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The why of adaptive protections in modern electrical
networks

El porqué de las protecciones adaptativas en las redes eléctricas
modernas

Juan M. Guardiola!, Eduardo Gémez-Luna?, Eduardo Marlés-Saenz?, and Jorge de la Cruz*

ABSTRACT

Electrical networks are evolving and taking on more challenges as the inclusion of renewable energy and distributed generation units
increase, specially at distribution levels. Big trends of generating electricity with alternative and renewable resources has promoted
the formation of distribution networks subsystems or micro grids, capable of supplying their own electric demand and to export
energy to the interconnected system, if necessary. However, the effects of these generation units into the network and into the
microgrid as well are many, as harmonic distortion, voltage flickers and especially in electrical protections.

This paper provides an overview about implementation of renewable energy and distributed generation worldwide, as well as an
introduction to microgrids concept and its main impacts and challenges into the electric systems. Finally, the main impacts of
microgrid on protection equipments are presented at a distribution level, being adaptive protections one of the solutions to the
dynamic changes of the electric system.
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RESUMEN

Las redes eléctricas estan evolucionando y asumiendo mas retos conforme incrementa la inclusion de energias renovables y unidades
de generacion distribuida, especialmente a niveles de distribucion. La gran tendencia a generar electricidad con fuentes alternas y
renovables ha impulsado la formacion de subsistemas de distribucion o micro redes, capaces de suplir su propia demanda eléctrica y
exportar energia al sistema interconectado de ser necesario. Sin embargo, los efectos de la inclusion de estas unidades de generacién
sobre la red eléctrica y la misma micro red son varios, como distorsion armdnica, oscilaciones de tension y sobre todo, sobre las
protecciones eléctricas.

Este articulo brinda un panorama actual de la implementacion de energias renovables y generacion distribuida a nivel mundial, asi
como una introduccidn al concepto de micro redes y sus principales impactos y desafios en el sistema eléctrico. Finalmente, se
presentan los principales impactos de las micro redes sobre los equipos de proteccion a nivel de distribucion, siendo las protecciones
eléctricas adaptativas una de las soluciones a los cambios dindmicos del sistema eléctrico.

Palabras clave: Generacion distribuida, Recursos de energia distribuidos, Redes inteligentes, Micro redes, Protecciones adaptativas.
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Introduction the world, for example, from 2 017 GW of the global capacity

Nowadays global energy is based on fossil fuels in in 2016 to 2 195 GW in 2017, data that includes hydroelectric

approximately a 79,5%, while nuclear energy and re-
newables contribute with 2,3% and 18,2 % respectively.
Within electricity generation with renewable sources
without traditional biomass (10,4 % of the previous 18,2 %),
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contributions are considerably low, only 3,7 % corresponds
to a hydraulic source, while solar, wind and geothermal
represent the 1,7 %, biofuels 0,9 % and the remaining 4,1 %
represents biomass and geothermal heat. Data estimate at
the end of 2016 (Renewable Energy Policy Network for the
21st Century (REN21), 2018).

Figure 1 illustrates the global consumption based in primary
energies such as oil and coal between 1965 and 2017,
reaffirming the predominance of fossil fuels as the energetic
foundation worldwide. The generation of electricity with
renewable and alternative sources has increased gradually in
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generation, without this type of source the global increased
has been from 922 GW to 1081 GW (Renewable Energy
Policy Network for the 21st Century (REN21), 2018).
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Figure 1. Shares of global primary energy consumption by fuel.
Percentage.

Source: (BP, 2018)

Implementation of units based in renewable and alternative
energies of low power capacity, and usually connected to
a feeder, substation or near to the user, are known as
“distributed generation units” (DG’s) or “distributed energy
resources” (DER’s), because they are often distributed along
the transmission and distribution system (Gers & Viggiano,
2016; ). P. Nascimento, Brito, & De Souza, 2016; Yang
& Wang, 2015). In Colombia, for example, activities as
generation of electricity can be done for supplying users own
demand or near consumption centers by being connected to
the local distribution system or SLD by the Spanish words
(Comision de Regulacion de Energia y Gas. CREG, 2018).

The main distributed energy technologies implemented
worldwide are: solar photovoltaics (PV), wind energy, small
hydroelectric plants, combined heat and power (CHP), solar
thermal, gas turbines and diesel generators. Distributed
generation units are characterized by having synchronous or
asynchronous generators, usually with rated capacities below
50 MW and voltages in the range of 240 V and 34,5 kV; also,
DG's can be inverter based generators or IBDG’s applied for
PV systems, for example (Gers & Viggiano, 2016; Gonen,
2014; Horowitz & Phadke, 2014; Muda & Jena, 2017a;
Singh, 2013). A review of characteristics of energy storage
systems for microgrids like batteries, supercapacitors, fuel
cells, superconducting magnetic energy storage and others

are also discussed in (Guacaneme, Velasco, & Truijillo, 2014).

This paper is divided as follows. An introduction to the
concept of microgrids and their integration into power
systems is presented; the main impacts and challenges of
microgrids in distribution systems; impacts of microgrids
in electrical protections and finally, and introduction to the
adaptive protections concept in microgrids.

GuarpioLA, GOMEZ-LUNA, MARLES-SAENZ, AND DE 1A CRUZ

Microgrids integration in electrical power
systems

According to (Gupta, Varshney, Swathika, & Hemamalini,
2016), the need for an alternative power generation system
presents an opportunity for the on-site energy generation,
in vicinity to the place of consumption, which aims
to administrate and/or control the associated loads and
generation in a better way. In this way, the integration of
generation units has led to the integration of energy storage
units like batteries and control systems, connected to the
main grid through a point of common coupling or PCC. This
combination of small units or distributed generation, energy
storage and control systems at distribution level, form a
distribution network subsystem, also known as a microgrid
(MG) (L. L. Do Nascimento & Rolim, 2013; Gupta et al.,
2016; Khederzadeh, 2012; Tello-maita & Marulanda-guerra,
2017; Tummasit, Premrudeepreechacharn, & Tantichayakorn,
2016).

MG’s are low and medium voltage systems in AC, DC or both,
single or three-phase, which operates connected to the main
grid, usually referred to as a macrogrid; or disconnected from
it (island mode). The last mode of operation can be presented
due to a system disturbance in the main grid or by a controlled
action. The MG is then disconnected through the PCC (see
Figure 2) (Monadi, Gavriluta, Luna, Candela, & Rodriguez,
2017),(Hosseini, Abyaneh, Sadeghi, Razavi, & Nasiri, 2016).
Under a MG steady state condition and connected to the main
grid, both, the main grind and MG supply all the system loads
by burden sharing, especially in peak demand (Kroposki et
al., 2008), (Che, Khodayar, & Shahidehpour, 2014; Hosseini
etal., 2016; Ustun, Ozansoy, & Zayegh, 2012). On the other
side, while working on island mode, MG loads are totally
supplied by the DG units and energy storage systems until
the MG is reconnected to the main network, otherwise,
these units must have the power capacity to maintain
the generation-demand balance (L. L. Do Nascimento
& Rolim, 2013),(Laaksonen, Hannu; Ishchenko, Dmitry;
Oudalov, 2014).

Additionally of being a distribution level network of low or
medium voltage, MG’s have different characteristics and
properties according to their main feeders (Hooshyar &
Iravani, 2017):

Urban MG’s: feeders are located in a populated or
concentrated industrial area and generally densely loaded.
Imbalance level is very low and the short circuit ratio at the
PCC is approximately 25 (ratio of the short circuit capacity by
the main grid to the total generation capacity of the MG). As
a consequence, during it grid-connected mode, voltage and
frequency are dictated by the macrogrid.

Rural MG’s: feeders are placed in low populated areas, where
laterals are long from the main trunk, thus, have very low
load density. MG imbalance can be significant, with high
impact on voltage by the DG's.
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Off-grid MG’s: are located in remote areas with no possibility
of connection to the macrogrid and transmission lines due to
geographical conditions. This type of MG always operates in
island mode. Despite not having a PCC, they are considered
a MG because they fulfill the basic requirements mentioned
above and other characteristics like such as voltage regulation,
voltage flickers and harmonic distortion, also met in common
MG’s.

At this moment, several MG’s have been implemented
worldwide in distribution systems, as an example, consider
the MG installed in the biggest island of Finland, Hailuoto
Island. A pilot medium voltage MG was installed to operate in
islanding mode, which includes a portion of 20 kV overhead
feeder, with a wind turbine of 0,5 MW and a diesel generator
of 1,5 MW (Laaksonen, Hannu; Ishchenko, Dmitry; Oudalov,
2014). In Thailand, a 22 kV distribution feeder supplies
electric power to the remote area of Mae-Sariang city, where
a MG is located from the main grid in approximately 106 km.
Several loads of 1 MW, 0,9 MW and 1,3 MW are supplied
by a hydro generator of 1,5 MVA, a solar system of 4 MW,
a diesel generator of 7,5 MVA and battery storage of 3 MW
(Tummasit et al., 2016). Other case of an implementation
of a MG was reported by (Mahat, Chen, Bak-Jensen, & Bak,
2011), where the distribution network is located in Aalborg,
Denmark and is formed by three wind turbines of 630 kW, a
CHP and three gas turbines.

In a more regional approach, in Latin America an isolated
MG, Huatacondo microgrid located in Atacama Desert,
Chile. The microgrid consists on a 150 kW diesel generator,
22 kW tracking solar PV systems, a 3 kW wind turbine,
a 170 kWh battery and a energy management system,
which minimize the operation costs by providing the set-
point for the generation units. In (Palma-Behnke, Ortiz,
Reyes, Jiménez-Estévez, & Garrido, 2011) a social SCADA
approach was proposed to guarantee an optimal energy
consumption based on the community requirements. Also in
(Bonilla-Gdmez, 2017) a microgrid design was proposed
in the community of Santa Elena, Costa Rica. Other
microgrid projects around the world are summarized and
their main characteristics, such as size, type of generation
unit, energy storage devices, load and control are provided in
(Mina, 2017).

Design methodologies for off-grid microgrids in Colombia,
and power systems optimization models considering
integration of distributed energy resources are exposed
by (Correa-Henao & Rojas-Zerpa, 2017; Garzon-Hidalgo
& Saavedra-Montes, 2015; Meneses, 2011; Tello-maita &
Marulanda-guerra, 2017)

Several MG’s have been modeled through simulation
software’s, which is a widely used tool for power systems
analysis and for the MG itself, due to its integration in
distribution networks. As evidenced by (J. P. Nascimento et
al., 2016), two DG’s were connected to the IEEE 13-node
network for a protection analysis by real-time simulation
(RTS). Similarly, PSCAD (Power System Computer-Aided
Design) was used to simulate transient events in a 20 kV
MG with two 1,5 MVA generators at 10 km and 11 km
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Figure 2. AC/DC microgrid with connected and island mode of
operation.

Source: Authors

from the main feeder, DG’s converters were simulated as
well. A three-phase fault was analyzed in islanded and grid-
connected mode of operation, connected to a 110 kV system
(S. Voima, Laaksonen, & Kauhaniemi, 2014). Hereon, the
term “fault” is going to be refers to a three-phase short circuit
fault specifically.

One of the main reasons of studying MG’s, besides its great
application potential, is to improve its behavior, reliability
and reducing impacts for both, the power system and the
users. As mentioned before, MG’s are formed by generation
and storage units, that is why, is important to establish an
adequate control system in each element in the MG. In
addition, with a trend to growth in DC MG's, there is more
implementation of electronic converters or VSC’s (Voltage
Source Converters) and other power electronic devices,
which are one of the main challenges that DG’s and MG'’s
have to deal with to become a more reliable and promising
distribution network subsystem. Challenges that increase
with new technologies and new ways of generating electricity
(Hosseini et al., 2016; Monadi et al., 2017).

MG’s Impacts and challenges in distribution
systems

The traditional concept of a power system and more
specifically, a distribution system is conceived to have
radial operation with passive nature elements, i.e., a system
that is characterized for generating electricity with some
high power generators and are the only sources of power
in all the network to supply the loads or customers,
harnessing and consuming the energy (Ishchenko, Oudalov,
& Stoupis, 2012).

In accordance with this perspective, power flow is always
unidirectional, from the generation units to feeders and then,
the loads (Che et al., 2014). Integration of DG’s at the same
level as users implies a change of scheme with respect to
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the conventional power flow, which becomes bidirectional.

Is important to notice that power systems had not been
designed to considered generation units along distribution
networks (Gupta et al., 2016; Luna & Parra, 2011). As a
consequence, technical changes in the network due to the
DG's characteristics have been presented, as the dependency
of the resource and time variable availability of the energy
sources (Gers & Viggiano, 2016). Being reflected in dynamic
and intense changes of the grid topology, as a way to satisfy
generation-demand balance (Shih & Enriquez, 2014). It is
understood by topology as the operational mode of the system
(islanded mode or grid-connected mode), with different grid
configurations (radial, looped, meshed or a combination)
(Hosseini et al., 2016).

The benefits achieved with DG’s at a distribution level are
many, as technical, economic and environmental, which are
not the main focus of this paper. However, reaching optimal
conditions to obtain those benefits is a hard task as it strongly
depends on the DG reliability, the energy source variability,
size and total power capacity of the DG and being at the
proper location. Also, some standard control, installation
and maintenance conditions have to be met, on the contrary,
the minimal operative criterion won’t be achieved and the
integration of the DG’s will impact the electrical system
negatively (Barker & De Mello, 2000).

An important aspect is the behavior of the MG in the presence
of any disturbance, which depending on their impact, can be
reflected in small signal stability, transient or voltage stability
in the MG as well. Some of the main reasons of instability
or security issues are the occurrence of frequent faults,
load/generation variations, load dynamics and insufficient
control schemes in the DG's as explained by(Teimourzadeh,
Aminifar, & Davarpanah, 2017). If any kind of faults occurred
inside the MG or in the main grind are not cleared in a
short time, it le that the MG presents frequency or voltage
instability and then, a blackout may take place while operating
in islanding mode, being unable to supply all the loads present
in the MG (Li, Li, & Zhou, 2015). Therefore, microgrid stability
must be assessed in the post-contingency period, nonetheless,
due to the great complexity of power systems and variety
of components, high computational resources are required
(Schweickardt, Manuel, & Alvarez, 2013).

Contrary with conventional networks where synchronous
generators have a fundamental role and their stability can be
studied from the rotor-angle, frequency and voltage point of
view, MG’s implement a widely number of IBDG’s, being the
characteristics and dynamics of the MG different with respect
to conventional networks. This is why, MG’s are not fully
compatible with traditional analysis methods, being a case of
study nowadays (Shuai et al., 2016). In this way, factors as
the load dynamics, low inertia constant in generators, fault
frequency and many others are the reasons of security issues
in MG’s (Teimourzadeh et al., 2017).

According to (Barker & De Mello, 2000; Bhise, Kankale, &
Jadhao, 2017; Mozina, 2010), impacts and challenges of
DG’s and MG'’s in the electrical system can be reflected in
six fundamental topics, as is described as follows:

GuarpioLA, GOMEZ-LUNA, MARLES-SAENZ, AND DE 1A CRUZ

Voltage regulation

Voltage regulation is made to maintain adequate voltage levels
for the users, by using tap changers in power transformers at
substations; line regulators and capacitors bank at feeders.

The criterion for voltage regulation is based on radial systems
with passive elements, therefore, integration of DG’s may
affect stability and efficiency of such action by modifying
the conventional power flow characteristics mentioned
above. Nonetheless, in some cases, DG’s may contribute
to a continuous voltage regulation by the contribution of
reactive power to the grid, improving voltage at its own and
neighboring busbars. Also defined as a localized or regional
control of voltage output (Arango, Carvajal, & Arango, 2011).

With aims to reduce or to determine the impacts of DG’s
integration, is important to consider dimensions and location
of the generation unit, characteristics of the regulation
element and associated transmission line. For example,
by not considering the location point of the DG's, if they are
located in a system with a common transformer, is possible
to have a voltage increased or drop in the secondary-side of
the transformer and the regulator device might not be able
to detect such event if the DG is located downstream the
regulator. Then, electrical devices may be damaged due to
modification in the equivalent load seen by the regulator or
compensator. To obtain the maximum advantages of DG'’s,
they must be located in the proper sited, to not interfere
with the distribution network and to reduce their limitations
about power injection (Grisales Norefia, Restrepo Cuestas, &
Jaramillo Ramirez, 2017; Lepadat, Helerea, Abagiu, & Mihai,
2017; Lopez-Lezama, Buitrago, & Villada, 2015; Narvéez,
Lopez-Lezama, & Velilla, 2015).

In (Granja, de Souza, Sobrinho, & Santos, 2018), the behavior
and some solutions about power quality at the PCC of a MG
are described, such as control strategies for voltage imbalance
due to nonlinear and unbalance loads; the use of a series-
parallel converter arrange to control the voltage imbalance
and current demand caused by a fault in the network, also a
closed-loop strategy for power quality are mentioned as well.
The authors studied the power quality at the PCC of a low
voltage grid located in Colombia with a photovoltaic system
at the Universidad de Ibagué, analyzing the system efficiency
and a methodology for assessment of energy quality was
proposed.

Losses

Since is wanted to take the most of DG's, this implies to
reduce electrical losses at its minimum. Here the location
of generation units plays a fundamental role to achieve this
objective, being comparable with shunt capacitors location
for reactive compensation. The difference is that DG’s have
the capacity of injecting both, active and reactive power to
the network, in a power factor range between 0,85 and 1,00,
leading and lagging if they are inverter-based generators.
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Generation units with power capacities near 10 % and 20 %
of their feeder total capacity can reduce losses notably if they
are at the proper site. Considering that most of the DG’s
are user-owned units and not from the grid operator, there
is no strict control about the DG’s installation. Therefore,
if feeder limits and capacities are not taken into account,
thermal limits of conductors and DG’s can be exceeded,
increasing the system losses, even though if they are at the
right location.

Voltage flicker

Voltage flicker occurs mainly during the generators start-
up, fluctuations in output voltage as usually occurs with PV
systems and wind energy due to its resource variations,
or significant events in DG’s that affects voltage at the
feeders. Also, voltage flicker and power oscillation can
occur due to any disturbance in the generator shaft torque
and due to generation units constructive asymmetries and
may vary with the variation of the load as well (Armas teyra
& Alvinn, 2013).

These flickers can be mitigated by reducing voltage at
the generators start-up, a more rigorous and robust
synchronization of synchronous machines and implementing
power inverters to control inrush currents and soft starter
applications, for example.

Harmonic distortion

Harmonics are introduced by DG’s, their design type and
power electronic devices associated with them as power
inverters, which are used to convert DC signals into AC
signals at the output.

The main consequences of harmonics into the network are
the high distortion levels, capacitors bank resonance and
heating of electrical equipment. For these reasons, voltage
and currents harmonics control requirements have to be met
in accordance with the standards, IEEE 519 for example. As
indicated in (IEEE, 2014), the total harmonic distortion levels
(THD) allowable for some voltage ranges are defined at the
measurement point.

Table 1. Voltage distortion limits - IEEE 519

Total harmonic
distortion THD (%)

Bus Voltage at PCC Individual harmonic (%)

V<1,0kv 5,0 8,0
1,0kV <V <69 kv 3,0 5,0
69 kV <V < 161 kV 1,5 2,5
161 kV <V 1,0 1,5-2

Source: (IEEE, 2014)

In (Khaledian, Vahidi, & Abedi, 2014) an experimental
microgrid is simulated to study the impacts of different
harmonics distortions, and a control strategy is tested in
order to reduce the THD in the source and other load sides.

Generators and transformers grounding system

Generators must be applied with an associated transformer
and a solid grounding arrangement compatible with the
electrical system, in order to avoid voltage swells, over
voltages and possible damage in electrical equipment and
generation units.

Distribution systems usually uses a four-wire-multigrounded-
neutral system because this configuration allows to limit
the voltage rise on unfaulted phases about to 125 % and
135 % of the prefault conditions for single line to ground
faults. On the contrary, while not having a solid grounding
system, voltage can increase about to 173 % of its prefault
condition on the unfaulted lines for an undefine period of
time, and could be dangerous if the DG in island mode of
operation continues to serve a group of customers (Barker &
De Mello, 2000). Also, a high-resistance grounding system
can be implemented for a single DG unit, or a low-resistance
system for several units connected in parallel o for auxiliary
transformers, nonetheless, this configurations allow high
magnitude fault currents (Torres, Marlés, & Caicedo, 2018).

To limit overvoltage’s the abovementioned configurations
can be applied, also different transformers arrangements or
vector groups and finally, the use of the transformer saturation
characteristics as described by (Barker & De Mello, 2000)
and (Mozina, 2010).

Short circuit level

One of the most notable impacts over the electrical network
and electrical devices is the short circuit level variation.
Penetration of DG’s, independently of their size or the
operational mode of the MG, rises the magnitude of the
fault current during a contingency.

All generation units contribute to load and short circuit current
in the system (Urbina, 2015). In the case of IBDG units, fault
current contributions are about 2 p.u and 3 p.u (per unit) of
the nominal current, as indicated by (Muda & Jena, 2017b).
Meanwhile synchronous and asynchronous generators have
more considerable contributions depending on their location,
size and number of units (Singh, 2013), (Coffele, Booth, &
Dysko, 2014).

Considering the fact that most MG'’s are DC types or may
have many IBDG'’s, hence, have dc-link capacitor banks at
their PCC or busbars. At the occurrence of a fault, the dc-link
capacitor discharges causing a voltage drop at the busbar;
immediately, the stored energy in the cable inductance is also
discharged by the free-wheel diodes of the power inverters
or VSC’s, which leads the VSC to operates as an uncontrolled
full-bridge rectifier because the main switches of the VSC's
turn off to protect them against an overcurrent; then, the
fault will be fed from the AC side of the grid. Therefore, there
are three main sources for fault current during a fault in a MG
besides the contributions from the elements in the AC MG
that does not use converters; dc-link capacitors discharge
current; cable inductance discharge through the free-wheel
diodes; and the AC grid current.
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To avoid affecting the VSC’s and other equipments from a
fault, the AC circuit breakers should operate in faster, at the
same time, electrical protection should act at the moment
of the dc-link capacitors discharge and then, prevent the
voltage drop and fault current flow to the VSC’s. Differential
and communication-assisted protective methods have been
proposed as a fast and reliable solution, because they more
sensitive methods than overcurrent and are able to detect
faults and to disconnect DG’s and DER'’s at ta proper time
(Monadi et al., 2017).

Taking into account the consequences that a fault will lead in
a distribution network with an integrated MG, is important
to consider the impacts and functions of protective devices
at the distribution level in the case of short circuit faults
and the possible solutions proposed at this moment, due to
the relevance of electrical equipment not only for the power
system, but for the customers.

Impacts of MG’s in electrical protections

As (Ramos, Bernardon, & Comassetto, 2013) reiterates,
distribution networks protective devices must be effective and
selective, this is, must isolate the faulted zone in a secure way
and interrupting a minimum quantity of customers. All the
impacts abovementioned have an impact over the electrical
system and protective devices present in the MG, leading to
a malfunction of electrical equipments and then, unnecessary
losses of generation units and system’s security and reliability
(Almeida, E. Leite, H. Silva, 2014).

Nowadays, MG's have to cope with the impacts of integration
of DG’s in an electrical system that have not been designed
for electricity generation at distribution or a customer level,
that counts with unidirectional protective devices and do
not consider a dynamic subsystem. According with several
authors, (Almeida, E. Leite, H. Silva, 2014; Che et al., 2014;
de las Casas & Boza, 2009; Hosseini et al., 2016; Urbina,
2015) the main challenges that MG's presents in conventional
systems are at a protective level, some of them are as follows:

False tripping

At the occurrence of a fault at any point of the system, DG
protections may act if current contribution of the unit is high
enough, in spite of the faulty zone being located in another
neighboring feeder, causing an unnecessary tripping of the
unit even of the MG. This is also known as sympathetic
tripping as illustrated by Figure 3, where the protective relay
R-A is tripped by the DG’s contribution for a fault occurred
near R-B.

Blindness of protection

By connecting a DG or a DER into the network, the equivalent
impedance seen from the feeder is increased and then, fault
currentis reduced. This affects the protective devices as relays
with overcurrent characteristics because of their dependency
of the system impedance, therefore, are unable to detect the
fault for that they have been set for.
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Figure 3. False tripping in a power system with an integrated MG.
Source: Authors

Unsynchronized reclosing

Synchronism of DG’s with the grid has to be taken into
account by the recloser, otherwise serious damages can be
caused, affecting sensitive equipments connected into the
grid and the DG as well.

Miscoordination

Most of distribution systems use overcurrent protective
devices, such as fuses, in the case the fault current is
significantly less than the equipments rated value they might
not operate correctly because their filament won’t melt and
then, the circuit or faulty zone is not going to be isolated,
leaving the fault still present in the system as the relays and
reclosers won’t be able to detect it either (Khederzadeh,
2012).

In addition, relay-fuse coordination is done according with
the possible fault paths and in a MG, by including several
DG’s and different topologies possibilities, fault paths may
be many (Piesciorovsky & Schulz, 2017). In case of recloser-
fuse coordination, by varying the fault current according with
system’s topologies, the recloser and fuse may not detect
the anomalies presented, even operate improperly (Su, Liu,
Chen, & Hu, 2014).

Many possible solutions have been proposed to maintain
protective coordination in conventional distribution networks
to guarantee system’s reliability. Some proposals haven
been implementing a fly wheel as an storage system and
generation units with high fault current contribution in the
MG as a way to increase fault current in islanding mode
for the overcurrent devices to be able to detect the fault
(Che et al., 2014; L. L. Do Nascimento & Rolim, 2013;
Mahat et al., 2011). At the time of changing from grid-
connected mode to island mode, the relay protective scheme
changes from overcurrent to distance (S. Voima et al., 2014).
Implementing differential relays and voltage transformers to
detect faults resistance is another alternative, nevertheless,
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lots of information have to be transferred between protections
devices and data concentrators, also, a complex software
is needed (Ehrenberger, 2015). Is proposed by (Bhattarai,
Bak-Jensen, Chaudhary, & Pillai, 2015) to disconnect all DG’s
and DER’s once a fault have been detected in the MG to
maintain protection coordination settings.

As it has been mentioned earlier, the integrations of DG’s

modify the system’s existing conditions for protective devices.

Settings and coordination can be set for a MG in islanding
mode of operation, but at the moment it gets connected
to the main grid these settings must be replaced for those
according with the new operational characteristics of the MG,
including the macrogrid and/or the effects of contingencies
in the network. A fixed or static group of settings becomes
a more complex decision due to the many possibilities or
changes that can occur inside the MG.

Protection schemes that can operate in any situation and
conditions are then required for both, grid-connected and
islanding mode and with any number of DG’s, DER’s and
storage systems during a specific time. In general, any scheme
that considers a dynamic behavior without losing protective
coordination and reliability. This is possible through more
efficient protection devices, such as numerical relays, and
more robust communication links, in order to obtain a more
accurate response in the equipments present in the MG and
implementations economically viable in comparison with
the possible losses in a MG without the correct electrical
protection. Another possible solution proposed to protect a
MG integrated in a distribution network, are those protection
schemes that consider the constant changes and variations
mentioned above as a feedback, and with this information
they adapt to every condition presented in the system.

Adaptive protections

The dynamic behavior is one of the main characteristics
or consequences due to the integration of MG’s. Then,
to operate normally and correctly the MG has to adapt to
the variable parameters and the system demands. MG’s
must have an administrative system or control system that
allows protective devices to act and behave as they should in
each branch or section of the distribution system (Sitharthan,
Geethanjali, & Karpaga Senthil Pandy, 2016). Hence, these
systems will be capable to protect the MG in any of their
operational modes (S. Voima et al., 2014).

In this context, a possible solution for the impacts of DG
and MG'’s in electrical distribution networks, considering the
attempts to maintain coordination and the protection of the
network with conventional schemes, are those protection
schemes that modify their settings according with topological
and significant changes on the network parameters, the
implementation of adaptive protections is then suggested.

The concept of the adaptive protection evolved in the 1980’s
due to the emergence of computer based relays, which
allowed to implement several protection functions more easily
and to modify their operational characteristics, qualities that
were not found in electromechanical and static relays (Alstom

Grid, 2011; CIGRE. Commitee 34, 1995; S. Voima et al.,
2014). In this way, adaptive protections also makes sense
under the concept of smart grids, where the grid tends to
integrate the users and generators at any scale, in order to
provide a more secure, economical, reliable and efficient
electricity (Sampo Voima & Kauhaniemi, 2012). Then,
adaptive protections can be defined as “a set of functions
that allows the adjustment of their parameters according to
modifications or new system requirements, making use of
communication protocols” (Gomez-Luna, Candelo, Marlés,
Guardiola, & de la Cruz, 2017).

Is necessary to detect the current state of the network
according to the total number of connected and disconnected
DG’s to modify the settings of protective devices. Then
some calculations have to be done to select the most
accurate settings according with the protection function.
Communication links are used among the different relays,
generation and storage units in the MG and, as mentioned
above, an administrative system capable to coordinate all the
modifications in an efficient and correct manner in the whole
distribution system with the MG. Nonetheless, this is not a
task that can be achieved with any protection equipment.

The protection equipments, such as relays, must fulfill some
basic characteristics, in order to be implemented in an
adaptive scheme and to guarantee their correct operation. In
accordance with (Khederzadeh, 2012) and (Hosseini et al.,
2016), some of these requirements are:

e Being a digital or numerical relay.
o Several setting groups to be modify locally or remotely.

e Have a programmable logic and allow the interaction
with the user.

o Self-testing capabilities, oscillography and sequence-
of-events recordings.

e Data transfer through communicative protocols and a
communicative infrastructure.

Another characteristic of adaptive protections is the way
they interact with all the elements present in the network,
a MG in this case; and the process in which coordination
and interaction takes place, whether they are coordinated
under a specialized management center or if the protection is
adapted in an independent way according to the parameters
it detects on its zone of operation. This protection schemes
are identified as a centralized or decentralized structure and
their applications is extended to both, AC and DC MG’s. A
centralized scheme consists on a central unit or management
center that stores and analyzes all the information related to
the MG. It establishes communication links and monitoring
in every element, and sends control and trip signals one
the network conditions have been modified (see Figure 4)
(Hosseini et al., 2016; Kawano et al., 2010).

On the other hand, the decentralized scheme consists
on agents (software and hardware) distributed along the
equipments in the MG. These agents communicate to each
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other and interact without a central or global unit, transmitting
and analyzing data in a more simple and fast way, as illustrated
by Figure 5. Even by dividing the electrical network into zones
of operation, agents can establish a more accurate control
and protection, this is another application of decentralized
schemes that allows to locate and isolate faults in a more
effective way (Alwala, Feliachi, & Choudhry, 2012; Brahma &
Girgis, 2004; McArthur et al., 2007; Moradi, Razini, & Mahdi
Hosseinian, 2016).

MAIN GRID

Figure 4. Decentralized adaptive scheme.
Source: Authors
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Figure 5. Centralized adaptive scheme.
Source: Authors

Benefits of adaptive protections

As has been mentioned, adaptive protections are an approach
to overcome the impacts of the integration of DG’s and
MG'’s in electrical distribution networks, and to be able to
get more out of the wide advantages they offer to the grid
and customers by the integration of substation control and
data acquisition with energy management systems. Even
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though, when modern electrical networks tend to customers
and generators interconnection through technology and
communication links.

From both protective schemes described in the last section, is
necessary to recognize the benefits and advantages they have
to offer. The centralized scheme provides a complete and
constant monitoring of the MG. Hence, with any change in
their characteristics, the central unit will receive signals from
any equipment and device and then, evaluate the networks
conditions according to the operational state of every unit
and if necessary, update their protective settings or control
parameters. The central unit will store the new characteristics
of the MG in the case that this configuration is presented
again in the future. Worth noting that this scheme ensures a
adequate protection coordination because no element acts or
modify it parameters arbitrarily until they have been validated
by the central unit or management center (Azari, Ojaghi, &
Mazlumi, 2015; Hosseini et al., 2016).

In general, the decentralized scheme offers the possibility
of addressing major problems by dividing it among the
different agents present in the MG, where each of those
have a specific function and responsibility. Their evaluation
process and analysis is limited by the interaction with nearer
agents, present in their zones of influence. The protection
coordination and control is done only by the information
that the others agents can provide. A great advantage of this
scheme is the flexibility and modularity of their application,
since they allow and easy incorporation and extraction of
agents as the MG is extended or modified (Moradi et al.,
2016). One of the agents application is the implementation
of a protection coordination platform known as MAS-ProteC
in another platform to simulate future power systems
and manage smartgrid markets (Oliveira, Pinto, Morais,
& Vale, 2012).

Conclusions

The use of alternative and renewable energy resources might
be very advantageous, mainly by the fact of reducing the use of
fossil fuel-based energies. However, the inclusion of energy
sources or distributed generation units into the electrical
system, forming distribution subsystems as microgrids, must
be study and analyze carefully. The impacts over the power
system must be reduced, in order to obtain the maximum
advantage of these resources and to guarantee the quality of
electrical service, and security for the wells and customers
utilities.

Impacts of distributed generation in microgrids can be
very significant since the electrical protection point of view.
This is why this paper aimed to contextualize the impacts
and challenges of integration of distributed generation over
the protective devices, presenting one of the alternatives
proposed by several researchers as adaptive protections.
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