection parametrization,
telecommunications, data management), it takes those issues
to another level by creating correlations among them. As for
implementation, microgrids are highly indicated for critical
facilities, such as hospitals, data centers, and military
installations, once they can improve reliability, energy
independence, enhanced resilience, and energy efficiency
[15, 16]. To further discuss those challenges, the microgrid at
the Alcantara Launch Center (ALC-pGrid) [17], shown in


https://creativecommons.org/licenses/by/4.0/
http://doi.org/10.18618/REP.e202511
https://orcid.org/0000-0001-9529-7350
https://orcid.org/0000-0003-0710-7815
https://orcid.org/0000-0002-7427-5694
https://orcid.org/0000-0001-5397-9871
https://orcid.org/0000-0001-8477-8546
https://orcid.org/0000-0001-5340-6459
https://orcid.org/0000-0002-4641-3703
http://crossmark.crossref.org/dialog/?doi=10.18618/REP.e202511&domain=pdf&date_stamp=2025-01-23

Oliveira et al.: Challenges in Microgrids with Medium Voltage Circuit

Main Grid o Direction 1 o—

3 Direction 2—3 13.8 kVac /800 Vac

PCC switch

— 1 -
CF1 CF3
sMYA4
69 kVac/13.8 kkVac
i 13.8kVac /380 Vac
( a(}‘f ) & s

380 Vac/13.8 kTVac

FIGURE 1. Simplified diagram of the ALC-uGrid medium voltage
network [17].

FIGURE 1, is a real system and will be used as a case study
in this paper.

The ALC-uGrid aims for high resilience and operational
security, especially during the rocket launch campaigns,
because it comprises critical installations and assets which
require power supply with high energy quality (e.g., rocket
trajectory tracking). Without the microgrid, the facility
depends on the local utility grid, subject to interruptions that
could ruin the launch campaign, leading to financial losses
and security issues [18].

This paper presents the challenges regarding protection,
parameterization of protection relays, and ferroresonance,
while developing the ALC-uGrid and the appropriate
technical solutions to solve them, as an extended version to
what was presented in [17]. Once microgrids are customized
systems, the challenges description and the technical
solutions adopted may contribute to microgrids in
development to reach an automatic and safe operation. The
main contributions are: 1) understanding the causes of
ferroresonance in an isolated microgrid, and how to mitigate
them; 2) coordination protection design between the PCC
switch and the converter of the Battery Energy Storage
System (BESS) to guarantee a seamless transition to off-grid
mode during power quality problems in the main grid, and
presentation of operational results of a real life microgrid.

. DESCRIPTION
CHALLENGES

OF THE SYSTEM AND

The ALC-uGrid, is connected to a medium voltage (MV)
utility substation through a A-Y transformer with solidly
grounded neutral, and can be disconnected from the main grid
using a switch at the PCC, as shown in FIGURE 1. The
microgrid is composed of a 1.25 MWp of solar panel, 1.125
MVA of Diesel Generator Set (DGS), 1 MW/IMWh of
BESS, critical and non-critical loads.

In a conventional system, current, voltage, and frequency
protections must be implemented with the criterion of
preserving the integrity of the equipment and components of
the electrical system, substations, loads, and generation
sources. However, the presence of distributed generation adds
to this issue the possibility of reverse current flow, even in a
radial grid, and the supply of potential short-circuits by more
than one source at electrical nodes located at different points

in the distribution grid. Additionally, microgrids have some
particularities such as:

e Even though remotely controlled switches are
supervised by the EMS, they operate individually,
with  coordination defined based on the
parameterization of protection devices, for example,
multifunction relays;

e Inthe event of a switch opening due to the operation
of the respective overcurrent protection, reclosing
will only be possible after the execution of an
inspection protocol and clearance from the operation
and maintenance team.

In this context, due to the contributions of distributed
sources, microgrids must have protection profiles according
to the mode of operation (on-grid and off-grid) and the
direction of power flow.

When the PCC switch is opened, the microgrid operates in
an off-grid mode, becoming an ungrounded electrical system.
This configuration presents several challenges, including the
inability to detect earth overcurrent in case of a single-phase
earth fault event, voltage imbalance between phase-to-earth
measurements using the VTs, and ferroresonance.

According to [13], ferroresonance is a nonlinear
phenomenon that arises due to resonance of capacitive
circuits and nonlinear inductors in transformers (power and
VTs) under specific conditions, leading to overvoltage and
overcurrent that can damage insulation and components.

The ALC-uGrid experiences ferroresonance due to various
factors, including the presence of parasitic capacitances in
ungrounded distribution lines, magnetization inductances of
VTs, low load conditions, and the ungrounded nature of the
MV system when in off-grid mode. This phenomenon has
been observed during black start conditions (FIGURE 2),
even with the voltage ramp that is controlled by the converter
of the BESS.

. IMPLEMENTED SOLUTIONS
DISCUSSION OF RESULTS

AND

This section shows the solutions to four main problems faced
during ALC-uGrid development: a) measurement problems,
b) ferroresonance, c) voltage and frequency protection, and d)
current protection.
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FIGURE 2. Phase-to-earth voltage in the at black start with
voltage ramp (ferroresonance).
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A. MEASUREMENT PROBLEMS

The measurement and protection systems with three VTs in
Y connected between phases-to-earth in the MV side of the
circuit breakers of ALC-uGrid form a load in Y with the
common point without connection to the source (isolated
neutral). Suppose each phase equivalent impedances are not
equal, due to phase-to-earth parasitic capacitances and the
magnetizing impedances of the respective VTs. In that case,
they form a Y-unbalanced load with neutral displacement.
This results in different voltage measurements even though
the real voltages are balanced. In the case of systems that use
four VTs, three at the input of the MV circuit breaker and one
at the output (used for bus voltage and synchronism checks),
there will be an imbalance between the equivalent
impedances between each phase and the grounded common
point. In this case, there will be a neutral shift, and voltage
measurement errors can be greater.

Voltages were measured on the secondary side of VTs of
the BESS MV circuit breaker during a transition from on-grid
to off-grid mode. It can be seen in FIGURE 3 that the phase-
to-earth voltages became unbalanced after the PCC switch is
opened and the system starts to operate in off-grid mode.
However, line voltages do not present noticeable distortion or
imbalance in this context (FIGURE 4).
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FIGURE 4. Line voltages measured on the secondary of the BESS
MV circuit breaker VTs.
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An alternative solution for the synchronism check when
having voltages from different sources on both sides of the
MV circuit breaker is to connect the synchronism check VT
between phases, since it is possible to adjust the voltage
amplitude and angle in the settings of the protection relay for
equivalence with the phase-to-earth voltage of the
synchronism check.

B. FERRORESONANCE

In the distribution grid, lines have phase-to-earth
capacitances and inductive VTs connected between phase-to-
earth have low excitation current and high non-linear
magnetizing inductance. If the inductive reactance of the VTs
is equal to or close to the parasitic capacitive reactance of the
system, the set may form a poorly damped resonant circuit,
which may result in ferroresonance.

These grids consist of numerous saturable inductances and
capacitors, including power transformers, inductive and
capacitive voltage measuring transformers, shunt reactors,
series or shunt capacitor banks, cables, and long transmission
lines. As a result, these elements create conditions conducive
to the occurrence of ferroresonance scenarios.

FIGURE 5 shows a basic series ferroresonance circuit,
from which the phenomenon of ferroresonance can be
discussed in a simplified way, further details are discussed in
[13]. In the initial condition, once the source is switched on
(t =t,), voltage at the capacitance terminals is assumed
equal to V., and a current I is created and oscillates at
frequency w, = 1/+/LC, where L and C represent the coil
inductance and capacitance, respectively. The flux in the coil
and the voltage V,, across the capacitor terminals are then
expressed as (1) and (2).

Voo Sinwqt
== 1
0 == m
Vy =V, coswt 2

If Voo /w1 > ¢sas, the flux ¢ reaches the saturation flux
¢dsar, VOltage V., is equal to V; and the inductance of the
saturated coil becomes L; (t =t;). As Ly is very small
compared to its initial value L, the capacitor suddenly
“discharges” across the coil in the form of an oscillation of
frequency w, = 1/,/LsC. The current and flux peak when
the electromagnetic energy stored in the coil is equivalent to
the electrostatic energy 1/2CV;? stored by the capacitor.
When the flux returns to ¢, (t =t;), the inductance
reassumes the value L and, since the losses have been ignored,
voltage V., which has been reversed, is equal to —V;. When
the flux reaches —¢,,; the voltage V., is equal to =V, (t =
t3). As w4 is in practice very small we can consider V, =
Vi = V.. As aresult, the oscillation period (T) in the non-
saturated condition is included between 2mvLC, and in
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saturation condition is 2m,/LsC + 2(t; — t;). Consequently,
the corresponding frequency is represented by (3) and (4).

f=7 3)

<f< !
2n

I.C (4)

1
2nvLC

The initial frequency depends on some variables such as
the saturation flux, non-linearity of electrical components and
initial voltage at the capacitance terminals. As a result, the
voltage waveform can be affected in different ways by the
ferroresonance effect, as shown in FIGURE 6. A real
waveform with the effect of ferroresonance in a single-phase
of the circuit is shown in FIGURE 7. This oscilloscope
measurement recording was made from the case study
microgrid before a solution to this problem was implemented.

Among the various solutions proposed in the literature to
mitigate this phenomenon, it was decided to use damping
resistors on the secondary side of the VTs, which must be
sized to not exceed the rated load of the VTs [13]. This was
the solution chosen because it is cheaper than others indicated

v(t) v(t)

a) b)
v(t)

©) d)

FIGURE 6. lllustration of ferroresonance characteristics [13]: a)
fundamental mode, b) subharmonic mode, quasi-periodic mode,
and d) chaotic mode.
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4

in the literature and because it provides satisfactory results.
Once the VTs windings were connected as shown
in FIGURE 8 (in Y-Y), the damping resistor was
dimensioned using the equation (5).

Ug
R:
kxP-P,,

®)

Where R is the damping resistance value in Ohms, U is
the rated secondary voltage of the VT, k factor between 0.25
and 1 such that errors and service conditions remain within
the limits specified by standard IEC 186 [19], P, is the rated
output power of the VT, and B, is the power required for
measurement.

The ALC-uGrid VTs are (13.8kVv3) /115V, class
0,3P75. The maximum power the TP can feed without
compromising its accuracy class of 0.3 % is P, = 75 kW.
Each voltage input from PEXTRON URP 6000 relay, which
was the model used in ALC-uGrid, has a load equal to B, =
0.14 W. Substituting those values in (5) and arbitrating k as
0.8, R is defined in (6).

1152

R=——— R = 220930
(0.8x75)-0.14

(6)

To check the power dissipation Py of the damping resistor,
the calculation goes as follows in (7).

1152

R = 22093 = 59.86 W

()

A thermography made of the damping resistor mounted on
a heatsink on the secondary side of the VT in one of the MV
circuit breakers at ALC-uGrid is shown in FIGURE 9. The
concern is to ensure that the nominal working temperature
does not reduce the power dissipation capacity of the

1
2
3
A
Primary sitde
(ligh voltage)
N {l'
|
n |II
Secondary side
{low volfage)

die

FIGURE 8. Connection form of VTs in ALC-uGrid [13].
Eletrbnica de Poténcia, Rio de Janeiro, v.30, 202511, 2025.
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damping resistor. The model (AP101 100W TO-247) used
has an operating temperature range from —65°C up to
+175°C [20]. Since the maximum temperature recorded was
114 °C, the resistor operates under normal conditions.

After the solution with the damping resistors had been
installed, the black start conditions were tested again. As
shown in FIGURE 10 when comparing with FIGURE 2, the
ferroresonance was solved, since the phase-to-earth voltages
do not resonate and are in acceptable range. Based on the
results presented, it was possible to avoid overvoltage
protections and to guarantee the integrity of the components.

C. VOLTAGE AND FREQUENCY PROTECTION

In the study and coordination of protection, the main
considerations for voltage protections were:

i To be slower than current functions to maintain
energy continuity and avoid unwanted trips due to
intermittent voltage variations caused by distributed
generation;

ii.  The sequence of priority for the operation of
switches and sources in the event of under or
overvoltage events follows this order: first, the PCC
switch; next, the intrinsic ones to the BESS; and then
the medium voltage circuit breakers of the internal
substations. In this way, in some cases, it is possible

Dist. obj. 4m

FIGURE 9. Thermography of the resistor and heatsink installed
on the secondary of the VTs.
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to manage the system to isolate faults and continue
supplying energy;

iii. The closing of the switches after operating due to
voltage function is done automatically after timed
reclosures of the protection relays. This time is
sufficient for the voltages to return and remain
stable, thereby avoiding unnecessary or unwanted
successive trips.

The voltage and frequency protections on the PCC switch
were defined with the aim of the switch operating before the
protections set on the Power Converter System (PCS),
ensuring power supply to loads. The values set on the PCC
switch took into account the local power utility company
standards and field surveys on the values and frequency of
occurrence for voltage sags and swells at the point of
connection to the main grid. Voltage sags can be of low
amplitude and momentary due to load and generation
dynamics, or they can be of large amplitude due to critical
events in the grid.

The parametrization of protection relays is simpler when it
is possible to set multiple voltage setpoints based on the
amplitude and trip time. However, not all relays offer the
flexibility to configure multiple setpoints for undervoltage
and overvoltage protection. An alternative solution to this
limitation is to use positive, negative, and zero sequence
voltage protections.

The PCC switch was parameterized considering these
protections, as presented in TABLE 1, to operate according
to the graph shown in FIGURE 11.

The voltage protection was configured as follows:

e Minor voltage sags are tolerated for a longer
duration since the BESS consistently provides
voltage support to the main grid;

o Significant voltage sags are tolerated for a shorter
duration due to the BESS's rapid capability to switch
from grid-following to grid-forming mode.

TABLE 1. PCC switch protection setpoints.

Positive Sequence

80 %
0.1s

Open-Source Voltage Threshold
Open-Source Time to Trip

Single-Phasing Protection and Sectionalizing

Zero sequence voltage Threshold 30 %
Zero sequence current restraint Threshold 10A
Negative Sequence Voltage Threshold 10 %
Negative Sequence Current Restraint Threshold 100 A
Unbalance Time to Trip (s) 0.1s
Trip on Single-Phase Voltage
Single-Phase Low Voltage Threshold 80 %
Single-Phase High Voltage Threshold 110 %
Single-Phase Low Voltage Time to Trip 1s
Single-Phase High Voltage Time to Trip 0.2s
Trip on Three-Phase Voltage
Three-Phase Low Voltage Threshold 80 %
Three-Phase High Voltage Threshold 110 %
Three-Phase Time to Trip 0.1ls
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In on-grid mode, the microgrid has an anti-islanding
function, where an event in the main grid triggers a trip at the
PCC switch, and the BESS takes over the internal grid as
presented in FIGURE 12. A test was carried out on the
microgrid in which one grid phase was opened before the
PCC switch and the protection acted according to the settings.
The PCC switch took 136 ms to open after a phase loss and
the BESS was able to maintain the lost phase voltage on the
microgrid side. After opening the PCC switch, voltage
transients were less than 136 ms and it did not activate the
voltage protections. In this test, initially the BESS operated
in grid-following mode without absorbing or injecting power
into the main grid and the photovoltaic plant was injecting
612 kW. Considering the load during the test, the excess
power was approximately 375 kW, which was exported to the
main grid through the PCC switch.

In off-grid mode, with the BESS as a grid-forming and the
DGS operating as grid-following, the DGS take over the grid
in the event of a BESS failure.

Whenever the ALC-pGrid is operating in off-grid mode,
the converter of the BESS feeds the medium voltage
distribution line through a A — A transformer. A single-phase
earth fault does not activate the earth overcurrent protection
in a distribution grid whose transformers are in ungrounded
delta (medium voltage side), such as the topology of the
ALC-uGrid. An alternative solution for a single-phase earth
fault detection is to use three VTs connected in Y with the
common point grounded and configure the neutral
overvoltage function in the protection relay, using the neutral
residual voltage (3V0) to activate the protection. The 3V0
voltage in a single-phase earth fault event is theoretically
300 % of the rated phase-to-earth voltage of the system.
Therefore, a lower setting (for example, 225 %) can be used
to detect the fault. The VTs and surge arresters of the phases
without earth fault are subjected to a line voltage. Therefore,
quickly detecting the fault can prevent components such as
VTs and surge arresters from being damaged. The supplier
datasheets usually report these components' peak voltage
withstand and transient duration.

In the case of the ALC-uGrid, a smaller adjustment than
the withstand time of the distribution surge arresters (300 ms)
for transition overvoltages (TOV) was used, as it is smaller
than the withstand time of the VT. This solution proved to be
effective in an earth fault event, in which there was a
contribution from microgrid sources. However, the
waveforms are not shown in this paper because this was a real
and random event.

It is important to have protection for detecting the opening
of a phase in the MV grid, which is critical in:

i Either on-grid or off-grid mode: the opening of a
phase on the MV grid side and at the BESS output,
because the voltages produced by the PCS can
render ineffective the undervoltage protections of
the MV relay at the BESS substation. This is because
the MV circuit breaker will be closed and with
voltages on all three poles, considering that the
phase opening is in the circuit external to the
substation. In this case, it is necessary to provide
protection that isolates the source (BESS);

ii. Off-grid mode: the opening of a phase on the MV
grid side at the DGS substation output, with them
operating in grid-following mode with the BESS or
grid-forming, as the voltages produced by the DGS
can render ineffective the undervoltage protections
of the relay. This is analogous to the previous item.
In this case, it is necessary to provide protection that
isolates the source (DGS);

iii. On-grid mode: the opening of a phase on the
upstream side of the PCC switch, as the voltages
produced by the BESS can render ineffective
undervoltage protections of the relay at the PCC
switch.

The solution for the conditions of the scenarios described
was to implement the protection function sensitive to the
negative sequence current component (ANSI 46 BC function)
[21]. This allows the identification of the open phase
conductor in the MV grid (broken conductor or open fuse
switch), especially when this cannot activate the undervoltage
or negative sequence voltage protections [21].

Regarding the synchronization check protection, ANSI 25
function [21], the closure of the PCC switch with both sides
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energized can only be done if the voltages on the microgrid
side and the utility grid side are synchronized with each other
and within acceptable tolerances. If the ANSI 25 function
[21] is not being met, the PCC switch is blocked and does not
execute the closing command, even if this command is sent
by the EMS. The tolerance adjustments for the differences in
frequency, amplitude, and phase angle of the voltages on both
sides of the switch were determined based on computer
simulations of the switch closure, technical standards of the
local energy utility, and tests during commissioning [22]. The
values implemented in the switch are as follows:

e Voltage difference limit 13 %;

e Phase angle difference limit 5°;

e  Frequency difference limit 0.2 Hz;

e Voltage limit above which the synchronization

check is performed 20 %;
e Synchronization verification wait time 300 s.
The values were defined based on the accuracy of the

voltage, frequency, and angle measurement devices used, and
to prevent current transients during the switch closure that
could activate the PCS overcurrent protection.

D. CURRENT PROTECTION

The current protection
particularities such as:

i The contribution of the sources to a short-circuit
considering the direction of power flow, one from
the microgrid to the utility grid (Direction 1), and the
other from the utility grid to the microgrid (Direction
2), as shown in FIGURE 1.

ii. The parameterization of protection devices based on
coordination that allows for the isolation of faults
and the operation of part of the microgrid, with grid-
forming systems, as long as it is done safely.

iii. The management of medium and low voltage circuit
breakers and reclosers after fault events to readjust
microgrid topology, ensuring power supply to all
possible loads. However, in short-circuit situations,
the remote closing of these circuit breakers must
follow an inspection, maintenance, and operation
protocol.

Following the defined power flow for each direction, the
adjustments considered for Direction 2 must protect the
system from short-circuits within the microgrid, stopping the
utility grid's contribution to these fault currents. For this type
of fault, the PCC relay only responds to the utility grid
contribution with both timed and instantaneous current
functions, for phase and neutral.

The current protection settings of the PCC relay must be
coordinated with the utility grid substation relay in the power
utility feeder. These protections must also have a sufficient
range so that the microgrid's internal MV relays (downstream
to the PCC switch) adjustments are coordinated with the PCC
relay and fuse switches (FIGURE 1).

The pick-up value for the timed current phase function was
set at 150% of the maximum load current at the PCC in steady
state, which is below the permissible current for the conductor
in the MV lines (in the case study). Additionally, the settings
for both timed and instantaneous phase functions should not
be activated by the total inrush current from the transformers
upstream of the PCC switch. For ground faults, the pick-up

in the microgrid has some
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FIGURE 13. Current curve for coordination in direction 2.

current setting for the timed current neutral function should
be between 10% and 45% of the maximum load current in
steady state [23]. The time-current curves for the utility grid
feeder relay, PCC switch, and CF1 100 K fuse switch are
shown in FIGURE 13.

The adjustments for Direction 1 must prevent internal
sources of the microgrid from contributing to short-circuits
and limit the power injected by the microgrid into the utility
grid in the event of EMS power control failure. Since the
BESS and the solar panel plant operate as grid-following in
on-grid mode, their short-circuit contribution between phase
currents must be limited to their rated power.

Because the internal sources are connected to the utility
grid through isolated coupling transformers with the medium
voltage side in delta, they do not contribute to earth faults on
the utility grid side. Therefore, both timed and instantaneous
neutral functions in Direction 1 can be disabled. The time-
current curves for the BESS, solar panel plant, PCC switch,
and CF3 65 K fuse switch are shown in FIGURE 14.

As shown in FIGURE 14, the current curves are spaced by
the actuation time, making it possible for the microgrid to
continue supplying loads or parts of them in some events of
trip. The protection devices are activated in the following
sequence: both timed and instantaneous neutral functions of
the BESS and solar panel plant; both timed and instantaneous

50/51 BESS/PV

50/51 PCC switch

Current in amperes

CF3 65K

TN

Time in seconds

50N/SINPCC
switch

5SON/SIN
BESS/PV

TInrush - 3624

FIGURE 14. Current curve for coordination in direction 1.
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neutral functions of the PCC switch; both timed and
instantaneous phase functions of the BESS and solar panel
plant; and both timed and instantaneous phase functions of
the PCC switch. The trip of the fuse switch depends on the
fuse link capacity, which in this case will act between the
timed and instantaneous phase function curves of the BESS,
solar panel plant, and the PCC switch.

IV.  CONCLUSION

This article discussed the challenges in microgrids, focusing
on operating isolated from the main grid and with ungrounded
medium voltage circuits. Several approaches were taken
regarding specific solutions applied to individual
components, the parameterization of protection components,
the coordination of their settings, and the energy management
system that controls the microgrid.

The solutions presented to mitigate the problems of the
ferroresonance phenomenon have shown technically
satisfactory results. Using resistive loads in the VTs
secondaries minimize the overvoltages and voltage
distortions in the phase-to-earth voltage waveforms.
Furthermore, the proposed parameterization of the relay
allowed for synchronism checks between two different
sources and the detection of single-phase earth faults. This
avoids having a system with 4 VTs connected in Y-Y with 2
of them connected to the same phase, which would form an
unbalanced Y load, and consequently unbalanced voltage
measurements could be indicated by the measuring VTs.

The parameterization of the protection devices was
developed considering two approaches regarding short-
circuit contributions, from the microgrid to the utility grid and
from the utility grid to the microgrid.

Additionally, voltage and frequency protections were
implemented to detect faults missed by the current protection
functions such as short-circuits, phase-to-ground faults with
the microgrid operating in off-grid mode (ungrounded
system), and islanding detection.

From all these approaches, it was possible to develop and
implement a set of relay parameterization, the coordination of
protection devices, and a protection management system with
improved performance, ensuring the safety of components,
loads, and systems. This also improved the continuity of
power supply through the reconfiguration of the microgrid in
the event of contingencies.
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