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ABSTRACT: Power generation is typically based on fossil fuels,
which contribute to global warming. As a result, to mitigate
global warming, Renewable Energy Sources (RES) are being
integrated into power systems as superior alternatives to
traditional fuels for generating energy. However, integration
faces socioeconomic and technical hurdles. This review
examines the issues posed by RES integration to power system
stability, fault protection, and location. The knowledge-based
approaches, impedance and low frequency-based methods,
and high frequency and travelling wave methods are fairly used
to solve the issues of fault location in power systems. The
knowledge-based methods are more exact and faster than the
other two fault location methods assessed. The Flexible
Alternative Current Transmission System (FACTS) devices, as
well as the allocation of Distributed Generation Sources (DGS),
the Superconductivity Fault Current Limiter (SFCL), the
Controllers, and the virtual DGS, are used to address the
challenges of power system stability caused by the integration

of RES in the system. These findings are important to
researchers and power system operators because, if
implemented, they can increase the usage of RES sources in the
power system, reducing global warming and ensuring a
sustainable environment.

Highlights:
•
The impact of RES on fault location is solved using
knowledge-based methods.
•
Optimized and programmed relays are applied to
mitigate the impact of RES on protection schemes.
•
Virtual DGs are applied to solve the impact of RES on
power system stability.
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INTRODUCTION
Power generation relies on fossil fuels and nuclear
radioactive materials for electricity generation, the world is
confronting global warming, air pollution, and oil spills. As
a result, a global movement to reduce reliance on fossil
fuels was launched, with RES being highlighted as one of
the best strategies to reduce green gas emissions and
preserve the environment (Zahedi, 2011). The worldwide
replacement of fossil fuels with renewable sources for
electricity generation (Zarei and Zarei, 2012) has opened

up new research frontiers in the application of renewable
technologies for promoting Hydro, Wind, Photovoltaic,
Geothermal, and Bio-power generation as environmentally
friendly methods of generating electric power. In 2018,
RES generation capacity accounted for 26% of global
power generation (Kusch-Brandt, 2019). The percentage
is a sign of encouragement in the growth of RES use and
the global push for the replacement of fossil fuels with
Renewable Energy Sources (Kusch-Brandt, 2019). The
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capacity of RES electricity generation in 2018 was 2,378
Giga-Watts (GW). The most capacity was contributed by
hydropower (1,132 GW), followed by wind power (591
GW). Furthermore, PV took third place with 505 GW, while
bio-power generation took fourth place with 130 GW. Biopower generation capacity ranked fifth with 66.143 GW,
followed by 13.3 GW of geothermal power capacity. The
capacity of Concentrating Solar Thermal Power (CSP) was
5.5 GW, whereas the capacity of Ocean Energy was
0.5GW.
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Papathanassiou, 2009). Similarly, the International
Electro-technical Commission (IETC) and the leading
countries in the development and use of renewable energy
sources adopted comparable guidelines. Furthermore, the
key to meeting these requirements is to resolve the
technical challenges depicted in (Figure 1), namely:

Aims of integration of RES in power system
The advantages of integrating renewable energy into
power systems include reduced global warming and the
provision of reliable, secure, and inexpensive electricity to
residential, commercial, industrial, and administrative
locations (Qazi et al., 2017). Other advantages include
lower transmission and distribution costs, lower
maintenance costs, postponed expansion of transmission
infrastructure, improved system voltage profiles, and
increased dependability (Labis et al., 2011). Government
subsidies for the use of alternative fuels, advancements in
renewable technology, and increased energy generation
capacity to satisfy the country's high demand all aided in
the integration (Kuiava et al., 2014). However, one of the
disadvantages of RES is that its outputs are unstable.

The stochastic output power of RES
Because of the stochastic nature of solar irradiance and
wind speed, the output power of RES such as wind and
solar is stochastic. As a result, before connecting ReDGs
to the grid, developers must meet stringent regulatory
standards for power quality, voltage and frequency
management, and fault ride capabilities. One of the
traditional remedies to voltage and frequency instability at
the outputs is to store power generated from renewable
sources in batteries before sending it to consumer
terminals. However, given the high cost of battery storage
and maintenance, this solution is too expensive. As a
result, the researchers presented various alternate
alternatives.

Regulatory requirements for integration of the RES
Because of the unstable output power of RES, Standard
IEE P1547-2003 was enacted as a regulatory requirement
for their grid connection (Basak et al., 2012) to govern their
impact on power system stability, fault ride through,
harmonics, fault protection, and placement. These
standards address power quality, reactive power support,
ReDG fault ride-through capabilities, voltage and
frequency regulations,
and so on (Tsili and

Figure 1: Schematic view of technical challenges faced by
the integration of RES in the power system (Kaddah et al.,
2015; Prakash et al., 2015; Singh and Reddy, 2013; Tiwari
et al., 2014).

• Change, especially, a switch from unidirectional to
bidirectional power flow in the distribution system.
• Harmonics in voltage, current, and frequency, as well as
flickers
• Induction Generator Wind Turbines consume reactive
power from the grid.
• The disparity between demand and distributed renewable
energy sources.

Technical challenges faced by the power system due
to the integration of RES
The integration of RES with their modern control schemes
in the power system has created many technical
challenges to power system operation. These challenges
are depicted in (Figure 1) namely false tripping; protection
blinding; unbalancing between demand and power
generated from RES; fault ride-through capability of RES;
harmonics; flickers; voltage and current instability as well
as frequency instability (Kaddah et al., 2015; Prakash et
al., 2015; Singh and Reddy, 2013; Tiwari et al., 2014). In
addition, the difference in fault current levels, bi-directional
current flow, equipment loading, and voltage swell and
voltage dips are other technical challenges. All the
challenges are because of differences between the steady
and dynamic behaviour of a conventional power system
and the grid integrated with RES in the distribution system.
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Related works, contributions, and organization of the
review
Labis et al. (2011) stated the cost-effective and
environmentally sustainable way of providing electricity to
a village is to replace fossil fuels with RES. In addition, the
result obtained shows the integration of RES in the
distribution system is cost-effective for supplying electricity
to a remote village, compared to fossil fuels for twenty
years’ period, considering fuel cost and cost of green gas
emission. Zahedi, (2011) reviewed the factors that aid the
integration of renewable and non-renewable DGs in the
power system, some of the problems been faced, and the
prospects of RES. The authors considered the impact of
different types of RES and their locations on power losses
and voltage stability. However, they did not consider the
impact of RES integration in power on fault protection and
location. Kennedy et al. (2016) considered the technical
challenges of the micro-grid protection system due to the
high penetration of RES in the distribution system.
Moreover, the result showed that the application of autoreclosers and coordination of protection devices can
resolve the technical challenges of the micro-grid
protection, both in grid-tie and in islanding modes of
operation. In addition, the authors recommended the
increase of duration of attempt reclosure to more than two
seconds, and the application of fast communication
between protection devices to enhance their speed and
selectivity. However, the applications of rule-based
algorithms, optimization techniques for uniform tripping or
improved
relay
protection
coordination
remain
unreviewed. In addition, the authors did not study the
challenges faced by fault location in power systems due to
the high penetration of DG.
Lupangu and Bansal, (2017) reviewed the challenges
faced by the present state of Photovoltaic system
integration in power systems, due to policies, PV cell
development, Maximum Power Point Tracker (MPPT), the
impact of power electronic inverters and converters,
methods of managing energy and scheduling, power
quality and control. Pesaran et al. (2017) reviewed the
application of optimal allocation of DGs in the distribution
system considering objectives functions and, constraints
using different optimizers. They stated that the
optimization techniques could enhance the accuracy,
efficiency, security, power quality and reliability of the
power system integrated with Re-DGs. However, the same
authors did not review the technical challenges faced by
the fault protection and location schemes and power
system stability due to the integration of RES in the power
system.

Review gap, its importance and relevance
The review aims to fill in the above-mentioned gap.
Moreover, its objectives are to review the progress made

in solving the technical challenges of power system
stability, Fault Protection and Location due to the
integration of RES in the Power System. In addition, it
would report the unsolved technical challenges. This
review is important and relevant to the researcher
community and the power system operators, the
equipment manufacturers, and the policymakers. This is a
means of enlightening them with new methods of solving
the challenges and the present research trends in solving
the challenges. These would enhance the utilization of
renewable energy sources for achieving the united nation
framework convention on climate change (UNFCCC)
signed in Rio de Janeiro in June 1992. This review has four
sections. The first section is the introduction; the second
section discussed the benefits and demerits of RES
integration in the power system. The third section is the
summary of challenges faced by System Stability, Fault
Protection, and Location Schemes due to RES integration
into the power system. The fourth section contains the
research works conducted to solve the challenges faced
by fault protection, and location due to RES integration in
the system. Section five Lastly, the review contains the
conclusion, which summarized the main points.

CATEGORIES OF POWER QUALITY DISTURBANCES
The power quality disturbances are categorized into
voltage changes, current changes, transients and
harmonics in the dynamic state (Khokhar et al., 2015). The
first category is caused by line fault or connection of huge
loads, while the second category is a result of a lightning
strike or capacitor bank switching (Khokhar et al., 2015).
The third class is due to the introduction of power
electronic converters and nonlinear loads in the power
system (Khokhar et al., 2015). The authors in ref. (Jusić,
2016) stated that the power quality problem is a result of
unsatisfactory analysis and the un-optimal placement of
DGs in the distribution system.

Benefits of integration of RES in the power system
Abdel-Ghany et al. (2015), Tan et al. (2013), Karatepe et
al. (2015), Borges, (2012), and Abdi and Afshar, (2013)
reported improvements in power quality and reliability if
DGs are appropriately positioned and sized in the power
system (Figure 2). The incorporation of renewable energy
sources (RES) into the distribution system for electricity
supply to rural settlements avoids the high cost of
establishing long distribution lines and saves the expense
of expanding transmission capacity (Chaurey et al., 2004).
The appropriate placement of DGs in a distribution system
near load centres can avoid the need to transport a
substantial amount of power, reducing stress on
transmission lines (Lopes et al., 2007). (Short, 2004). It
can reduce copper losses (I2R losses) (Kalambe and
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speed, the output power of PV and wind turbine DG is
unstable (Viral and Khatod, 2012). If DGs are not optimally
allocated, this can bring instability to the system (Viral and
Khatod, 2012) and may cause excessive voltage levels
and an increase in power losses (Viral and Khatod, 2012).
During islanding operations in the distribution system with
connected DGs, the line crew and the public can be
endangered due to overvoltage in the system (Short,
2004), (Khamis et al., 2013).

TECHNICAL CHALLENGES FACED BY POWER
SYSTEM STABILITY, FAULT PROTECTION, AND
LOCATION

Figure 2: Block diagram of positive and negative impacts of RES
integration in power system

Agnihotri, 2014), (Pepermans et al., 2005), (Kansal et al.,
2013). Optimally placed DGs in the distribution system can
defer the expansion of transmission line and feeder
capacities (Wang et al., 2010), (Brown and Koutlev, 2001).
Figure 2 shows the merits and demerits of RES integration
in the power system. The optimally operated DG can
reduce the cost of power system operation, because of
flexibility in its operation during fluctuation of electricity
demand (Benoit I, 2003). The incorporation of DGs into the
distribution system can solve the problem of feeder
overloading (Zeinalzadeh et al., 2015). It can also reduce
environmental pollutants, resulting in lower greenhouse
gas emissions and healthcare spending (Viral and Khatod,
2012). This form of integration has a short lead time and a
minimal investment risk (Celli and Pilo, 2001). The
integration of DGs in distribution system segments is
simple and can be completed in a short time (Viral and
Khatod, 2012). The distribution system's small segmented
DG can carefully track the changing load pattern (Viral and
Khatod, 2012). Because DGs are smaller in size than main
generation facilities, they require less space, making their
connection in the distribution system close to the load
easier (Gozel et al., 2005). (Viral and Khatod, 2012).
Furthermore, connecting the RES in the power system in
an inefficient manner might result in some disadvantages,
as discussed in the next subsection.

Demerits of RES integration in the power system
As illustrated in (Figures 3 to 6), the integration of RES in
the distribution system has a detrimental influence on the
electricity system. Harmonics in the distribution system
can be introduced by DG integration (Short, 2004). Wind
turbine DG blade rotation is affected by tower shading,
resulting in voltage flicker in the DG output (T. Sun et al.,
2005). Because of fluctuations in solar irradiance and wind

The incorporation of DG into the distribution system has
resulted in an increase in fault currents and a lack of
coordination in power system safety (Abdel-Ghany et al.,
2015). Basak et al. (2012) reported the challenges to fault
protection and detection, and the stability of the system.
Technical challenges like transient instability, voltage, and
current variations can occur in the system with embedded
DGs when a big disturbance like fault occurs in the system.
This occasionally results in purposeful or unintended grid
islanding operations. When the system is subjected to
lightning strikes or human error, the issues become more
viable (Gururajapathy et al., 2017). According to (Gabr et
al.,
2017),
environmental
conditions,
outdated
infrastructure, and poor maintenance are some of the
leading causes of system malfunctions. Faults are
unavoidable, and they occasionally impede the continuous
delivery of safe and reliable electricity to consumers
(Alanzi et al., 2014).
Once they have occurred, system protection schemes
must take proactive measures to protect operation
employees, and power equipment, and assist the power
system in maintaining a safe and steady electricity supply
to load centres. To do this, power utilities devote significant
amounts to the research and development of fault
protection methods, control and stability measures, and
power system integration with RES. Furthermore, the use
of these sources affects the quality of power delivered to
consumers, the decreases in operational costs, and the
high returns on investment.

Technical challenges faced by fault protection and
location
Figure 3 depicts the fault current contributions of DG1 and
DG3 during faults A and B. The connected DGs contribute
to the fault currents, transforming the current flow from
unidirectional
to
bidirectional
(Boutsika
and
Papathanassiou, 2008). The flow change interferes with
the performance of the relay protection coordination
(Gopalan et al., 2014). Moreover, the disruption must be
resolved. Another challenge facing the integration of wind
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power generation is the consumption of variable reactive
power by wind Squirrel Cage Induction Generator Wind
Turbine from the main grid. The consumption has a direct
negative impact on voltage and transient stability of the
power system and its power quality if not properly
managed. The consumption pattern is stochastic as a
result of the stochastic nature of the wind turbine because
of variation in wind speed. Other factors responsible for the
stochastic output power of Photovoltaic (PV) and Wind
DGs in the power systems are PV panel shedding, shadow
effect of wind tower on rotor blades, the vibration of turbine
tower, gearbox and blades.
Bidirectional current flow and difference values of
fault currents
The impact of DG integration in the distribution system on
power system protection methods is determined by the
system topology, number, and type of DGs linked. The
integration transformed the power flow in the system from
unidirectional to bidirectional current flow, as seen in
(Figures 3 and 4). Furthermore, this alters the pre-fault and
post-fault current levels (Singh and Reddy, 2013). Figure
4 depicts a circuit schematic for linking synchronous and
inverter-based DGs to the grid. Furthermore, the
synchronous-based DG contributes a higher fault current
(Pgrid) than the inverter-based DG (Gerald et al., 2005).
As a result, it has a significant impact on power system
security (Zeineldin et al., 2015).
The small difference between pre-fault and post-fault
currents in PV power generation
Renewable DG output power is stochastic, and there is a
slight variance in pre-fault and post-fault current levels in
PV power generation. As a result, a distribution network
that includes PV power generation necessitates sensitive
fault current prevention coordination algorithms (Zhan et
al., 2016; Singh et al., 2016). Generally, a distribution

network integrated with RES required well-coordinated
relay protection, which can quickly eliminate the fault
section in the network and maintained electricity supply to
unaffected feeders. To improve the reliability backup
protection must be introduced to take over the function of
the main protection (Zeineldin et al., 2015) in case of its
failure. The authors in ref. (Chang, 2016) believed relay
protection coordination should ensure fast, selective and
reliable relay function, to disconnect the fault section and
maintain the power supply to the remaining network This
is achievable by redesigning the conventional protection
and location, and diagnostic techniques of the network
taking into consideration the impacts of DGs.
False tripping and protection blinding of conventional
protection schemes
The bidirectional current flow in the power system due to
the integration of the renewable DGs has affected the
operation of conventional protection schemes because
their response cannot clear the fault, due to false tripping
and protection blinding (Tiwari et al., 2014), as shown in
Figure 5 and 6 respectively. Relay 2 in Figure 5 measured
fault currents from the substation and DG connected in the
adjacent feeder. This makes the relay record a high fault
current leading to tripping of the healthy feeder (Xyngi and
Popov, 2010). The relay in Figure 6 did not have the fault
current contribution of the DG; hence decrease in the value
of the measured fault current. This leads to protection
blinding, in which the relay refused to trip. The magnitude
of false tripping and protection blinding depend on the
types of DGs, and their locations as well as the fault
positions in the power system.
PROGRESS MADE IN SOLVING THE TECHNICAL
CHALLENGES FACED BY FAULT PROTECTION AND
LOCATION
It is very crucial to resolve the technical challenges faced
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by fault protection and location schemes due to the
integration of RES in the power system. Therefore, the
power system operators and researchers are making more
effort in developing different solutions for fault protection,
identification, and location (Bahmanyar et al., 2017) to
enhance the integration of RES in power. Moreover, this is
a better way of generating electricity in an environmentally
friendly way, leading to a reduction in global warming.

Application of algorithm and optimization techniques
The effects of erroneous tripping and protection blinding
were addressed by (Xyngi and Popov, 2010) by employing
the IEC61850 communication standard and the fast
busbar-based relay algorithm, which can offer uniform
tripping of varied CBs. Communication and pickup status
of time delay and over-current relays were used in ref (Guo
et al., 2016) to improve relay protection coordination for
fault protection and location. In the previous reference
(Zeineldin et al., 2015), optimization of dual relay settings
was applied, which increased relay protection
coordination. In ref. (Shih et al., 2014), relay coordination
was improved by optimizing the sensitivity and selectivity
of the directional over-current relay using a differential
evolution technique.

Application of updating the relays trip settings
improved reclosing, tripping time and coordination
Turner and Member, (2012) enhanced the relay protection
coordination through reduction of reclosing and tripping
timing by applying high-speed communication assisted
tripping and sectionalizing the distribution system using
numerical relays. Mahat et al. (2011) reported the
improvement of relay protection coordination through
updating its trip settings using relay status detection
technique; current measurement and time over-current
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characteristics of the relay to locate fault sections, leading
to islanding formation. While Sinha and Zaidi, (2015)
reported on relay coordination improvement by employing
definite time over-current relays and directional
overcurrent relays to handle the protection problem of
various fault current levels during islanding operation and
when the island is reconnected to the main grid.
He et al. (2017) recommended the use of local
information coordination and regional information sharing
between substations and master substations to tackle the
problem of the complex corporation and parameter
settings in relay backup protection. Singh and Reddy
(2013) improved relay protection coordination by
implementing communication between DGs and relays for
changes in relay settings and fault section isolation
anytime the network topology changed.
The relay protection coordination improvement was
accomplished in (Orji et al., 2017) by using a
microprocessor-based
multi-function
monitor
and
protection coordinate method to segregate fault sections,
locate HIF and arcing faults, and let the health sector of
the microgrid to stay operational (Orji et al., 2017). The
improvement of relay protection coordination by
microprocessor-based relay programming to overcome
the problem of fault current level disparity between grid
linked and island modes of low voltage microgrid was
reported in (Zamani et al., 2011).
The researchers have applied the knowledge-based,
impedance matrix and low frequency, high frequency and
travelling wave methods to solve the challenges faced by
fault location schemes as reported below.

Application of statistical and artificial intelligence
methods for fault location
Jian-cheng, (2014), Biscaro et al., (2016), statistical
analysis and wavelet transform methods were utilized to
locate faults in the HVDC distribution line in three phases
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balanced radial feeder. For the location of a single fault,
the method in (Jian-cheng, 2014) is confined to the use of
a distributed parameter model of the HVDC distribution
line and a travelling wave speed of 2.99x 106 m/s.The
speed of the travelling wave affects measuring accuracy in
this method, which has to be investigated. According to
Biscaro et al. (2016), fault features were retrieved using
wavelet transform and faults were identified using the
Fuzzy-ARTMAP neural network. This strategy is efficient,
quick, and intelligent. In, it was stated that advanced signal
processing in wavelet, ANN, and fuzzy logic systems were
used to detect HIF in subterranean distribution networks
(Rafinia and Moshtagh, 2014).
It has a detection inaccuracy of 1.5 per cent for load
changes and fault circumstances. The fact that only one
DG was incorporated into the distribution network is one of
its limitations. Jamil et al. (2015) used Discrete Wavelet
Transform and Fault Location Scheme to detect ten types
of faults in an unbalanced underground distribution
network, where fault inception angle and loads had little
effect on the outcome.
The approach has a 95% accuracy rate. At 0.9° fault
initiation angle, it is limited to zero-ohm fault resistance.
The authors, however, did not investigate the
measurement accuracy of different fault resistance values
at different fault inception angles. Chang, (2016), Jain and
Gawre, (2016), and Ali et al. (2017) reported on the use of
ANN, two-layer feed-forward neural network, probabilistic
neural network, power spectrum wavelet transforms,
discrete wavelet transforms, and wavelet transforms for
detection, extraction, classification, and location of faults
in
distribution
networks
Ngaopitakkul
and
Leelajindakrairerk, (2017).
The method in Chang (2016) has a drawback in that it
only applies to a transmission network in an industrial
scenario where a lump parametric model was evaluated.
The technique's downside is that it employs the
transmitting end feeder measurement method, which is
less accurate than the two-feeder end measuring
approach. The method in ref. (Jain and Gawre, 2016) has
a limitation that only a single failure in the middle of a long
distribution line (200km) was considered. Therefore, the
effect of introducing multiple faults, on classification
accuracy achieved (97.905%) can be investigated. The
shortcoming of Ali et al., (2017) technique is that only a
single line to ground HIF was examined. Furthermore, it
entailed a time-consuming procedure of creating a
reference database. The authors' code was not changed
to capture the LLG and LLLG high impedance problems.
The method in ref. (Ngaopitakkul and Leelajindakrairerk,
2017) has a fault classification accuracy of 99% and a
computed fault distances accuracy of 100%. It involved the
use of transposed short underground distribution line
model. This method was applied to a transposed medium
overhead distribution line. The authors in ref. (Kong et al.,
2016) applied the foraging technique of Bacteria, and
parametric coding to model the transient currents

measured from Fault Terminal Units (switches). They
applied this technique to locate the fault in a distribution
system with three DGs. The advantage of the method is
the detection of fault events with EMI in the transient
currents measured.
Application of statistical and artificial intelligence (AI)
methods for fault diagnosis
Santos et al. (2017), Mortazavi et al. (2018), and Santos
et al. (2018) reported on the application of DWT, statistical
wavelet transforms, decision trees, and vector machines
for diagnosing HIFs in the distribution system (Kar and
Samantaray, 2016). The technique in ref. (Santos et al.,
2017) has the advantage of being able to group high and
low-frequency HIF voltage components and distinguish
them from three-phase fault and switching events.
Its downside is that it only allows for the insertion of one
DG. The search field reduction method has a 54.44 per
cent accuracy for detecting HIF and 54.44 per cent
accuracy for locating HIF. The approach in (Mortazavi et
al., 2018) has a restriction in that it only applies to short
distribution lines (70km). The developed algorithms have
a 56.2 per cent accuracy in recognizing 153 linear load
switching occurrences. As a result, there is an opportunity
for improvement.
The method in (Kar and Samantaray, 2016) has a
restriction in that it is applied to micro-grid. The method's
shortcoming is that 70% of the fault characteristics from
MODWT were used to train the classifier. Particle swarm
optimization, ANN, Genetic Algorithms, and the bistable
system were employed for fault diagnosis in the active
distribution network in (Ge Liang et al., 2014) and (Gao et
al., 2016).
The method's drawback (Gao et al., 2016) is that it can
only identify SGF when used with two DGs on a short
distribution line (20 km maximum length). The method's
drawback is that it requires a lot of computations. The
approach in ref. (Ge Liang et al., 2014) has one DG in the
simulation model, which is a limitation. The statistical and
AI strategies for addressing the unfavourable impact of DG
on power system failure diagnosis, only the authors of (Ge
Liang et al., 2014) and (Gao et al., 2016) use up to three
synchronous Generators as DGs in distribution systems to
locate faults using AI approaches. They did not consider
the DGs because they are not environmentally friendly.
Most researchers' knowledge-based techniques did not
cover numerous faults of varied resistances and fault
inception angles. Furthermore, this has an impact on the
precision of the approaches used.

Application of the impedance
frequency-based method

matrix

and

low

Alanzi et al. (2014), and Bakar et al. (2015) reported on a
fault location approach that uses voltage measurements in
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the distribution substation before and during the fault
(2014). In the 33kV distribution network, Alanzi et al.
(2014) used Clark's Transformation and voltage similarity
approaches to identify and locate the 1 and 10 LGF, LLGF,
LLF, and LLLF faults at 0° and 90° inception angles.
To extract and localize HIF faults in the 11 kV
subterranean distribution network, Bakar et al. (2014) used
discrete wavelet transformations and multi-resolution
analysis. The authors used an approach that involved
measuring the voltage of the sending end feeder in the
distribution substation. Furthermore, as compared to twofeeder end voltage measurements, it does not produce
improved findings. Due to the low average absolute
differences in Wavelet Transform coefficients utilised, the
prediction-based ranking analysis technique may not
always yield a correct conclusion (placement of fault
section).
To locate HIF, single, and multiple failures in the
distribution system, an impedance matrix and algorithm
were employed. Gazzana et al. (2014), Daisy and Dashti,
(2016), Soheili and Sadeh, (2017), Torres et al. (2014), Ma
and Tian, (2016), Sun et al. (2017), Gazzana et al. (2014),
Daisy and Dashti, (2016), Soheili and Sadeh (2017). The
method's drawback in (Torres et al., 2014) was that it was
only used to detect defects in feeders. It can detect defects
in distributors and service mains after being modified. The
method in (Ma and Tian, 2016) has the limitation that its
accuracy in determining fault distances is dependent on
the type of fault. It can only calculate one defect distance
at a time. This review suggests that it be modified to
compute numerous fault distances for distinct fault kinds.
The advantage of the method in (Sun et al., 2017), it can
detect single and multiple faults and is independent of the
type of faults and fault impedances. The method in
(Gazzana et al., 2014) has 99.08% accuracy in the
estimation of 0 Ω and 15 Ω LGF, LLGF, LLF, LLLF fault
distances in 13.7 kV feeders. Moreover, the accuracy in
estimating the location of the 30-Ω fault in the same
feeders is 99.02%.
The method needs improvement for the estimation of
fault distances of two-phase to the ground and three
phases to ground fault configurations in 33 kV primary
distribution feeders of different topologies. The method in
(Daisy and Dashti, 2016) has maximum errors of 0.43% for
100Ω faults and 0.1623% for 50Ω faults, obtained from
simulation results. The method can locate a single phase
to ground fault, using a balanced distributed parameter of
the distribution line model. Therefore, it needs modification
for application to asymmetrical short and medium
distribution lines, to capture three-phase faults.
The approach of Soheili and Sadeh, (2017) detects HIF
with an accuracy of roughly 95% and is unaffected by
network configuration, fault impedances, or fault
distances. However, the narrowband frequency spectrum
of the measuring instrument utilised (ION 7650) rendered
measuring the basic fault features related to three-phase
currents and single-phase voltages impossible.
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Application of the impedance matrix and three-phase
equation method
For fault location in distribution networks, (Gabr et al.,
2017), (Si et al., 2016), and (Time Domain Analysis for
Fault Location in Power Distribution Systems Considering
the Load Dynamics, 2017) used voltage and current
measurements at distribution substations, the formulation
of impedance matrix and three couple phase equations,
and dynamic load modelling. The authors of (Gabr et al.,
2017) did not use the iterative approach and included
several circumstances, such as intermediary loads, timedependent loads, no balanced condition, and distribution
line topology, in their overview of this method.
The method described in (Gabr et al., 2017) can be used
to locate faults in an imbalanced 11kV distribution system
with a single step-down transformer. As a result, it may be
modified and used to find problems in a 33kV balanced
distribution system with numerous transformers and a ring
topology of feeders. The method's limitation (Si et al.,
2016) is that it can only detect a single-phase problem. As
a result, it can be changed to capture LLF, LLGF, and
LLLGF. The method described in (Time Domain Analysis
for Fault Location in Power Distribution Systems
Considering Load Dynamics, 2017) may detect faults in
unbalanced distribution networks that are single-phase,
double phase, or three-phase. Nonetheless, the accuracy
of its fault location estimation is dependent on the
measurement time of stable and transient voltages and
currents.

Application of substation
measurement method

voltage

and

current

Majidi et al. (2014), and Ren et al. (2014) employed
voltage and current measurements at distribution
substations and feeder nodes before and after fault
occurrences to find single faults and HIF in distribution
networks (2014). The results of (Majidi et al., 2014) can
locate LGF, LLGF, LLF, and LLLF of varied resistance
values satisfactorily. The method's scope can be
expanded to detect problems in a three-phase distribution
system with active RES. The method in (Ren et al., 2014)
has the following advantages: it can find HIF faults in mesh
and radial distribution networks with two DGs. It is confined
to HIF detection and has a 1% error rate. As a result, its
scope can be expanded to include numerous sorts of
problems. The fault's reactance value and the Fibonacci
approach were used to locate the fault in the active
distribution system (Orozco-Henao et al., 2017). The
technique's advantage is that it uses fewer measuring
nodes than the traditional method, such as the line
reactance method. Its disadvantage is that as line loading
decreases relative to nominal load or fault distances
increase, the accuracy of the computed fault lengths
decreases.
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In summary, the disadvantages of the methods in (Time
Domain Analysis for Fault Location in Power Distribution
Systems Considering the Load Dynamics, 2017) and
(Orozco-Henao et al., 2017) are the fault distance
estimation accuracy, which is dependent on the period the
fault voltages and currents were measured. Furthermore,
as line loading is reduced relative to the nominal load, or
fault distances are increased, the inaccuracy of computed
fault distances increases.

The equal area in the power-rotor angle curve, the
critical clearance angle and time are the yardsticks applied
to determine the stability of the power system consisting of
up to three machines. For systems consisting of multiple
machines, the power flow studies using computer
application programmes like Dig SILENT-power factory,
Electromagnetic Transient Programme (EMTP), MATLAB,
and Power world Simulator are applied to determine
system stability.

Application of high frequency and travelling wave method
for fault location

Methods of evaluating the power system stability

The derivatives of transient voltage travelling in the
system model can be used to find faults in the HVDC
distribution system (Jian-cheng, 2014). To calculate the
fault distance, the scientists used a moving wave with a
speed of 2.96x106 m/s. According to Goudarzi et al.
(2015), the fault lengths in a 34 bus radial unbalanced
distribution system are calculated by estimating the
variations in the times taken by the fault transients to pass
the measurement nodes within the system. Furthermore,
the authors used the discrete wavelet transform to alter the
temporal differences.

IMPACT OF RES INTEGRATION IN POWER SYSTEM
ON SYSTEM STABILITY
Transient stability was described by Mahdad and Srairi
(2013) as the ability of synchronous machines in the power
system to continue running in an ordered manner after a
short circuit fault, critical line tripping, or other large
disruption. Furthermore, the generators must have
extremely strong inertial responses to dampen transients.
As a result, system operators and researchers have been
interested in the inertial frequency responses of
generators for many years. The most prevalent causes of
transient instability in the power system include fault
application and clearance, transformer energising and deenergizing, massive loads, transmission line outages, and
generator outages. A large-scale power system's stability
was determined by the change in system frequency
caused by an imbalance between power generation and
load demand (Laouer et al., 2014) and (Kusch-Brandt,
2019). In general, the swing equation is used to determine
the transient stability of machines in a two or Single
Machine Infinite Bus (SMIB) system.

𝑀

𝑑2𝛿
𝑑𝑡 2

= 𝑃𝑚 − 𝑃𝑒

(1)

Where M is machine inertia constant in Js-1, 𝛿 is its rotor
angle in electrical degree ⁰, Pm is the generator input power
(mechanical) in mega-joules, Pe is generator output power
in megawatts and t represents time in seconds.

The magnitude and penetration degree of RES in the
power system determined the stability of the regional
power system. As a result, assessing system voltage
stability and reactive power exchange between the grid
and RES is required for the incorporation of large RES in
a distribution system. FACTS technologies are employed
at PCC to adjust for reactive power to alleviate the
instability problem caused by load variations (Salehi et al.,
2006). The authors of (Wu et al., 2016) reported on the use
of a Frequency monitoring network (FNET/Grid Eye) for
power dynamics measurement in a vast region of
distribution networks in twenty nations over ten years.
Moreover, Eq. (2) is applied to determine the relationship
𝑑𝑓
between the rate of change in system frequency , initial
𝑑𝑡
frequency 𝑓𝑜 , power imbalance 𝑃𝑖 − 𝑃𝑔 and system
inertia 𝐻.
𝑑𝑓
𝑑𝑡

= (𝑃𝑖 − 𝑃𝑔 )

𝑓𝑜
𝑃𝑔

∗ 2𝐻

(2)

Furthermore, it demonstrates that the rate of change of
system frequency is inversely related to the operating
capacity of the power system. The Short-Time Fourier
Transform (STFT), Continuous Wavelet Transform (CWT),
Wigner-Ville Distribution (WVD), and Hilbert-Huang
Transform (HHT) signal analysis methods were employed
in ref. (Transform, 2014) to analyse system frequency
variations in distribution networks.
Didier et al. (2015) investigated the performance metrics
of resistive and inductive fault current limiters for improving
transient stability in a single transmission line machine
infinite bus. Furthermore, the critical clearance angle and
critical clearance duration are yardsticks used to
determine transient stability. The many strategies offered
by researchers to address the detrimental impacts of RES
on power system integration are discussed below:
Methods of solving the technical challenge faced by
Power System Stability
The techniques applied by researchers to solve the
negative impact of RES integration on power system
stability are:
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1)
The application of FACTS devices.
2)
Allocation of DG in the distribution system for
transient stability enhancement (Viral and Khatod, 2012).
3)
The application of resistive and inductive fault
current limiters (Kushwaha et al., 2017).
4)
Application of dynamic voltage restorer (DVR) and
braking resistor (BR) in synchronous DG for improvement
of critical clearance time (Sinh and Bhagatwala, 2017),
(Taiwo and Tiako, 2017).
5)
The application of Controllers for reactive power
control at PCC between DG and the grid (Tuyen et al.,
2017).
6)
The application of virtual DG as inertia for damping
the transient in an inverter-based DGs integrated into the
power system.
7)
Application of rotor circuit control in Wind Turbine
Rotor wound Induction generator.
8)
The application of a power system stabilizer.
9)
Application of fast exciter in synchronous the
generator or switching of parallel transmission line for
power system stability enhancement (Parvathy S. and
Thampatty, 2015).
10)
Application of reclosers, circuit breakers and
bridge fault current limiters for system voltage stability
11)
Application of battery for storage of energy
generated by RES in the power system for stability
enhancement.

Progress made in solving power system instability
using FACTS devices
When a severe disturbance occurs in the system, Jayashri
and Kumudini (2009) highlighted the requirement for
reactive power assistance at PCC to mitigate transient
instability in the distribution system embedded with DG.
While employing non-linear inductive SFCL and
STATCOM, the authors in (Mahdad and Srairi, 2013)
increased the margin stability and critical clearance time
transient stability indices of synchronous generators in a
power system with DG when a three-phase short circuit
fault occurs. Using Unified Power Flow Controllers, the
authors in ref. (Rohan and Thakur, 2012) improved the
critical clearing time of machines in transmission lines
under various forms of short circuit faults.

Progress made in solving power system instability
using hybrid methods
The improvement of transient stability in two machines
infinite bus system under three-phase and two-phase short
circuit faults was achieved through minimization of the
rotor angle differentials of machines using resistive SFCL
(Didier and Lévêque, 2014). The enhancement of transient
stability of the multi-generator bus system was achieved
through the reduction of mechanical and electrical torques
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of the generators through CB coordination and connecting
of hybrid SFCL in the system (Seo et al., 2013). Sadi and
Ali, (2015) improved the kinetic energy, load angle and
critical clearance time indices during transient in
distribution network under three phases and two-phase
short circuit faults, by connecting hybrid SFCL and
effective reclosure of circuit breakers in the network.
Mirabadi et al. (2014) increased transient stability in a
single machine infinite bus power system that was
subjected to damping and inertia parametric uncertainties
as a result of a three-phase short circuit fault and
immediate load shifts. To improve transient stability, the
authors used the Robust Optimal H2 State Feedback
Controller. The project integrative technique (C. Wang et
al., 2018) was proposed for improving the transient
stability of PV DGs connected to the power system by
using virtual synchronous DG to control inertia and
damping the transient in synchronous DG, using active
and reactive grid power control loops connected between
the PV DGs and the grid. Its disadvantage is the variety of
possibilities for configuring the virtual synchronous DG
settings. Furthermore, poor parameter selection can
exacerbate the problem of transient stability.

CONCLUSION
Renewable energy sources such as wind energy, solar
energy, biomass, geothermal, hydrogen and fuel cells are
getting much attention as substitutes for fossil fuels, for
promoting a friendly way to the environment for generating
electric power. The aims of integration of RES in the power
system are the improvement of power quality, system
reliability; reduced copper losses (I2R); reduction of the
high cost of installing long distribution lines or expanding
transmission capacity; reduction of the cost of power
system operation and improved flexibility in its operation,
during fluctuation of electricity demand. The findings of
the review are:
1)
The present research trend to solve the
challenges faced by fault location schemes in power
systems is the application of knowledge-based methods,
impedance, and low frequency-based methods, while the
high frequency and travelling wave methods are fairly
used.
2)
From the merits and demerits of the three
categories of fault location methods reviewed, the
knowledge-based methods are more precise and faster
compare to the other two methods.
3)
The researchers applied Circuit Breakers; DG
allocation; definite time and over-current relays;
optimization of sensitivity and selectivity of DOCR;
communication and pickup status of over-current relay;
programming of microprocessor-based relays; information
coordination and sharing to solve the challenges faced by
fault protection schemes because of RES integration in
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power system.
4)
The challenges to power system stability due to
DGs integration in the system were mostly resolved by
researchers by application of SFCL; CBs coordination;
connecting of hybrid SFCL, Controllers and virtual DGs to
solve the instability at the outputs of renewable DGs.
5)
In addition, researchers applied FACT devices at
PCC to meet the high reactive power demands of type II
and IV wind energy sources for enhancement of power
system stability. These research findings are important
and relevant to the researcher community, power system
operators, equipment manufacturers, and policymakers
because they provide them with different methods and
research trends for addressing the technical challenges of
power system stability, fault protection, and location when
RES are integrated into the system. This can help RES
power generation capacity development to satisfy the
United Nations Framework Convention on Climate
Change (UNFCCC), which was signed in Rio de Janeiro in
June 1992.
REFERENCES
Abdel-Ghany, H. A., Azmy, A. M., Elkalashy, N. I., and Rashad, E. M.
(2015). Optimizing DG penetration in distribution networks concerning
protection schemes and technical impact. Electric Power Systems
Research, 128, 113–122. https://doi.org/10.1016/j.epsr.2015.07.005
Abdi, S., and Afshar, K. (2013). Application of IPSO-Monte Carlo for
optimal distributed generation allocation and sizing. International
Journal of Electrical Power and Energy Systems, 44(1), 786–797.
https://doi.org/10.1016/j.ijepes.2012.08.006
Alanzi, E. A., Younis, M. A., and Ariffin, A. M. (2014). Detection of faulted
phase type in distribution systems based on one end voltage
measurement. International Journal of Electrical Power and Energy
Systems, 54, 288–292. https://doi.org/10.1016/j.ijepes.2013.07.012
Ali, M. S., Abu Bakar, A. H., Tan, C., Arof, H., Mokhlis, H., and Abu Talip,
M. S. (2017). High Impedance Fault Localization Using Discrete
Wavelet Transform for Single Line to Ground Fault. Arabian Journal
for Science and Engineering. https://doi.org/10.1007/s13369-0172545-8
Bahmanyar, A., Jamali, S., Estebsari, A., and Bompard, E. (2017). A
comparison framework for distribution system outage and fault location
methods. Electric Power Systems Research, 145, 19–34.
https://doi.org/10.1016/j.epsr.2016.12.018
Bakar, A. H. A., Ali, M. S., Tan, C., Mokhlis, H., Arof, H., and Illias, H. A.
(2014). High impedance fault location in 11 kV underground
distribution systems using wavelet transforms. International Journal of
Electrical
Power
and
Energy
Systems,
55,
723–730.
https://doi.org/10.1016/j.ijepes.2013.10.003
Basak, P., Chowdhury, S., Halder Nee Dey, S., and Chowdhury, S. P.
(2012). A literature review on integration of distributed energy
resources in the perspective of control, protection and stability of
microgrid. Renewable and Sustainable Energy Reviews, 16(8), 5545–
5556. https://doi.org/10.1016/j.rser.2012.05.043
Benoit I. (2003). Center for Economic Studies Working Paper Series,
Distributed Generation: Definition, Benefits and Issues (Vol. 32, Issue
0).
Biscaro, A. A. P., Pereira, R. A. F., Kezunovic, M., and Mantovani, J. R.
S. (2016). Integrated Fault Location and Power-Quality Analysis in
Electric Power Distribution Systems. IEEE Transactions on Power
Delivery,
31(2),
428–436.
https://doi.org/10.1109/TPWRD.2015.2464098
Borges, C. L. T. (2012). An overview of reliability models and methods for
distribution systems with renewable energy distributed generation.
Renewable and Sustainable Energy Reviews, 16(6), 4008–4015.

https://doi.org/10.1016/j.rser.2012.03.055
Boutsika, T. N., and Papathanassiou, S. A. (2008). Short-circuit
calculations in networks with distributed generation. Electric Power
Systems
Research,
78(7),
1181–1191.
https://doi.org/10.1016/j.epsr.2007.10.003
Brown, R. E., and Koutlev, K. (2001). Siting distributed generation to
defer TandD expansion. 2001 IEEE/PES Transmission and
Distribution Conference and Exposition. Developing New Perspectives
(Cat.
No.01CH37294),
2(M),
622–627.
https://doi.org/10.1109/TDC.2001.971309
Celli, G., and Pilo, F. (2001). Optimal distributed generation allocation in
MV distribution networks. Pica 2001. Innovative Computing for Power
- Electric Energy Meets the Market. 22nd IEEE Power Engineering
Society. International Conference on Power Industry Computer
Applications
(Cat.
No.01CH37195),
81–86.
https://doi.org/10.1109/PICA.2001.932323
Chang, H. (2016). Non-intrusive fault identification of power distribution
systems in intelligent buildings based on power-spectrum-based
wavelet transform. Energy and Buildings, 127, 930–941.
https://doi.org/10.1016/j.enbuild.2016.06.050
Chaurey, A., Ranganathan, M., and Mohanty, P. (2004). Electricity
access for geographically disadvantaged rural communitiestechnology and policy insights. Energy Policy, 32(15), 1693–1705.
https://doi.org/10.1016/S0301-4215(03)00160-5
Daisy, M., and Dashti, R. (2016). Single phase fault location in electrical
distribution feeder using hybrid method. Energy, 103, 356–368.
https://doi.org/10.1016/j.energy.2016.02.097
Didier, G., and Lévêque, J. (2014). Influence of fault type on the optimal
location of superconducting fault current limiter in electrical power grid.
In International Journal of Electrical Power and Energy Systems (Vol.
56, pp. 279–285). https://doi.org/10.1016/j.ijepes.2013.11.018
Didier, G., Bonnard, C. H., Lubin, T., and Leveque, J. (2015). Comparison
between inductive and resistive SFCL in terms of current limitation and
power system transient stability. Electric Power Systems Research,
125, 150–158. https://doi.org/10.1016/j.epsr.2015.04.002
Gabr, M. A., Ibrahim, D. K., Ahmed, E. S., and Gilany, M. I. (2017). A new
impedance-based fault location scheme for overhead unbalanced
radial distribution networks. Electric Power Systems Research, 142,
153–162. https://doi.org/10.1016/j.epsr.2016.09.015
Gao, J., Cheng, Q., Wang, X., Tan, F., Zhang, Y., Yu, D., Tang, F., Zhang,
Y., Yu, D., and System, A. B. (2016). Fault Line Detection Based on
Cross Correlation Coefficient for Distribution Network with DG. 2016
China International Conference on Electricity Distribution (CICED
2016), Ciced, 10–13.
Gazzana, D. S., Ferreira, G. D., Bretas, A. S., Bettiol, A. L., Carniato, A.,
Passos, L. F. N., Ferreira, A. H., and Silva, J. E. M. (2014). An
integrated technique for fault location and section identification in
distribution systems. Electric Power Systems Research, 115, 65–73.
https://doi.org/10.1016/j.epsr.2014.02.002
Ge Liang, Peng Liyuan, Liu Ruihuan, Zhou Fen, and Wang Xin. (2014).
Fault location in distribution network with distributed generation based
on neural network. 2014 China International Conference on Electricity
Distribution
(CICED),
Ciced,
209–212.
https://doi.org/10.1109/CICED.2014.6991695
Gerald, T. H., Anjan, B., and M., S. (2005). New Implications of Power
System
Fault
Current
Limits.
https://www.google.com.my/url?sa=tandrct=jandq=andesrc=sandsour
ce=webandcd=6andved=2ahUKEwj10LC6lfngAhUDUt8KHbARDF0Q
FjAFegQIBRACandurl=https%3A%2F%2Fpserc.wisc.edu%2Fdocum
ents%2Fpublications%2Freports%2F2005_reports%2FS-20_FinalReport_Oct-2005.pdfandusg=AOvVaw0nJkZ7TJ_E
Gopalan, S. A., Sreeram, V., and Iu, H. H. C. (2014). A review of
coordination strategies and protection schemes for microgrids.
Renewable and Sustainable Energy Reviews, 32, 222–228.
https://doi.org/10.1016/j.rser.2014.01.037
Goudarzi, M., Vahidi, B., Naghizadeh, R. A., and Hosseinian, S. H.
(2015). Improved fault location algorithm for radial distribution systems
with discrete and continuous wavelet analysis. International Journal of
Electrical
Power
and
Energy
Systems,
67,
423–430.
https://doi.org/10.1016/j.ijepes.2014.12.014
Gozel, T., Hocaoglu, M. H., Eminoglu, U., and Balikci, A. (2005). Optimal
placement and sizing of distributed generation on radial feeder with

Official publication of Direct Research Journal of Engineering and Information Technology Vol. 9: 2022: ISSN 2354-4155

Direct Res. J. Eng. Inform. Tech.

different static load models. 2005 International Conference on Future
Power
Systems,
December,
2
pp.
–
6.
https://doi.org/10.1109/FPS.2005.204319
Guo, X., Wang, P., Qin, W., Han, X., and Wang, Y. (2016). A novel line
overcurrent protection scheme for distribution networks with DGs.
2016 IEEE International Conference on Power System Technology,
POWERCON
2016,1–5.
https://doi.org/10.1109/POWERCON.2016.7753873
Gururajapathy, S. S., Mokhlis, H., and Illias, H. A. (2017). Fault location
and detection techniques in power distribution systems with distributed
generation: A review. Renewable and Sustainable Energy Reviews,
74(January), 949–958. https://doi.org/10.1016/j.rser.2017.03.021
He, J., Liu, L., Ding, F., Li, C., and Zhang, D. (2017). A new coordinated
backup protection scheme for distribution network containing
distributed generation. Protection and Control of Modern Power
Systems, 2(1), 1–10. https://doi.org/10.1186/s41601-017-0043-3
Jain, H., and Gawre, S. K. (2016). Detection and Classification of Current
Interruptions and Transientsby Using Wavelet Transform and Neural
Network. 2016 International Conference on Electrical Power and
Energy Systems (ICEPES), 462–468.
Jamil, M., Singh, R., and Sharma, S. K. (2015). Fault identification in
electrical power distribution system using combined discrete wavelet
transform and fuzzy logic. Journal of Electrical Systems and
Information
Technology,
2(2),
257–267.
https://doi.org/10.1016/j.jesit.2015.03.015
Jayashri, R., and Kumudini Devi, R. P. (2009). Effect of tuned unified
power flow controller to mitigate the rotor speed instability of fixedspeed wind turbines. Renewable Energy, 34(3), 591–596.
https://doi.org/10.1016/j.renene.2008.05.029
Jian-cheng, L. B. T. (2014). Transient Fault Location for HVDC
Transmission Lines Based on Voltage Distribution and One-Terminal
Information. 2014 China International Conference on Electricity
Distribution (CICED 2014), Ciced, 508–510.
Jusić, S. A. A. (2016). Dynamic Response of a Group of Synchronous
Generators following Disturbances in Distribution Grid. Engineering
Review, 36(2), 181–186. https://hrcak.srce.hr/155322
Kaddah, S. S., El-Saadawi, M. M., and El-Hassanin, D. M. (2015).
Influence of Distributed Generation on Distribution Networks during
Faults. Electric Power Components and Systems, 43(16), 1781–1792.
https://doi.org/10.1080/15325008.2015.1057782
Kalambe, S., and Agnihotri, G. (2014). Loss minimization techniques
used in distribution network: Bibliographical survey. Renewable and
Sustainable
Energy
Reviews,
29,
184–200.
https://doi.org/10.1016/j.rser.2013.08.075
Kansal, S., Kumar, V., and Tyagi, B. (2013). Optimal placement of
different type of DG sources in distribution networks. International
Journal of Electrical Power and Energy Systems, 53(1), 752–760.
https://doi.org/10.1016/j.ijepes.2013.05.040
Kar, S., and Samantaray, S. R. (2016). High Impedance Fault Detection
in Microgrid Using Maximal Overlapping Discrete Wavelet Transform
and Decision Tree School of Electrical Sciences. 2016 International
Conference on Electrical Power and Energy Systems (ICEPES), 258–
263.
Karatepe, E., Ugranli, F., and Hiyama, T. (2015). Comparison of singleand multiple-distributed generation concepts in terms of power loss,
voltage profile, and line flows under uncertain scenarios. Renewable
and
Sustainable
Energy
Reviews,
48,
317–327.
https://doi.org/10.1016/j.rser.2015.04.027
Kennedy, J., Ciufo, P., and Agalgaonkar, A. (2016). A review of protection
systems for distribution networks embedded with renewable
generation. Renewable and Sustainable Energy Reviews, 58, 1308–
1317. https://doi.org/10.1016/j.rser.2015.12.258
Khamis, A., Shareef, H., Bizkevelci, E., and Khatib, T. (2013). A review
of islanding detection techniques for renewable distributed generation
systems. Renewable and Sustainable Energy Reviews, 28, 483–493.
https://doi.org/10.1016/j.rser.2013.08.025
Khokhar, S., Mohd Zin, A. A. B., Mokhtar, A. S. B., and Pesaran, M.
(2015). A comprehensive overview on signal processing and artificial
intelligence techniques applications in classification of power quality
disturbances. Renewable and Sustainable Energy Reviews, 51, 1650–
1663. https://doi.org/10.1016/j.rser.2015.07.068.
Kong, T., Jia, M., and Sun, G. (2016). Application of bacterial foraging

98

algorithm for fault location in distribution networks with DG. China
International Conference on Electricity Distribution, CICED, 2016Septe(Ciced), 10–13. https://doi.org/10.1109/CICED.2016.7576121
Kuiava, R., Ramos, R. A., Pota, H. R., and Alberto, L. F. C. (2014).
Practical stability assessment of distributed synchronous generators
under variations in the system equilibrium conditions. International
Journal of Electrical Power and Energy Systems, 55, 275–284.
https://doi.org/10.1016/j.ijepes.2013.09.013
Kusch-Brandt. (2019). Renewable 2019 Global Status Reports. In
Resources (Vol. 8, Issue 3). https://doi.org/10.3390/resources8030139
Kushwaha, S. K. S., Samuel, P., and Mohanty, S. R. (2017). Transient
Stability Analysis of SCIG based Marine Current Farm and Doubly Fed
Induction Generator based offshore wind farm using Bridge Type Fault
Current Limiter. 4th IEEE Uttar Pradesh Section International
Conference on Electrical, Computer and Electronics (UPCON), 2018Janua, 1–6. https://doi.org/10.1109/UPCON.2017.8251099
Labis, P. E., Visande, R. G., Pallugna, R. C., and Caliao, N. D. (2011).
The contribution of renewable distributed generation in mitigating
carbon dioxide emissions. Renewable and Sustainable Energy
Reviews,
15(9),
4891–4896.
https://doi.org/10.1016/j.rser.2011.07.064
Lopes, J. A. P., Hatziargyriou, N., Mutale, J., Djapic, P., and Jenkins, N.
(2007). Integrating distributed generation into electric power systems:
A review of drivers, challenges and opportunities. Electric Power
Systems
Research,
77(9),
1189–1203.
https://doi.org/10.1016/j.epsr.2006.08.016
Lupangu, C., and Bansal, R. C. (2017). A review of technical issues on
the development of solar photovoltaic systems. Renewable and
Sustainable Energy Reviews, 73(November 2016), 950–965.
https://doi.org/10.1016/j.rser.2017.02.003
Ma, D., and Tian, L. (2016). Practical Fault Location Estimation Based on
Voltage Sags Magnitude. 2016 China International Conference on
Electricity Distribution (CICED 2016) Xi’an, 10-13 Aug, 2016 Practical,
Ciced, 10–13.
Mahat, P., Chen, Z., Bak-Jensen, B., and Bak, C. L. (2011). A simple
adaptive overcurrent protection of distribution systems with distributed
generation. IEEE Transactions on Smart Grid, 2(3), 428–437.
https://doi.org/10.1109/TSG.2011.2149550
Mahdad, B., and Srairi, K. (2013). Application of a combined
superconducting fault current limiter and STATCOM to enhancement
of power system transient stability. Physica C: Superconductivity and
Its
Applications,
495,
160–168.
https://doi.org/10.1016/j.physc.2013.08.009
Majidi, M., Etezadi-Amoli, M., and Sami Fadali, M. (2014). A Novel
Method for Single and Simultaneous Fault Location in Distribution
Networks. IEEE Transactions on Power Systems, 30(6), 1–9.
https://doi.org/10.1109/TPWRS.2014.2375816
Mirabadi, M. M., Abjadi, N. R., Hoghoughi-isfahani, S., and Shojaeian, S.
(2014). Transient Stability Improvement of a Power System with
Parametric Uncertainties Using a Robust Optimal H 2 State Feedback
Controller. Chinese Journal of Engineering, 2014, 1–6.
https://doi.org/http://dx.doi.org/10.1155/2014/131680
Mortazavi, S. H., Moravej, Z., and Shahrtash, S. M. (2018). Electrical
Power and Energy Systems A hybrid method for arcing faults detection
in large distribution networks. International Journal of Electrical Power
and
Energy
Systems,
94,
141–150.
https://doi.org/10.1016/j.ijepes.2017.06.036
Ngaopitakkul, A., and Leelajindakrairerk, M. (2017). Application of
probabilistic neural network with transmission and distribution
protection schemes for classification of fault types on radial, loop, and
underground
structures.
Electrical
Engineering.
https://doi.org/10.1007/s00202-017-0515-5
Orji, U., Schantz, C., Leeb, S. B., Kirtley, J. L., Sievenpiper, B., Gerhard,
K., and McCoy, T. (2017). Adaptive Zonal Protection for Ring
Microgrids. IEEE Transactions on Smart Grid, 8(4), 1843–1851.
https://doi.org/10.1109/TSG.2015.2509018
Orozco-Henao, C., Bretas, A. S., Chouhy-Leborgne, R., Herrera-Orozco,
A. R., and Marín-Quintero, J. (2017). Active distribution network fault
location methodology: A minimum fault reactance and Fibonacci
search approach. International Journal of Electrical Power and Energy
Systems, 84, 232–241. https://doi.org/10.1016/j.ijepes.2016.06.002
Parvathy S., and Thampatty, K. C. S. (2015). Dynamic Modeling and

Official publication of Direct Research Journal of Engineering and Information Technology Vol. 9: 2022: ISSN 2354-4155

Aliyu

99

Control of UPFC for Power Flow Control. Procedia Technology, 21,
581–588. https://doi.org/10.1016/j.protcy.2015.10.061
Pepermans, G., Driesen, J., Haeseldonckx, D., Belmans, R., and
D’haeseleer, W. (2005). Distributed generation: Definition, benefits
and
issues.
Energy
Policy,
33(6),
787–798.
https://doi.org/10.1016/j.enpol.2003.10.004
Pesaran H.A, M., Huy, P. D., and Ramachandaramurthy, V. K. (2017). A
review of the optimal allocation of distributed generation: Objectives,
constraints, methods, and algorithms. Renewable and Sustainable
Energy
Reviews,
75(October
2016),
293–312.
https://doi.org/10.1016/j.rser.2016.10.071
Prakash, O., Shaik, A. G., and Gupta, N. (2015). A critical review of
detection and classi fi cation of power quality events. Renewable and
Sustainable
Energy
Reviews,
41,
495–505.
https://doi.org/10.1016/j.rser.2014.08.070
Qazi, S. H., Mustafa, M. W., Sultana, U., and Hussain, N. (2017).
Enhanced Power Quality Controller in an Autonomous Microgrid by
PSO Tuned PI Controller. Indian Journal of Science and Technology,
10(18), 1–9. https://doi.org/10.17485/ijst/2017/v10i18/108925
Rafinia, A., and Moshtagh, J. (2014). Electrical Power and Energy
Systems A new approach to fault location in three-phase underground
distribution system using combination of wavelet analysis with ANN
and FLS. International Journal of Electrical Power and Energy
Systems, 55, 261–274. https://doi.org/10.1016/j.ijepes.2013.09.011
Ren, J., Venkata, S. S., and Sortomme, E. (2014). An accurate
synchrophasor based fault location method for emerging distribution
systems. IEEE Transactions on Power Delivery, 29(1), 297–298.
https://doi.org/10.1109/TPWRD.2013.2288006
Rohan V. Thakur, N. D. G. (2012). Enhancement of Transient Stability of
System Using Unified Power Flow Controller (UPFC) Under Fault
Conditions. 2012 International Conference on Computing, Electronics
and Electrical Technologies, 198–202.
Sadi, M. A. H., and Ali, M. H. (2015). Transient stability enhancement by
bridge type fault current limiter considering coordination with optimal
reclosing of circuit breakers. Electric Power Systems Research, 124,
160–172. https://doi.org/10.1016/j.epsr.2015.03.011
Salehi, V., Afsharnia, S., and Kahrobaee, S. (2006). Improvement of
Voltage Stability in Wind Farm Connection to distribution Network
Using FACTS Devices. IECON 2006 - 32nd Annual Conference on
IEEE
Industrial
Electronics,
4242–4247.
https://doi.org/10.1109/IECON.2006.347720
Santos, W. C., Lopes, F. V., Brito, N. S. D., and Souza, B. A. (2017).
High-Impedance Fault Identification on Distribution Networks. IEEE
Transactions
on
Power
Delivery,
32(1),
23–32.
https://doi.org/10.1109/TPWRD.2016.2548942
Seo, S., Kim, S. J., Moon, Y. H., and Lee, B. (2013). A hybrid
superconducting fault current limiter for enhancing transient stability in
Korean power systems. Physica C: Superconductivity and Its
Applications,
494,
331–334.
https://doi.org/10.1016/j.physc.2013.04.025
Shih, M. Y., Enríquez, A. C., Martín, L., and Trevi, T. (2014). On-line
coordination of directional overcurrent relays: Performance evaluation
among optimization algorithms. Electric Power Systems Research,
110, 122–132. https://doi.org/10.1016/j.epsr.2014.01.013
Short, T. A. (2004). Electric Power distribution handbook (Issue C).
https://doi.org/10.1017/CBO9781107415324.004
Si, J., Chen, Q., Sun, K., and Huang, X. (2016). A Hybrid Fault Location
Method for Power. 016 IEEE PES Asia-Pacific Power and Energy
Conference - Xi’ an - China, 583–587.
Singh, M. K., and Reddy, P. N. (2013). A fast adaptive protection scheme
for distributed generation connected networks with necessary relay
coordination. 2013 Students Conference on Engineering and Systems,
SCES 2013. https://doi.org/10.1109/SCES.2013.6547562
Singh, M., Vishnuvardhan, T., and Srivani, S. G. (2016). Adaptive
protection coordination scheme for power networks under penetration
of distributed energy resources. IET Generation, Transmission and
Distribution,
10(15),
3919–3929.
https://doi.org/10.1049/ietgtd.2016.0614
Sinh, P. P., and Bhagatwala, P. H. (2017). Modified Power Balance
Theory to Control Dynamic Voltage Restorer ( DVR ) for Power Quality
Enhancement. International Research Journal of Engineering and
Technology (IRJET), 04(05), 1558–1562.

Sinha, R., and Zaidi, A. (2015). Protection of distribution systems with
significant penetration of distributed generation. 2015 Power
Generation Systems and Renewable Energy Technologies, PGSRET,
1–6. https://doi.org/10.1109/PGSRET.2015.7312229
Soheili, A., and Sadeh, J. (2017). Evidential reasoning based approach
to high impedance fault detection in power distribution systems. IET
Generation, Transmission and Distribution, 11(5), 1325–1336.
https://doi.org/10.1049/iet-gtd.2016.1657
Sun, K., Chen, Q., and Zhao, P. (2017). Automatic Faulted Feeder
Section Location and Isolation Method for Power Distribution Systems
Considering the Change of Topology. Energies, 10(8), 1081.
https://doi.org/10.3390/en10081081
Sun, T., Chen, Z., and Blaabjerg, F. (2005). Flicker study on variable
speed wind turbines with doubly fed induction generators. IEEE
Transactions
on
Energy
Conversion,
20(4),
896–905.
https://doi.org/10.1109/TEC.2005.847993
Taiwo, O. P., and Tiako, R. (2017). Voltage Profile Enhancement in Low
Voltage 11 / 0 . 4 kV Electric Power Distribution Network Using
Dynamic Voltage Restorer under Three Phase Balance Load. IEEE
Africon
2017
Proceedings,
991–996.
https://doi.org/https://doi.org/10.1109/AFRCON.2017.8095617
Tan, W. S., Hassan, M. Y., Majid, M. S., and Abdul Rahman, H. (2013).
Optimal distributed renewable generation planning: A review of
different approaches. Renewable and Sustainable Energy Reviews,
18, 626–645. https://doi.org/10.1016/j.rser.2012.10.039
Time domain analysis for fault location in power distribution systems
considering the load dynamics, 146 Electric Power Systems Research
331 (2017). https://doi.org/10.1016/j.epsr.2017.01.034
Tiwari, A. K., Mohanty, S. R., and Singh, R. K. (2014). Review on
protection issues with penetration of distributed generation in
distribution system. 2014 International Electrical Engineering
Congress,
IEECON
2014.
https://doi.org/10.1109/iEECON.2014.6925918
Torres, V., Guardado, J. L., Ruiz, H. F., and Maximov, S. (2014).
Electrical Power and Energy Systems Modeling and detection of high
impedance faults. International Journal of Electrical Power and Energy
Systems, 61, 163–172. https://doi.org/10.1016/j.ijepes.2014.03.046
Transform, C. W. (2014). Time-Frequency Analysis of Disturbances in
Power Distribution Systems. Engineering Review, 34(3), 175–180.
Tsili, M., and Papathanassiou, S. (2009). A review of grid code technical
requirements for wind farms. IET Renewable Power Generation, 3(3),
308. https://doi.org/10.1049/iet-rpg.2008.0070
Turner, S., and Member, I. S. (2012). High-Speed CommunicationAssisted Tripping and Sectionalizing for Distribution Systems.
Innovative Smart Grid Technologies (ISGT), 2012 IEEE PES, 1–6.
Tuyen, N. D., Fujita, G., Funabashi, T., and Nomura, M. (2017). Analysis
of transient-to-island mode of power electronic interface with
conventional dq-current controller and proposed droop-based
controller.
Electrical
Engineering,
99(1),
47–57.
https://doi.org/10.1007/s00202-016-0380-7
Viral, R., and Khatod, D. K. (2012). Optimal planning of distributed
generation systems in distribution system: A review. Renewable and
Sustainable
Energy
Reviews,
16(7),
5146–5165.
https://doi.org/10.1016/j.rser.2012.05.020
Wang, C., Member, S., Yuan, K., and Member, S. (2018). A Projective
Integration Method for Transient Stability Assessment of Power
Systems with a High Penetration of Distributed Generation. 9(1), 386–
395. https://doi.org/10.1109/TSG.2016.2553359
Wang, D. T. C., Ochoa, L. F., and Harrison, G. P. (2010). DG impact on
investment deferral: Network planning and security of supply. IEEE
Transactions
on
Power
Systems,
25(2),
1134–1141.
https://doi.org/10.1109/TPWRS.2009.2036361
Wu, L., Liu, Y., Zhou, D., Guo, J., and Liu, Y. (2016). Observation of
Inertial Frequency Response of Main Power Grids Worldwide Using
FNET / GridEye. 2016 IEEE Power and Energy Society General
Meeting
(PESGM),
1–5.
https://doi.org/10.1109/PESGM.2016.7741260
Xyngi, I., and Popov, M. (2010). Smart protection in Dutch medium
voltage distributed generation systems. IEEE PES Innovative Smart
Grid Technologies Conference Europe, ISGT Europe, 710–715.
https://doi.org/10.1109/ISGTEUROPE.2010.5638982
Zahedi, A. (2011). A review of drivers, benefits, and challenges in

Official publication of Direct Research Journal of Engineering and Information Technology Vol. 9: 2022: ISSN 2354-4155

Direct Res. J. Eng. Inform. Tech.

integrating renewable energy sources into electricity grid. Renewable
and
Sustainable
Energy
Reviews,
15(9),
4775–4779.
https://doi.org/10.1016/j.rser.2011.07.074.
Zamani, M. A., Member, S., and Sidhu, T. S. (2011). A Protection
Strategy and Microprocessor-Based Relay for Low-Voltage Microgrids.
26(3), 1873–1883. https://doi.org/10.1109/TPWRD.2011.2120628
Zarei, A., and Zarei, N. (2012). Overview of Distributed Generation.
International Journal of Academic Research in Applied Science, 1(3),
68–76.
Zeinalzadeh, A., Mohammadi, Y., and Moradi, M. H. (2015). Optimal multi
objective placement and sizing of multiple DGs and shunt capacitor
banks simultaneously considering load uncertainty via MOPSO
approach. International Journal of Electrical Power and Energy
Systems, 67, 336–349. https://doi.org/10.1016/j.ijepes.2014.12.010

100

Zeineldin, H. H., Sharaf, H. M., Aghdam, T. S., Karegar, H. K., and
Abbasi, A. (2015). Optimal Protection Coordination for Meshed
Distribution Systems with DG Using Dual Setting Directional OverCurrent Relays. IEEE Transactions on Smart Grid, 6(1), 115–123.
https://doi.org/10.1109/TSG.2014.2357813.
Zhan, H., Wang, C., Wang, Y., Yang, X., Zhang, X., Wu, C., and Chen,
Y. (2016). Relay protection coordination integrated optimal placement
and sizing of distributed generation sources in distribution networks.
IEEE
Transactions
on
Smart
Grid,
7(1),
55–65.
https://doi.org/10.1109/TSG.2015.2420667.

Official publication of Direct Research Journal of Engineering and Information Technology Vol. 9: 2022: ISSN 2354-4155

