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ABSTRACT

In the current study, the investigation of the secure communication network for

Article info: the reliable use of micro-grids in the power grid has been investigated. Micro grid
Submitted: 2024-10-1 will have many benefits for both consumers and electricity companies. From the
Revised: 2024-11-24 consumer's viewpoint, the micro grid has the ability to provide electricity and
Accepted: 2024-12-05 heat at the same time, increase reliability, reduce greenhouse gas emissions,
ID: JEIRES-2411-1133 improve quality, and from the viewpoint of power companies, the use of micro

grids reduces consumption demand and therefore reduces the facilities for the
development of transmission lines and in addition to That factor will be the
removal of peak consumption points, which will also reduce network losses. On
the other hand, the existence of distribution networks that are fed only through
these transmission networks always exposes these networks to blackout and
instability. One of the upcoming solutions to overcome these problems is the use
of scattered energy sources. The limitation of fossil fuels and air pollution is one
of the main incentives for the development of this technology. Producing
electricity near the place of consumption, in addition to reducing losses in the
system, can create more flexibility to provide various services to consumers. One
of the methods of aggregating scattered production resources is a new concept
called micro grid. During disruption and chaos in the network, the micro grid is
separated from the distribution network and the island resulting from the
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Introduction

oday, the electricity industry is not

only faced with providing resources to

meet the energy demand of industries,

but on the other hand, minimizing and
reducing the effects that humans have

on the environment in connection with the
production of this energy is also another matter
of interest. Smart grid (SG) is a solution for this
challenge that has a lot of profit and efficiency
[1]. For the consumer side, the SG means that

they can manage their consumption
intelligently, to pay less during peak hours when
energy prices are expensive, and for

environmental experts, this grid means the use
of technology [2]. It is to help solve the bad
weather changes and avoid the excessive
production of carbon gases, and for the
colleagues of the electricity industry, it is a peak
and intelligent decision making and providing
accurate information about the network
situation. Nowadays, with the advancements
made in communication technology and
measuring devices such as PMUs and various
sensors, as well as in order to manage energy
consumption and reduce environmental
pollution, as well as in order to regularly plan
network upgrades, smart networks are
expanding [3]. Meanwhile, the design of a secure
telecommunication platform is very important
in order to maintain and increase reliability. In
an intelligent electrical energy distribution
system, information, and their transmission are
of great importance. Because any intelligent
system is not able to make a decision without
being aware of the conditions. In a smart system,
the information required by the system is
collected from various sources such as smart
meters, power plants, feeders, substations, and
any other components that are related to the
network. In this type of network, information
transmission is two-way in some cases, that is,
for example, not only does the network receive
shared data, but it is possible for the network to
send information and commands to the
subscriber. Information transmission in such
networks has certain characteristics. The
information sent must have high security and
reliability and in addition have a high sending
speed [4]. As an example, when a command to
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disconnect a feeder or enter a unit from a power
plant is issued in a smart network, the entire
network must ensure that the command is
received and executed with complete accuracy
and speed [5-7]. Therefore, the communication
infrastructure in the smart network, which is
considered one of the most important and basic
parts of a smart network, must have special
features such as speed, security and high
reliability. On the other hand, due to the large
size of distribution networks and the large
number of terminals, it makes the idea of
creating a separate network for data transfer
next to the distribution network impossible [6-
8]. Therefore, this data transmission network
must use the capabilities and capacities of the
distribution network itself. Smart electrical
energy distribution networks were introduced
in March 2008, one of the most recent SGs in the
world, and the city of Balder, Colorado, USA, was
awarded the title of the first city with a smart
electricity distribution network [9-11]. The goal
of designers is to use smart technology around
the three main axes of subscribers, equipment
and communication. Smart technology has the
ability to make fundamental changes in the
production, transmission, distribution, and use
of electrical energy along with economic and
environmental benefits, which ultimately ends
in meeting the needs of customers and the
availability of reliable and stable electricity [12].
On the other hand, with the discussion of SGs in
traditional power systems, a lot of attention has
been paid to the exploitation of renewable
resources, electric cars that can be connected to
the grid, as well as other types of widespread
energy sources such as CHPs [13].

On the other hand, in the smart power system,
not only the resources on the production side
are relied on, but in such an environment, the
use and efficiency of the capabilities of the
subscribers on the consumption side is also very
important. This issue is important because the
response speed of the resources on the
consumption side is much higher than the
resources on the production side. Likewise, they
do not need investment cost and also increase
the ability to use resources with random
production, such as scrap cars, as well as
renewable resources [14-16].
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Among the solutions that are implemented on
the consumption side, we can mention
productivity or energy response solutions. For
the consumer side, the SG means that they can
manage their consumption intelligently, to pay
less during peak hours when energy prices are
expensive. Reducing the power consumption of
subscribers during peak hours can also help
improve environmental conditions, which is one
of the goals of smart networks. Now that the
importance of productivity from consumption
side resources has been determined, it is
necessary to establish a secure communication
infrastructure with high reliability in the smart
network. In other words, the discussion of
intelligent zing the power grid is not only a
discussion related to power systems, but issues
related to communication, information
technology, and intelligent processing should
also be considered in it [17-19]. It should be
noted that in the smart power network, most of
the loads are digital loads that require much
higher reliability. Accordingly, the goal of this
thesis is to design a suitable telecommunication
infrastructure for operation with the desired
reliability. For this purpose, a micro grid will be
considered as a sample network that has
resources such as renewable resources, smart
cars that can be connected to the network, and
load response resources.

Concept of reliability in power system

The reliability of a system can be defined as the
ability of that system to perform assigned tasks
and tasks within a certain time frame and under
certain conditions [20]. In the case of the power
system, reliability can be defined as the ability of
the system to supply electric energy to
consumers [21-23]. A power system is usually
divided into three parts: generation,
transmission, and distribution. As expected, the
reliability of a consumer should be studied for all
three sections. Of course, the complexity of the
problem and the number of elements in the real
system are so large that it becomes impossible
or very difficult to perform these calculations.
The reliability of the power system has a wide
concept and this concept can be divided into two
main parts:
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System adequacy

The concept of system adequacy is usually
considered to be the existence of suitable and
sufficient facilities in the system to deliver the
energy needed by the subscribers. These
suitable and sufficient facilities include sufficient
energy production, the availability of the
transmission and distribution network to
transfer energy to the load points of the
subscribers. Therefore, sufficiency is related to a
state of the system that is in static conditions and
without disturbances [24-26].

System security

System security shows the ability of the system
to respond to sudden shocks and disturbances in
the system, such as the sudden exit of
production or transmission equipment or short
circuit errors. In such conditions, security
studies show the ability of the system to survive
without chain failures and without loss of
stability. In system security studies, security
analysis can again be divided into two parts:

A) Transient (dynamic) [27].

B) Permanent state (static) [28].

The evaluation of transient stability examines
system fluctuations following the removal of an
elementor an error, to investigate the possibility
of loss of synchronism of generators. The
purpose of steady state security evaluation is to
investigate the existence of a new and safe
steady state operating point after an event
occurs, in which the disturbed power system
calms down after damping the dynamic
fluctuations [29-31].

Characteristics  of
distribution network

islanding of electricity

Electrical islands are delicate and difficult to
manage. Their reduced size and isolation means
that they are more susceptible to inertial events
and support large continental or interconnected
systems [32-35]. Isolated system territories are
small areas, but their energy requirements are
very small. They need to supply industry or
population and tourism in summer seasons.
Therefore, dealing with peak demand can be a
real challenge. They must have a high reserve
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margin, so that they can handle the fluctuations
in demand. On the other hand, their isolation
also means that they are not only supplied by
renewable energy production and are
dependent on uncontrollable external factors.
All these limitations mean that fossil fuel
technologies must be used, including diesel, fuel
oil and gas, all of which are not used in
continental systems due to their high cost and
polluting effects. These conditions make the
operation of isolated electrical systems more
complicated and lead to higher production costs
than continental systems [36].

Advantages of simulation training

Training simulators are a useful tool for
training and educating personnel who operate
these isolated systems. They enable the training
of different profiles on a unique platform, in a
shared environment that encourages team spirit
and collective learning. Students are active in
developing their knowledge, skills and attitudes
through experience and decision-making with
immediate visible results [37]. It has also been
shown that it is best to remember things that we
have direct experience with when learning.
Inductive learning model from a specific
situation we finally find a goal. It is easier to
understand complex  phenomena  and
relationships between systems or causes and
effects [38]. It allows to test scenarios and new
methods without endangering the actual plant
equipment and can also anticipate certain
conditions [39].

Guaranteed supply to the public

With the overall goal of improving the
understanding of the operation of these diesel
stations and the operation of the electric
generators that they consist of, especially in
adverse or emergency situations, Technetium
has developed an isolated electrical installation
simulator, so that when this happens, the
operator trained to deal with them as soon as
possible. Using educational simulators in diesel
stations in these electrical islands, we have
improved the capacity of power plants and, as a
result, the supply of electricity to the population
and industry in electrical islands.
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The advantages of the

distribution network

islanding power

1- Improving reliability.
2- Reducing the exit rate.
3- Increase in profit [39].

Reliability levels

The power system can be divided into three
main areas: generation, transmission, and
distribution. Evaluating the adequacy of the
power system can be done in each of these main
areas and in each of the hierarchical levels [40].

Reliability of HLI level

The first category of studies from the point of
view of reliability is the reliability of production
level or HLI level. In this section, the problem of
reliability is not particularly complicated and it
will not take much time as the dimensions of the
study system increase. Among the important
issues in this section, we can mention the
number of outputs of production units at the
same time, which can affect the study time.
Reliability studies at this level, the ability of
power plants to provide all the power demanded
by customers is known as system adequacy [41].

Reliability of HLII level

In the studies of transmission level of power
networks, equipment’s are usually considered
together with the tools of the production system
and they form a composite network, and these
studies are referred to as HLII level reliability.
These studies are carried out to determine the
reliability indicators of the entire power system
or load points. In each region, the reliability of
the transmission system 1is ensured by
evaluating the security of transmission
performance. The evaluation of transmission
security determines whether the power system
can supply the peak demand after one or more
components of the equipment are cut or not.

Reliability of HLIII level

The third level, which is HLIII, includes
production, transmission and distribution,
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which, of course, mostly in this level, the third
part, i.e. distribution networks, reliability
studies were conducted separately, and the
outputs of HLII level studies are the input form
of these studies are considered. Assessing the
adequacy of the distribution system includes the
calculation of a series of reliability indicators at
this level, which are directly related to the end
users. The calculation method of distribution
systems depends on the structure of the
distribution system. In most parts of the power
system, the inadequacy of the load point is
usually caused by the distribution system.
Indicators related to system adequacy in HLII
usually have little effect on indicators related to
individual load points. From another viewpoint,
indices related to HLII and HLI levels are very
important. Because damage at these levels
affects a large part of the system and, therefore,
can have irreparable results. In other words, the
HLII level has a small effect in terms of cut-off
frequency in the distribution network and load
points, but it has a great effect in terms of the
amount of load or megawatt cut off. Because an
outage at the HLII level can take a large part of
the distribution system out of the circuit [42].

Reliability criteria of power systems

The criteria for power system reliability
calculations are generally divided into two
categories: definite and probabilistic. Certain
techniques deal with how errors occur in the
system, its consequences on system reliability,
and how to achieve a successful system for the
reliability analyst. The most famous specific
standard that is common in the composite
power system and studies most of the security
aspects of reliability is the N-1 security standard.
Therefore, certain methods, which are often
referred to as criteria for engineering
judgments, do not evaluate the real reliability of
the system [43].

These standards do not include the probabilistic
and random nature of the system and the error
of the system components. Similarly, this index
cannot be used to perform economic analysis
and compare the proposed arrangement of
equipment. On the other hand, probabilistic
criteria can consider important factors that
affect system reliability. These techniques use
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numerical indicators to evaluate the reliability
and determine the performance of the system
numerically, whether the system is in a
favorable condition in terms of reliability, or
whether changes should be made to improve the
reliability of the system.
In academic studies, most of the research to
evaluate reliability in engineering systems uses
probabilistic methods, not specific methods.
This is while there is a significant reluctance to
use probabilistic techniques in many fields. This
is due to the difficulty of interpreting numerical
indicators. Although certain criteria do not
consider the random behavior of equipment and
system parts, it is easier for programmers,
designers and system operators to understand it
than numerical risk indicators determined using
probabilistic techniques. This problem has been
solved by combining the specific criterion N-1
and the probability criterion to produce a new
criterion. This solution is proposed under the
title of system health standard. For example, to
determine the reserve of the power system, a
certain criterion specifies that the amount of
reserve should be equal to the largest unit of the
system [44]. With this definition, if the amount
of network reservation is more than the value of
the largest unit, the system is in normal mode,
and otherwise, the system is in risk mode. By
defining the health standard, three states of
health, margin and risk can be considered for the
system, which are defined as follows:
1- Health: according to a certain standard,
the system is responsible for supplying the
load with the largest unit of the network.
2- Margin: The system responds to the load,
but if the largest unit of the system goes out,
it does not respond to the network load.
3- Risk: The system is not responsive to the
network load.

Reliability evaluation indicators

The most important indicators for reliability
evaluation are LOLE, LOEE, LOLF, and LOLD
indicators. The LOLE index shows the expected
value of the risk of load interruption for a certain
period of time. The scale of the LOLE index
depends on the characteristics of the load and
the studied interval. If daily peak load per year is
used, LOLE will be in terms of day/year, and if
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hourly load changes are considered, this index
will be in terms of hr/year (Equation 1).

LOLE= YN Pi (Ci<Li) (h/year) (1)

Where,

Ci: production capacity available in hour i.

Li: amount of load in the i-th hour.

Ni: total number of hours in the study period.

P; (Ci < Li): the probability of not supplying the
load in the i-th hour.

The LOEE index shows the average amount of
unsupplied energy in kilowatt hours per year
that the production cannot supply the load due
to the withdrawal of units (Equation 2).

LOEE= YN (Li-C)xPi(Ci-L;) (MWh/year) (2)

The LOLF index shows the number of times per
year that production cannot supply the load due
to outages.

The LOLD index in terms of hours shows, on
average, the continuity of the load's definite time
in each definite time.

Reliability indices for health criteria, which are
usually used in composite power system, are
P(H), P(M), LOLP, and LOHE.

P(H) is the probability of the system being in a
healthy state, which is defined as a relationship
(Equation 3).

P(H)=1/8760%1"" Ti(H) (3)

Where,

N: total number of years studied.

n(H): the number of times that the system is in a
healthy state in the study period.

Ti(H): duration of the healthy state in the i th
time that the system is in the healthy state.
P(H): The probability of the system being in the
marginal state is defined according to the
relationship (Equation 4).

0T, (M) (4)

8760N “<'1=1

P(M) =
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n(M): the number of times that the system is in
the marginal state in the study period.

Ti(M): duration of the health state in the i th time
when the system is in the marginal state.

LOLP: The possibility of the system being in risk
mode.

In this case, the system load is interrupted due
to the lack of production. This index is calculated

according to the following relationship
(Equation 5).

—_1 yn®
LOLP = mZizl t; (5)

In this regard:

n(R): the number of times the system is at risk in
the study period.

ti: the duration of the i-th time when the system
is in the risk state.

The LOHE index is similar to the LOLE index,
which shows the expected duration of system
health loss. This index can be defined using the
following relationship (Equation 6).

LOHE = 8760 — —— Y™™ 1.(H) hr /year (6)

8760N <=1

Reliability assessment methods:

Reliability assessment methods can be divided
into two main parts:

1- Analytical methods.

2- Simulation methods.

Analytical methods

In the analytical method, the mathematical
model of the system is presented and the
reliability indicators are calculated using
mathematical formulas. In this method, for a
simple unit, two healthy and damaged states are
considered. In this Equations, A and u are the
failure rate and the repair rate of the unit,
respectively, and these parameters are obtained
according to the historical information obtained
from the performance of that unit or a unit
similar to it. The time m and r are, respectively,
the average waiting time for unit failure and the
average waiting time for unit repair during
several times of unit failure and repair. The
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relationship between m and r with the rate of
damage and repair is as Equations 7,8:

(7
(8)

m_l
T2

1
r==
u

According to these parameters, the probability
of system availability (A) and the probability of
system unavailability (U) or FOR can be
calculated. These probabilities are defined by
the following Equations 9,10:

A= 9)
(10)

To calculate the reliability indices with an
analytical method at the HLI level, the
probabilistic model of all units (FOR) is needed.
By using FOR units, first, the capacity exit
probability table (COPT) is formed to evaluate
the production capacity probabilities. Using this
COPT table, reliability indices such as LOLE,
LOEE, LOLF, and LOLD can be calculated. For
example, for a system that has two units C1 and
C2 with FOR1 and FOR2 and the LDC load
continuity curve shown in Figure 1, the COPT
table can be formed as the following table.

According to this table, it is possible to calculate
the indicators of load interruption and energy

A
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interruption [45]. The sum of the product of the
column related to the probability of exiting the
units with the exit duration column of Table 1
gives the LOLE of the network. In the case that
the load continuity curve is based on daily peak
load, the scale of this index is days per year
(day/year) and if the load continuity curve is
based on hourly load, the scale of this index is in
hours per year (hr/year). is The LOEE of the
network is obtained in terms of megawatt hours
per year from the total product of the column
related to the probability of outage, outage
duration and interrupted load in Table 1. This
index shows the amount of energy cut off in the
year or in the studied time period. An important
point that is noteworthy in this regard is the load
continuity curve, so that if this curve is in terms
of daily peak load, it cannot be used to calculate
LOEE.

Simulation methods

As mentioned above, one of the methods of
evaluating the reliability of engineering systems
is simulation methods. In this method, the
performance process and behavior of the system
is simulated naturally or artificially.

One of the advantages of the simulation method
is the application of these methods in systems
with complex working conditions and also
systems that consist of a large number of
parameters. While one of the limitations of the
analytical method is the evaluation of systems
with wide and complex dimensions.

Cq+C,

T

Cz

Figure 1: Load continuity curve
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Table 1: Table of probability of capacity withdrawal (COPT)

The capacity is out
0 (1-FOR1)(1-FOR2)

Possibility of exit

c1 (FOR1)(1-FOR2)
c2 (1-FOR1)( FOR2)
C1+C2 (FOR1)( FOR2)

From the simulation method, the system can be
divided into several sub-systems and each of
these sub-systems can be modeled and analyzed
separately. Monte Carlo method is one of the
most widely used simulation methods for
reliability evaluation. The basis of the Monte
Carlo method is the generation of random
numbers and the wuse of probabilistic
relationships to model the behavior of the
system. The Monte Carlo method can be divided
into two chain and non-chain methods.

Non-sequential (non-chain) Monte Carlo method

In this method, the time order of system events
is not observed and the status of system
elements is determined by generating random
numbers. In this way, a two-state or multi-state
model is considered for each element of the
system, and then the state of the elements is
determined by generating a uniform random
number between zero and one. The way to
determine the state is that according to the
previous information about the performance of
each element, the probability of each state is
calculated. For example, if the system consists of
m states, the probability vector of these states is
defined as by forming the cumulative probability
vector from this probability vector according to
the following relationship and matching the
generated uniform random number with the
cumulative probability vector, the state of the
element is determined.

Sequential Monte Carlo simulation method

In this method, the behavior of the system is
modeled according to the probability
distribution of the system's performance. The
continuity of each element in each state is

Departure time The load is disconnected

0 0
t1 L-C2
t2 L-C1
1 L
sampled according to the probability

distribution of its performance in time order.
For an element with a two-state model, a sample
is taken from the condition of the operation time
and the repair time of the element, and this
sample is combined with the samples of other
elements of the system and the load model in
chronological order. Sequential Monte Carlo is
useful for time-dependent analyses. This
method is suitable for evaluating the production
of water units due to the limited amount of their
production and the use of these units for storing
and reserving the system. Among the other
advantages of this method, load modeling with
time order in all tires can be mentioned.

SG

Smart electrical energy distribution networks
are one of the newest technologies in the world
and the result of the efforts of specialists to
modernize distribution networks and enter the
digital age. The main goal is to provide reliable
electricity and respond to the growing needs of
customers with the least damage to the
environment. The world's first smart network
was introduced in March 2008, and the city of
Balder, Colorado, USA, was awarded the title of
the first city with a smart electricity distribution
network. The goal of designers by using smart
technology is around the three main axes of
subscribers, equipment and communication.
Smart technology has the ability to create
fundamental changes in the production,
transmission, distribution, and use of electric
energy along with economic and environmental
benefits, which ultimately ends in meeting the
needs of customers and the availability of
reliable and sustainable electricity. The SG is
actually a general term to describe a set of
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elements connected to the electricity
distribution network that are connected by a
communication infrastructure and share
information with each other, which brings
benefits to the power seller and subscribers. In
other words, the SG is a smart electrical system
that connects all the components of the network
to each other through a smart communication
system. On the other hand, the system can collect
information and make decisions in critical
situations and prevent unwanted shutdowns.
The main components of a SG are given below.

Advantages of smart networks

In short, the advantages of smart networks are
as follows:
1) Pik Sai, which is the main result of using the
smart network along with advanced
technologies in distribution posts and
subscribers' homes.
2) Reducing the consumption of fossil fuels,
which is obtained as a result of reducing peak
and energy losses along with reducing the
voltage drop of distribution lines.
3) Reduction in the number of subscribers who
have blackouts, this is an important result of the
ability to predict or potentially prevent power
outages and effective response in case of power
outages to fix the fault.
4) The reduction of investment needed for
distribution and transmission lines to improve
load balance and reduce peak load due to
advanced management.
5) Reducing costs that result from disconnecting
and connecting subscribers remotely.

2024, Volume 5, Issue 2

6) Reducing the downtime of subscribers.

Preventing power cuts of customers is the main
factor of customer satisfaction. The intelligent
distribution network quickly identifies and
disconnects the devices that are likely to cause
errors in the distribution network, and also
quickly identifies the leakage current and
quickly announces the places that require the
presence of force to correct the network. The use
of advanced measurement software quickly
identifies subscribers who are out of service.
Providing such information to incident
personnel who are in the shutdown area is very
valuable and increases efficiency. Smart
distribution networks reduce the downtime of
subscribers by using the following solutions:

1) Resetting the system with the help of smart
automatic switches that are compatible with
smart posts.

2) Remote diagnosis of defects.

3) Determining the size and location of the load
out of the circuit remotely in real time.

4) Remote control of scattered energy products
and their collection for use in the network.

5) Remote diagnosis of disconnection and
connection of the network.

Comparison of smart network with traditional
network

In this section, traditional distribution networks
are compared with smart distribution networks.
Table 2 compares the smart network with the
traditional network.

Table 2: Comparison of smart network and traditional network

Row Specifications Ex1st1ng n etwork Smart network
(traditional)

1 Information flow One sided Bilateral
2 Electricity generation Concentrated Distributed
3 Network topology Radial Network
4 Integration (DER) Rarely Often
5 Sensors Low sensor Many sensors
6 Ability to monitor Usually unsupervised Self-monitoring
7 Definite recovery Manually Self-recovery
8 Test Manual testing Remote test
9 Ability to control Limited control Comprehensive control
10 Control type Passive control Active control
11 Overall efficiency Low Up
12 Environmental pollution Up Low
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The old electricity system, which included
production, transmission, and distribution, has

been replaced by new actors including:
production, transmission, distribution,
subscribers, and three regulatory areas

including regional system operator, energy
service providers, and the electricity market.
Their connections are marked with arrows. In

Service providers provide services to support
the business activities of electricity generation,

distributors, and customers. The system
operator exchanges information with all
domains to provide uniform operation

throughout the system. The market and the
information operator, the production area, the
transmission area and the distribution area
work together to provide electricity to the
customers [46].

The required infrastructures of the smart network
Communication and measurement devices

The initial step in the development of the
intelligent distribution network is establishing
high-speed communication between the
measurement devices and the control center.
There are various solutions to create this
connection, of course, concerning the sensitivity
and extent of the distribution networks, the least
expensive one should be chosen. One of the main
measuring devices used in smart networks are
smart meters, which are system tools for
receiving consumer information and applying
network policies to consumers. These contours
are available in different types and brands in the
market, each of which has its own advantages
and services, and the type used is selected
according to the network architecture.

Distributed power monitoring infrastructures

One of the goals of smart distribution
networks is to monitor distributed power,
automation and system components using
transmission lines connected from distribution
posts to measuring devices. Smart posts,
infrastructure optimization allows us to better
monitor posts and adapt to common needs.

Journal of Engineering in Industrial Research

the Figure 2, whenever a demand arises, the
customer exchanges information with the
electricity market, system operator, service
providers, and distribution areas. The electricity
market includes: buying, selling energy, and
exchanging information with all areas to balance
supply and demand.

Smart feeders

In the section of feeders, there is a need for
intelligent re-closers and controllable switches
that give us system power information and other
functions, by spending and improving feeders,
the network has the ability to monitor power
flow, cut off current, and measure overvoltage. It
can disconnect and connect remotely if
necessary to prevent damage to the equipment.
Figure 2 shows the schematic architecture of the
smart network.

Communication in smart networks

In general, the communication infrastructure
used in the smart network can be evaluated in
several ways, which include:

1) Performance: high performance with the
feature of providing two-way communication in
real time.

2) Scalability: the ability to provide a high
amount of bandwidth for current affairs and
high traffic of the smart network and the
possibility of easy development and
increase of bandwidth due to the rapid
development of the network.

3) Complete compatibility with distributed
Thomasion systems and advanced measurement
infrastructures.

4) Having self-recovery mechanisms in order to
return to the desired state in times of
breakdown and emergency.

5) Having valid communication standards to
establish secure communication, such as point-
to-point communication where each subscriber
has an identification code or IP.

6) The cost of setting up and maintaining is low
and proportional to the extent and expandability
of distribution networks [47].
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Figure 2: Smart feeders

Until today, various communication methods
have been proposed for use in smart networks,
and the advantages and disadvantages of each
one have been examined and discussed
separately. Therefore, in the table below, a
comparison has been made based on the most
prominent communication infrastructures that
can be used in smart networks that have been
noticed in the last few years. It is necessary to
mention; these four infrastructures have been
compared based on the six characteristics
mentioned earlier [48].

Conclusion

As it is clear from the presented results, the
presence of distributed production sources has
improved the reliability. Therefore, although
these sources are random in nature, they can
ultimately increase the reliability of the power
system. It has analyzed this issue by using mixed
integer programming. In this reference, the aim
is to calculate the optimal size of energy storage
resources to improve the reliability of the power
system. As previously shown, the investment to
upgrade energy storage elements in the power
system increases proportionally to the amount

of this upgrade, but this investment reduces the
amount of network maintenance costs. Micro
grids bring many benefits to consumers,
including improving reliability by providing
reliable power by the island itself during
blackouts and improving power quality. In
addition, micro grids reduce losses by
shortening the generation and consumption
interval and blackout management, and make
the maintenance process very easy. Likewise, by
using renewable energy sources and new and
clean energy and energy storage technologies,
many benefits are given to the society. The
control system of micro grids is designed in such
a way that it controls and supports the activities
of the system with great safety and security in
two modes of working as an island and working
as part of the distribution network of an electric
power distribution company. This control
system can be formed on the basis of a central
control system or it can be created in a scattered
manner in each island forming the micro grid.
When the island is disconnected from the main
grid, the control system must control the local
voltage level and production frequency and
calculate the difference between the production
and consumption of active and reactive power in
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the island and take the necessary measures for
the stability of the network and protect the
micro grid against errors, events, blackouts and
accidents and Kkeep the consumption of
subscribers in the most optimal state, but for
some reasons, electricity distribution companies
do not consider moving towards micro-grids
right now, some of these reasons are mentioned
below:

Issues and problems related to quality control,
such as the presence of unusual voltage levels or
the presence of a frequency outside the tolerable
range of the equipment.

Preventing the reconnection of the micro grid to
the grid in a situation where there is a different
voltage phase between the distribution network
and the distributed generation sources in the
micro grid.

The occurrence of interference when
reconnecting the island to the distribution
network. Preventing accidents and threats
threatening the employees of electricity
distribution companies when working with lines
that should be without electricity, but have been
electrified due to the existence of micro grids.
Due to safety and protection issues in solving
errors that may not be revealed and identified by
the systems in the micro grid. Preventing
electricity distribution companies from being
condemned in matters and conditions that were
beyond their control.

ORCID

Maziyar Khodadadi Zarini
https://orcid.org/0009-0002-8611-6997
Ebadollah Amouzad Mahdiraji
https://orcid.org/0000-0003-3777-4811

Reference

[1]. A. Bagherian, S.M. Tafreshi, A developed
energy management system for a microgrid in
the competitive electricity market, IEEE
Bucharest PowerTech, IEEE, 2009, 1-6.
[Crossref], [Google Scholar], [Publisher]

[2]. D.G. Photovoltaics, E. Storage, IEEE guide for
monitoring, information exchange, and control
of distributed resources interconnected with
electric power systems, 2007. [Crossref],
[Google Scholar], [Publisher]

Journal of Engineering in Industrial Research

[3]. A.G. Tsikalakis, N.D. Hatziargyriou,
Centralized control for optimizing microgrids
operation, [EEE Power and Energy Society
General Meeting, IEEE, 2011, 1-8. [Crossref],
[Google Scholar], [Publisher]

[4]- A.L. Dimeas, N.D. Hatziargyriou, Operation of
a multiagent system for microgrid control, IEEE
Transactions on Power Systems, 2005, 20, 1447-
1455. [Crossref], [Google Scholar], [Publisher]
[5]- I. Gyuk, P. Kulkarni, ]J. Sayer, ]. Boyes, G.
Corey, G. Peek, The United States of storage
[electric energy storage], IEEE Power and Energy
Magazine, 2005, 3, 31-39. [Crossref], [Google
Scholar], [Publisher]

[6]. CK. Sao, P.W. Lehn, Control and power
management of converter fed microgrids, IEEE
Transactions on Power Systems, 2008, 23, 1088-
1098. [Crossref], [Google Scholar], [Publisher]
[7]. C. Marnay, H. Asano, S. Papathanassiou, G.
Strbac, Policymaking for microgrids, IEEE Power
and Energy Magazine, 2008, 6, 66-77. [Crossref],
[Google Scholar], [Publisher]

[8]- K Kolahdouzan, B Nazari, Strategies for the
prevention of postoperative chronic pain:
Perioperative pain management after total joint
replacement: a systematic review, Eurasian
Journal of Chemical, Medicinal and Petroleum
Research, 2023, 2, 129-146 [Google Scholar],
[Publisher]

[9]. D.S. Kirschen, G. Strbac, P. Cumperayot, D. de
Paiva Mendes, Factoring the elasticity of demand
in electricity prices, IEEE Transactions on Power
Systems, 2000, 15, 612-617. [Crossref], [Google
Scholar], [Publisher]

[10]. D.S. Kirschen, Demand-side view of
electricity markets, IEEE Transactions on Power
Systems, 2003, 18, 520-527. [Crossref], [Google
Scholar], [Publisher]

[11]. Demand side management best practices
guidebook for pacific island power utilities.
[Publisher]

[12]. E.A. Mahdiraji, M.S. Amiri, Simultaneous
compensation of active and reactive power in
the power system using grid-connected electric
vehicles, Advanced Journal of Science and
Engineering, 2022, 3, 35-48. [Crossref], [Google
Scholar], [Publisher]

[13]. E.A. Mahdiraji, S.M. Shariatmada,
Calculating the power of the charging station of
electric vehicles with photovoltaic roof,
Advanced Journal of Science and Engineering,


https://www.jeires.com/article_210996.html
https://orcid.org/0009-0002-8611-6997
https://orcid.org/0000-0003-3777-4811
https://doi.org/10.1109/PTC.2009.5281784
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B1%5D%09Alireza+Bagherian%2C+S.+M.+Moghaddas+Tafreshi%E2%80%9D+A+developed+Energy+Management+System+for+a+Micro+grid+in+the+Competitive+Electricity+Market%E2%80%9D+978-1-4244-2235-7%2F09%2F%2425.+00+2009+IEEE.&btnG=
https://ieeexplore.ieee.org/abstract/document/5281784
https://doi.org/10.1109/IEEESTD.2007.4432408
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=D.G.+Photovoltaics%2C+E.+Storage%2C+IEEE+guide+for+monitoring%2C+information+exchange%2C+and+control+of+distributed+resources+interconnected+with+electric+power+systems%2C+2007.+&btnG=
https://ieeexplore.ieee.org/abstract/document/4432408
https://doi.org/10.1109/PES.2011.6039737
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B3%5D%09Antonis+G.+Tsikalakis%2C+Student+Member%2C+IEEE%2C+and+Nikos+D.+Hatziargyriou%2C+Senior+Member%2C+IEEE%E2%80%9D+Centralized+Control+for+Optimizing+Micro+Grids+Operation%E2%80%9D+IEEE+Transactions+On+Energy+Conversion%2C+Vol.+23%2C+No.+1%2C+March+2008.&btnG=
https://ieeexplore.ieee.org/abstract/document/6039737
https://doi.org/10.1109/TPWRS.2005.852060
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B4%5D%09Aris+L.+Dimeas%2C+Student+Member%2C+IEEE%2C+and+Nikos+D.+Hatziargyriou%2C+Senior+Member%2C+IEEE%E2%80%9D+Operation+of+a+Multiagent+System+for+Microgrid+Control%E2%80%9D+IEEE+Transactions+On+Power+Systems%2C+Vol.+20%2C+No.+3%2C+August+2005.&btnG=
https://ieeexplore.ieee.org/abstract/document/1490598
https://doi.org/10.1109/MPAE.2005.1405868
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B5%5D%09by+Imre+Gyuk%2C+Pramod+Kulkarni%2C+Joseph+H.+Sayer%2C+John+D.+Boyes%2C+Garth+P.+Corey%2C+and+Georgianne+H.+Peek%E2%80%9D+The+United+States+of+Storage%E2%80%9D+March%2FApril+2005.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B5%5D%09by+Imre+Gyuk%2C+Pramod+Kulkarni%2C+Joseph+H.+Sayer%2C+John+D.+Boyes%2C+Garth+P.+Corey%2C+and+Georgianne+H.+Peek%E2%80%9D+The+United+States+of+Storage%E2%80%9D+March%2FApril+2005.&btnG=
https://ieeexplore.ieee.org/abstract/document/1405868
https://doi.org/10.1109/TPWRS.2008.922232
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B6%5D%09Charles+K.+Sao%2C+Member%2C+IEEE%2C+and+Peter+W.+Lehn%2C+Senior+Member%2C+IEEE%E2%80%9D+Control+and+Power+Management+of+Converter+Fed+Micro+grids%E2%80%9D+IEEE+Transactions+on+Power+Systems%2C+Vol.+23%2C+No.+3%2C+August+2008.&btnG=
https://ieeexplore.ieee.org/abstract/document/4539777
https://doi.org/10.1109/MPE.2008.918715
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B7%5D%09Chris+Marnay%2CHiroshi+Asano%2CStavros+Papathanassiou%2CGoran+Strbac%E2%80%9DPolicymaking+For+Microgrid%E2%80%9D+1540-7977%2F08.&btnG=
https://ieeexplore.ieee.org/abstract/document/4505828
https://scholar.google.com/citations?user=jsPfDYcAAAAJ&hl=en&authuser=4
https://www.ejcmpr.com/
https://doi.org/10.1109/59.867149
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B9%5D%09Daniel+S.+Kirschen%2C+Goran+Strbac%2C+Pariya+Cumperayot%2C+and+Dilemar+de+Paiva+Mendes%E2%80%9D+Factoring+the+Elasticity+of+Demand+in+Electricity+Prices%E2%80%9D+IEEE+Transactions+On+Power+Systems%2C+Vol.+15%2C+No.+2%2C+May+2000.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B9%5D%09Daniel+S.+Kirschen%2C+Goran+Strbac%2C+Pariya+Cumperayot%2C+and+Dilemar+de+Paiva+Mendes%E2%80%9D+Factoring+the+Elasticity+of+Demand+in+Electricity+Prices%E2%80%9D+IEEE+Transactions+On+Power+Systems%2C+Vol.+15%2C+No.+2%2C+May+2000.&btnG=
https://ieeexplore.ieee.org/abstract/document/867149
https://doi.org/10.1109/TPWRS.2003.810692
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B10%5D%09Daniel+S.+Kirschen%2C+Senior+Member%2C+IEEE%E2%80%9D+Demand-Side+View+of+Electricity+Markets%E2%80%9D+IEEE+Transactions+On+Power+Systems%2C+Vol.+18%2C+No.+2%2C+May+2003.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B10%5D%09Daniel+S.+Kirschen%2C+Senior+Member%2C+IEEE%E2%80%9D+Demand-Side+View+of+Electricity+Markets%E2%80%9D+IEEE+Transactions+On+Power+Systems%2C+Vol.+18%2C+No.+2%2C+May+2003.&btnG=
https://ieeexplore.ieee.org/abstract/document/1198281
https://prdrse4all.spc.int/node/4/content/demand-side-management-best-practices-guidebook-pacific-island-power-utilities
https://doi.org/10.22034/advjse22031035
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B12%5D%09E+Amouzad+Mahdiraji%2C+%26+M+Sedghi+Amiri%2C+Simultaneous+Compensation+of+Active+and+Reactive+Power+in+the+Power+System+Using+Grid-Connected+Electric+Vehicles.+Advanced+Journal+of+Science+and+Engineering%2C+2022%2C+3%281%29%3B+35%E2%80%9348.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B12%5D%09E+Amouzad+Mahdiraji%2C+%26+M+Sedghi+Amiri%2C+Simultaneous+Compensation+of+Active+and+Reactive+Power+in+the+Power+System+Using+Grid-Connected+Electric+Vehicles.+Advanced+Journal+of+Science+and+Engineering%2C+2022%2C+3%281%29%3B+35%E2%80%9348.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://sciengpub.ir/adv-j-sci-eng/article/view/advjse22031035

Journal of Engineering in Industrial Research

2023, 4, 042013-042013. [Crossref], [Google
Scholar], [Publisher]

[14]. E. Amouzad Mahdiraji, M. Khodadadi
Zarini, Smart frequency control in multi-carrier
micro-grid with the presence of v2g electric
vehicles, Journal of Artificial Intelligence in
Electrical Engineering, 2024, 45, 53. [Google
Scholar], [Publisher]

[15]. E. Amouzad Mahdiraji, M. Sedghi Amiri,
Minimize power losses and voltage stability by
optimizing the installation location of
generators in distributed generation, Journal of
Engineering in Industrial Research, 2021, 2, 7-16.
[Crossref], [Google Scholar], [Publisher]

[16]. E.A. Mahdiraji, Multi-objective
optimization of distributed generation despite
energy  storage systems for  optimal
management,  International  Journal  of
Engineering and Innovative Research, 2022, 4,
44-59. [Crossref], [Google Scholar], [Publisher]
[17]. E. Amouzad Mahdiraji, S.M. Shariatmadar,
Locating and offering optimal price distributed
generation resources to increase profit using ant
lion optimization algorithm, International
Journal of Smart Electrical Engineering, 2019, 8,
143-148. [Crossref], [Google  Scholar],
[Publisher]

[18]. E Amouzad Mahdiraji, Evaluation of
shielding failure in uhv transmission lines by

improving the simulation in the corona
phenomenon. Journal of Engineering in
Industrial ~ Research, 2021, 2, 202-209.

[Crossref], [Google Scholar], [Publisher]

[19]. E.A. Mahdiraji, Consideration of the radius
caused by charging electrotherapeutic signals
for the evaluation of scattered and random
magnetic fields, Eurasian Journal of Chemical,
Medicinal and Petroleum Research, 2023, 2, 253-
258. [Crossref], [Google Scholar], [Publisher]
[20]. E.A. Mahdiraji, N. Ramezani, Transient
modeling of transmission lines components with
respect to corona phenomenon and grounding
system to reduce the transient voltages caused
by lightning Impulse, 2nd International
Conference on Knowledge-Based Engineering and
Innovation (KBEI), IEEE, 2015, 405-411.
[Crossref], [Google Scholar], [Publisher]

[21]. E.A. Mahdiraji, N. Ramezani, Evaluating the
effects of inductive fault current limiter and soil
ionization of high frequency grounding system
on transient recovery voltage and rate of rise of

2024, Volume 5, Issue 2

recovery voltage in power circuit breakers.
International Journal of Science and Engineering
Investigations (IJSEI), 2020, 9, 24-28. [Google
Scholar]

[22]. E.A. Mahdiraji, N. Ramezani, investigating
the electromagnetic transient state of shielding
failure in 1000 kv transmission line caused by
lightning strike, considering impulse corona, soil
ionization of high-frequency grounding system
and frequency dependent of transmission line,
International Journal of Science and Engineering
Investigations (IJSEI), 2020, 9, 35-42. [Crossref],
[Google Scholar], [Publisher]

[23]. A Mehdinavaz Aghdam, F Rousta,
Investigating the Risk Factors of
Hypoparathyroidism after Total Thyroidectomy,
Eurasian Journal of Chemical, Medicinal and
Petroleum Research, 2023, 2, 147-158 [Google
Scholar], [Publisher]

[24]. A. Johnson, In Investigating the Use of Pigs
in Gas Transmission Pipelines. Progress in
Chemical and Biochemical Research, 2022, 5,
218-228 [Crossref], [Google Scholar],
[Publisher]

[25]. G. Pepermans, J. Driesen, D. Haeseldoncky,
R. Belmans, W. D’haeseleer, Distributed
generation: definition, benefits and issues,
Energy Policy, 2005, 33, 787-798. [Crossref],
[Google Scholar], [Publisher]

[26]. H. Aalami, G.R. Yousefi, M.P. Moghadam,
Demand response model considering EDRP and
TOU programs, IEEE/PES Transmission and
Distribution Conference and Exposition, IEEE,
2008, 1-6. [Crossref], [Google Scholar],
[Publisher]

[27]. H.K. Nunna, S. Doolla, Energy management
in microgrids using demand response and
distributed storage—A multiagent approach,
IEEE Transactions on Power Delivery, 2013, 28,
939-947. [Crossref], [Google  Scholar],
[Publisher]

[28]. H.J. Cha, ].Y. Choi, D.J. Won, Smart load
management in demand response using
microgrid EMS, [EEE International Energy
Conference (ENERGYCON), IEEE, 2014, 833-837.
[Crossref], [Google Scholar], [Publisher]

[29].]. Oyarzabal, ]. Jimeno, J. Ruela, A. Engler, C.
Hardt, Agent based micro grid management
system, International Conference on Future
Power Systems, IEEE, 2005, 6. [Crossref], [Google
Scholar], [Publisher]



https://www.jeires.com/article_210996.html
https://doi.org/10.22034/advjse042013
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B13%5D%09E+Amouzad+Mahdiraji%2C+%26+SM%2C+Shariatmada%2C+Calculating+the+Power+of+the+Charging+Station+of+Electric+Vehicles+with+Photovoltaic+Roof.+Advanced+Journal+of+Science+and+Engineering%2C+2023%2C+4%282%29%3B+042013.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B13%5D%09E+Amouzad+Mahdiraji%2C+%26+SM%2C+Shariatmada%2C+Calculating+the+Power+of+the+Charging+Station+of+Electric+Vehicles+with+Photovoltaic+Roof.+Advanced+Journal+of+Science+and+Engineering%2C+2023%2C+4%282%29%3B+042013.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+&btnG=
https://sciengpub.ir/adv-j-sci-eng/article/view/advjse042013
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B14%5D%09E+Amouzad+Mahdiraji%2C+M+Khodadadi+Zarini%2C+Smart+Frequency+Control+in+Multi-Carrier+Micro-Grid+with+the+Presence+of+V2G+Electric+Vehicles+.journal+of+Artificial+Intelligence+in+Electrical+Engineering%2C+2024%2C+45+%2812%29%3B+53-69.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B14%5D%09E+Amouzad+Mahdiraji%2C+M+Khodadadi+Zarini%2C+Smart+Frequency+Control+in+Multi-Carrier+Micro-Grid+with+the+Presence+of+V2G+Electric+Vehicles+.journal+of+Artificial+Intelligence+in+Electrical+Engineering%2C+2024%2C+45+%2812%29%3B+53-69.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://sanad.iau.ir/Journal/jaiee/Article/936864
https://doi.org/10.22034/jeires.2021.120274
https://scholar.google.co.uk/citations?user=FUbIdCIAAAAJ&hl=en
http://www.jeires.com/article_120274.html
https://doi.org/10.47933/ijeir.1028326
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B16%5D%09E+Amouzad+Mahdiraji%2C+Multi-Objective+Optimization+of+Distributed+Generation+Despite+Energy+Storage+Systems+for+Optimal+Management.+International+Journal+of+Engineering+and+Innovative+Research%2C+2022%2C+4+%281%29%3B+44-59.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://dergipark.org.tr/en/pub/ijeir/article/1028326
https://dorl.net/dor/20.1001.1.22519246.2019.08.04.3.4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B17%5D%09E+Amouzad+Mahdiraji%2C+S+Shariatmadar%2C+Locating+and+Offering+Optimal+Price+Distributed+Generation+Resources+to+Increase+Profit+Using+Ant+Lion+Optimization+Algorithm.+International+Journal+of+Smart+Electrical+Engineering%2C+2019%2C+08%2804%29%3B+143-148.+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://sanad.iau.ir/Journal/ijsee/Article/1074545
https://doi.org/10.22034/JEIRES.2021.286029.1038
https://scholar.google.co.uk/citations?user=FUbIdCIAAAAJ&hl=en
http://www.jeires.com/article_130813.html
https://doi.org/10.5281/EJCMPR..20231102
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B19%5D%09E.A+Mahdiraji%2C+Consideration+of+the+Radius+Caused+by+Charging+Electrotherapeutic+Signals+for+the+Evaluation+of+Scattered+and+Random+Magnetic+Fields.+Eurasian+Journal+of+Chemical%2C+Medicinal+and+Petroleum+Research%2C+2023%2C+2%285%29%3B+253-258.+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.ejcmpr.com/article_182294.html
https://doi.org/10.1109/KBEI.2015.7436079
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B20%5D%09E.A+Mahdiraji%2C+N+Ramezani%2C+%22Transient+modeling+of+transmission+lines+components+with+respect+to+corona+phenomenon+and+grounding+system+to+reduce+the+transient+voltages+caused+by+lightning+Impulse%2C%22+2015+2nd+International+Conference+on+Knowledge-Based+Engineering+and+Innovation+%28KBEI%29%2C+Iran%2C+2015%2C+405-411+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://ieeexplore.ieee.org/abstract/document/7436079
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluating+the+effects+of+inductive+fault+current+limiter+and+soil+ionization+of+high+frequency+grounding+system+on+transient+recovery+voltage+and+rate+of+rise+of+recovery+voltage+in+power+circuit+breakers.+International+Journal+of+Science+and+Engineering+Investigations+%28IJSEI%29%2C+2020%2C+9%2C+24-28.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluating+the+effects+of+inductive+fault+current+limiter+and+soil+ionization+of+high+frequency+grounding+system+on+transient+recovery+voltage+and+rate+of+rise+of+recovery+voltage+in+power+circuit+breakers.+International+Journal+of+Science+and+Engineering+Investigations+%28IJSEI%29%2C+2020%2C+9%2C+24-28.+&btnG=
file:///C:/Users/Hoda/Downloads/segvNrxAhVPXBoKHe0VCTUQFjAAegQIAxAD&url=http:/www.ijsei.com/papers/ijsei-99620-07.pdf&usg=AOvVaw3_0nlGRIWFbGyCzpNMoLXr
https://scholar.google.co.uk/citations?user=FUbIdCIAAAAJ&hl=en
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwje
https://scholar.google.com/citations?user=jsPfDYcAAAAJ&hl=en&authuser=4
https://scholar.google.com/citations?user=jsPfDYcAAAAJ&hl=en&authuser=4
https://www.ejcmpr.com/
https://doi.org/10.22034/pcbr.2022.335686.1221
https://scholar.google.com/citations?hl=en&user=YhvFZdcAAAAJ&view_op=list_works&sortby=pubdate
https://www.pcbiochemres.com/article_150116.html
https://doi.org/10.1016/j.enpol.2003.10.004
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B25%5D%09G.+Pepermans%2C+J.+Driesen%2C+D.+Haeseldonckx%2CW+.+D%E2%80%99haeseleer+and+R.+Belmans%E2%80%9D+Distributed+Generation%3A+Definition%2C+Benefits+and+Issues%E2%80%9D+19+August+2003.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0301421503003069
https://doi.org/10.1109/TDC.2008.4517059
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B26%5D%09H.+Aalami%2C+G.+R.+Yousefi%2C+M.+Parsa+Moghadam+%E2%80%9CDemand+Response+Model+Considering+EDRP+and+TOU+Programs%E2%80%9D+Transmission+and+Distribution+Conference+and+Exposition+2008%2C1-6%2C+10.+1109%2FTDC.+2008.+4517059.&btnG=
https://ieeexplore.ieee.org/abstract/document/4517059
https://doi.org/10.1109/TPWRD.2013.2239665
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B27%5D%09H.+S.+V.+S.+Kumar+Nunna%2C+Suryanarayana+Doolla%2C%22+energy+Management+in+Micro+Grids+Using+Demand+Response+and+Distributed+Storage%E2%80%94A+Multiagent+Approach%22IEEE+Transactions+on+Power+Delivery%2C+Vol.+28%2C+No.+2%2C+April+2013.+&btnG=
https://ieeexplore.ieee.org/abstract/document/6461115
https://doi.org/10.1109/ENERGYCON.2014.6850522
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B28%5D%09Hee-Jun+Cha%2C+Jin-Young+Choi%2C+Dong-Jun+Won%E2%80%9D+Smart+Load+Management+in+Demand+Response+using+Microgrid+EMS%E2%80%9D+energy+conference+%28ENERGYCON%29%2C20014+IEEEinternational%2C833-837%2C+10.+1109%2FENERGYCON.+2014.+6850522.+&btnG=
https://ieeexplore.ieee.org/abstract/document/6850522
https://doi.org/10.1109/FPS.2005.204230
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B29%5D%09J.+Oyarzabal%2C+J.+Jimeno%2C+J.+Ruela%2C+A.+Engler+and+C.+Hardt%E2%80%9D+Agent+based+Micro+Grid+Management+System%E2%80%9D+No+ENK5-CT2002-00610.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B29%5D%09J.+Oyarzabal%2C+J.+Jimeno%2C+J.+Ruela%2C+A.+Engler+and+C.+Hardt%E2%80%9D+Agent+based+Micro+Grid+Management+System%E2%80%9D+No+ENK5-CT2002-00610.&btnG=
https://ieeexplore.ieee.org/abstract/document/1600503

2024, Volume 5, Issue 2

[30]. ].H. Doudna, Overview of California ISO
summer 2000 demand response programs, I[EEE
Power Engineering Society Winter Meeting.
Conference Proceedings (Cat. No. 01CH37194),
IEEE, 2001, 228-233. [Crossref], [Google
Scholar], [Publisher]

[31].]. Stevens, H. Vollkommer, D. Klapp, CERTS
microgrid system tests, IEEE Power Engineering
Society General Meeting, IEEE, 2007, 1-4.
[Crossref], [Google Scholar], [Publisher]

[32]. L. Goel, Q. Wu, P. Wang, Reliability
enhancement and nodal price volatility
reduction of restructured power systems with
stochastic demand side load shift, IEEE Power
Engineering Society General Meeting, IEEE, 2007,
1-8. [Crossref], [Google Scholar], [Publisher]
[33]. L. Goel, Q. Wu, P. Wang, Nodal price
volatility reduction and reliability enhancement
of restructured power systems considering
demand-price elasticity, Electric Power Systems
Research, 2008, 78, 1655-1663. [Crossref],
[Google Scholar], [Publisher]

[34]. L.A. Greening, Demand response resources:
Who is responsible for implementation in a
deregulated market?, Energy, 2010, 35, 1518-
1525. [Crossref], [Google Scholar], [Publisher]
[35]. M. Sedghi Amiri, E. Amouzad Mahdirajj,
Effects of fourier transform and modal theory on
cable fault location, Eurasian Journal of Science
and Technology, 2021, 1, 11-19. [Crossref],
[Google Scholar], [Publisher]

[36]. M. Elsied, A. Oukaour, H. Gualous, R.
Hassan, A. Amin, An advanced energy
management of microgrid system based on
genetic algorithm, I[EEE 23rd International
Symposium on Industrial Electronics (ISIE), IEEE,
2014, 2541-2547. [Crossref], [Google Scholar],
[Publisher]

[37]. N.D. Hatziargyriou, A. Dimeas, A.G.
Tsikalakis, ]J.P. Lopes, G. Karniotakis, ]J.
Oyarzabal, Management of microgrids in market
environment, International Conference on Future
Power Systems, IEEE, 2005, 7. [Crossref], [Google
Scholar], [Publisher]

[38]. N. Yu, JI. Yu, Optimal TOU decision
considering  demand  response  model,
International Conference on Power System
Technology, IEEE, 2006, 1-5. [Crossref], [Google
Scholar], [Publisher]

[39]. N. Lidula, A. Rajapakse, Microgrids
research: A review of experimental microgrids

Journal of Engineering in Industrial Research

and test systems, Renewable and Sustainable
Energy Reviews, 2011, 15, 186-202. [Crossref],
[Google Scholar], [Publisher]

[40]. P. Palensky, D. Dietrich, Demand side
management: Demand response, intelligent
energy systems, and smart loads, IEEE
Transactions on Industrial Informatics, 2011, 7,
381-388. [Crossref], [Google  Scholar],
[Publisher]

[41]. Q. Jiang, M. Xue, G. Geng, Energy
management of microgrid in grid-connected and
stand-alone modes, IEEE Transactions on Power
Systems, 2013, 28, 3380-3389. [Crossref],
[Google Scholar], [Publisher]

[42]. R Kolbadinezhad; E Amouzad Mahdiraji.
Evaluation and Selection of Construction
Industry Contractors as an Optimal Model from
the Perspective of Health, Safety and
Environment, Eurasian Journal of Science and
Technology, 2021, 1, 131-141. [Crossref],
[Google Scholar], [Publisher]

[43]. A Samimi, Risk Management in the
Laboratory based on the 17025 Standards,
Journal of Exploratory Studies in Law and
Management, 2020, 7, 114-119 [Google
Scholar], [Publisher]

[44]. A. Jimoh, S. Uba, V. Ajibola, E. Agbaji, Effect
of nanoparticles on the degradation, ageing and
other properties of ester-based nanofluids,
Advanced Journal of Chemistry, Section A, 2023,
6, 105-122. [Crossref], [Publisher]

[45]. S.M. Shariatmadar, E. Amouzad Mahdiraji,
Transient simulation of lightning in the
transmission line and consideration of corona
impact and frequency dependence and analogy
between them, journal of Engineering in
Industrial ~ Research, 2021, 2, 210-217.
[Crossref], [Google Scholar], [Publisher]

[46].S. Choi, S. Park, D.J. Kang, S.j. Han, H.M. Kim,
A microgrid energy management system for
inducing optimal demand response, IEEE
international  conference on smart grid
communications (SmartGridComm), IEEE, 2011,
19-24. [Crossref], [Google Scholar], [Publisher]
[47]. Q. Qdr, Benefits of demand response in
electricity markets and recommendations for
achieving them, US Dept. Energy, Washington,
DC, USA, TechRep, 2006, 2006, 95. [Google
Scholar], [Publisher]

[48]. E. Ternce, S. Seker, Energy management in
building micro grid peak shaving in utility with


https://www.jeires.com/article_210996.html
https://doi.org/10.1109/PESW.2001.917039
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B30%5D%09John+H.+Doudna%2C+P.+E%2C+Senior+Member%2C+IEEE%E2%80%9D+Overview+of+California+ISO+Summer+2000+Demand+Response+Programs%E2%80%9D+0-7803-6672-7%2F01%2F%2410.+00+%28C%29+2001+IEEE.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B30%5D%09John+H.+Doudna%2C+P.+E%2C+Senior+Member%2C+IEEE%E2%80%9D+Overview+of+California+ISO+Summer+2000+Demand+Response+Programs%E2%80%9D+0-7803-6672-7%2F01%2F%2410.+00+%28C%29+2001+IEEE.&btnG=
https://ieeexplore.ieee.org/abstract/document/917039
https://doi.org/10.1109/PES.2007.385793
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B31%5D%09John+Stevens%2C+Sandia+National+Laboratories%3B+Harry+Vollkommer+P.+E.%2C+David+Klapp%2C+American+Electric+Power%E2%80%9D+CERTS+Micro+Grid+System+Tests%E2%80%9D+1-4244-1298-6%2F07%2F%2425.+00+%C2%A92007+IEEE.+&btnG=
https://ieeexplore.ieee.org/abstract/document/4275559
https://doi.org/10.1109/PES.2007.385602
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B32%5D%09L.+Goel%2C+Q.+Wu%2C+P.+Wang%2C+Reliability+enhancement+and+nodal+price+volatility+reduction+of+restructured+power+systems+with+stochastic+demand+side+load+shift%2C+in%3A+IEEE%2C+General+meeting%2C+June%2C+2007%2C+pp.+1%E2%80%93+8.&btnG=
https://ieeexplore.ieee.org/abstract/document/4275211
https://doi.org/10.1016/j.epsr.2008.02.012
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B33%5D%09L.+Goel%2C+Qiuwei+Wu%2C+Peng+Wang+%E2%80%9CNodal+price+volatility+reduction+and+reliability+enhancement+of+restructured+power+systems+considering+demand%E2%80%93price+elasticity%E2%80%9D+Available+online+9+April+2008.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0378779608000667
https://doi.org/10.1016/j.energy.2009.12.013
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B34%5D%09Lorna+A.+Greening%E2%80%9D+Demand+response+resources%3A+Who+is+responsible+for+implementation+in+a+deregulated+market%3F%E2%80%9D+Available+online+8+January+2010.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0360544209005337
https://doi.org/10.22034/jstr.2021.130258
https://scholar.google.co.uk/citations?user=FUbIdCIAAAAJ&hl=en
http://ejst.samipubco.com/article_130258.html
https://doi.org/10.1109/ISIE.2014.6865020
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B36%5D%09Moataz+Elsied%2CAmrane+Oukaour+and+Hamid+Gualous%2C+Radwan+Hassan%2CAmr+amin%E2%80%9D+An+Advanced+Energy+Management+of+Microgrid+System+Based+on+Genetic+Algorithm%E2%80%9D+Industrial+electronic%28ISIE%29%2C2014+IEEE+23rd+international+symposium+on%2C2541-2547%2C10.+1109%2FISIE.+2014.+6865020.&btnG=
https://ieeexplore.ieee.org/abstract/document/6865020
https://doi.org/10.1109/FPS.2005.204225
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B37%5D%09N.+D.+Hatziargyriou%2CSenior+Member%2C+IEEE+A.+Dimeas%2C+St.+Member+IEEE%2C+A.+G.+Tsikalakis%2C+St.+Member+IEEE%2C+J.+A.+Pecas+Lopes%2C+Senior+Member%2C+IEEE%2C+G.+Kariniotakis%2CMember+IEEE%2C+J.+Oyarzabal+%E2%80%9D+Management+of+Microgrids+in+Market+Environment%E2%80%9D+Contract+No+ENK+5-CT-2002-00610.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B37%5D%09N.+D.+Hatziargyriou%2CSenior+Member%2C+IEEE+A.+Dimeas%2C+St.+Member+IEEE%2C+A.+G.+Tsikalakis%2C+St.+Member+IEEE%2C+J.+A.+Pecas+Lopes%2C+Senior+Member%2C+IEEE%2C+G.+Kariniotakis%2CMember+IEEE%2C+J.+Oyarzabal+%E2%80%9D+Management+of+Microgrids+in+Market+Environment%E2%80%9D+Contract+No+ENK+5-CT-2002-00610.&btnG=
https://ieeexplore.ieee.org/abstract/document/1600498
https://doi.org/10.1109/ICPST.2006.321461
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B38%5D%09N.+Yu%2C+J.+Yu%2C+%22Optimal+TOU+Decision+Considering+Demand+Response+Model%22%2C+International+conference+on+power+system+technology%2C+PP.+1-5%2C+2006.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B38%5D%09N.+Yu%2C+J.+Yu%2C+%22Optimal+TOU+Decision+Considering+Demand+Response+Model%22%2C+International+conference+on+power+system+technology%2C+PP.+1-5%2C+2006.&btnG=
https://ieeexplore.ieee.org/abstract/document/4116286
https://doi.org/10.1016/j.rser.2010.09.041
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B39%5D%09N.+W.+A.+Lidula%2C+A.+D.+Rajapakse%E2%80%9D+Micro+grids+research%3A+A+review+of+experimental+micro+grids+and+test+systems%E2%80%9D+doi%3A10.+1016%2Fj.+rser.+2010.+09.+041+Accepted+15+September+2010.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S136403211000328X
https://doi.org/10.1109/TII.2011.2158841
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B40%5D%09Peter+Palensky%2C+Senior+Member%2C+IEEE%2C+and+Dietmar+Dietrich%2C+Senior+Member%2C+IEEE+%E2%80%9CDemand+Side+Management%3A+Demand+Response%2C+Intelligent+Energy+Systems%2C+and+Smart+Loads%E2%80%9D+IEEE+Transactions+on+Industrial+Informatics%2C+VOL.+7%2C+NO.+3%2C+AUGUST+2011.&btnG=
https://ieeexplore.ieee.org/abstract/document/5930335
https://doi.org/10.1109/TPWRS.2013.2244104
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B41%5D%09Quanyuan+Jiang%2C+Meidong+Xue%2C+and+Guangchao+Geng%2C%E2%80%9D+Energy+Management+of+Micro+grid+in+Grid-Connected+and+Stand-Alone+Modes%22+IEEE+Transactions+on+Power+Systems%2C+Vol.+28%2C+No.+3%2C+August+2013.&btnG=
https://ieeexplore.ieee.org/abstract/document/6472268
https://doi.org/10.22034/JSTR.2021.285446.1021
https://scholar.google.co.uk/citations?user=FUbIdCIAAAAJ&hl=en
http://ejst.samipubco.com/article_130755.html
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=YhvFZdcAAAAJ&sortby=pubdate&citation_for_view=YhvFZdcAAAAJ:unp9ATQDT5gC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=YhvFZdcAAAAJ&sortby=pubdate&citation_for_view=YhvFZdcAAAAJ:unp9ATQDT5gC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=YhvFZdcAAAAJ&sortby=pubdate&citation_for_view=YhvFZdcAAAAJ:unp9ATQDT5gC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=YhvFZdcAAAAJ&sortby=pubdate&citation_for_view=YhvFZdcAAAAJ:unp9ATQDT5gC
https://www.researchgate.net/profile/World-Of-Researches-Publication-W-R-P/publication/365150964_Risk_Management_in_the_Laboratory_based_on_the_17025_Standards/links/63667d532f4bca7fd034aece/Risk-Management-in-the-Laboratory-based-on-the-17025-Standards.pdf
https://doi.org/10.22034/ajca.2023.367575.1341
https://www.ajchem-a.com/article_165650.html
https://doi.org/10.22034/jeires.2021.286745.1039
https://scholar.google.co.uk/citations?user=FUbIdCIAAAAJ&hl=en
http://www.jeires.com/article_131026.html
https://doi.org/10.1109/SmartGridComm.2011.6102317
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B46%5D%09Soojeong+Choi%2CSunjupark%2CDong-Joo+Kang%2CSeung-Jae+Han%2C+Hak-Man+Kim+%E2%80%9D+A+MicroGrid+Energy+Management+System+For+Inducing+Optimal+Demand+Response%E2%80%9Dinternational+conference+on+IEEE+2011%2C19-24%2C+10.+1109%2Fsmartgridcomm.+.+2011.+6102317.&btnG=
https://ieeexplore.ieee.org/abstract/document/6102317
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B47%5D%09U.+S.+Department+of+Energy+%E2%80%9CBenefits+of+Demand+Response+in+Electricity+Markets+and+Recommendations+for+Achieving+Them+%E2%80%9CFebruary+2006.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B47%5D%09U.+S.+Department+of+Energy+%E2%80%9CBenefits+of+Demand+Response+in+Electricity+Markets+and+Recommendations+for+Achieving+Them+%E2%80%9CFebruary+2006.&btnG=
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=a6a4ea518799c16a26f76597182df1cd0555c78e

Journal of Engineering in Industrial Research

2024, Volume 5, Issue 2

peak pricing demand response scheme, 2nd Embedded Drive Control (ICPEDC), IEEE, 2019,
International Conference on Power and  477-482.[Crossref], [Google Scholar]

Copyright © 2024 by authors and SPC (Sami Publishing Company) + is an open access article distributed under
the Creative Commons Attribution License (CC BY) license, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.



https://www.jeires.com/article_210996.html
https://doi.org/10.1109/ICPEDC47771.2019.9036650
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B48%5D%09Wencong+Su+and+Jianhui+Wang%E2%80%9D+Energy+Management+Systems+in+Micro+Grid+Operations%E2%80%9D+October+2012%2C+Vol.+25%2C+Issue+8.&btnG=
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

