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Abstract: The environmental concerns of the use of fossil
fuels and the financial interests of governments have raised
the necessity of installing renewable power plants in the
distribution network. In order to make maximum use of these
resources, it is necessary to calculate the hosting capacity of
the network. The hosting capacity of the distribution network
is the maximum allowed capacity for installing distributed
generation in the network, according to operating
restrictions. Wind farms are one of the renewable resources
used in the power system. The presence of wind farms
intensifies the uncertainties of network operation. In this
article, the theory of Information Gap Decision has been
used to model the uncertainties in the production of wind
farms and the amount of hourly load to calculate the hosting
capacity of the network.  The strategies of energy
management of the network have been taken into account in
order to increase the capacity. The network energy
management strategies, considered in this article, include
static var compensators, network reconfiguration, and power
factor control of wind turbines. The correctness and the
accuracy of the proposed modeling has been studied on 33
bus IEEE networks.
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Introduction

The environmental concerns of the use of fossil
fuels and the financial interests of governments
have raised the necessity of installing renewable
power plants in the distribution network. In order
to make maximum use of these resources, it is
necessary to calculate the hosting capacity of the
network. The hosting capacity of the distribution
network is the maximum allowed capacity for
installing distributed generation in the network,
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according to operating restrictions.

Distributed Generation refers to the cases, in
which electricity is produced at the same place of
consumption or near the place of consumption.
With the expansion of the use of distributed
generation, including solar sources and wind
turbines, the distribution network has changed
from passive to active, and the direction of electric
power flow is bidirectional. These resources have
the characteristics of low operating cost, suitable
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environmental conditions, increased system
reliability, and reduced load on transmission lines.
Besides, they are limited in terms of the capacity
that can be installed.I If the amount of their
installation exceeds the permissible limit, it results
in an increase in losses in the network, a rise in
voltage regulation, a decrease in the life of
transformers with on-load tap changer, an
overload of network equipment, the generation of
harmonic currents, and the effects on power
system protection. Hosting capacity calculation
determines the effect of injecting distributed
generation units in different buses of the
distribution network and helps network designers
build and upgrade the network in a cheaper,
greener, and more sustainable manner. In order to
preclude operational problems caused by an
increase in the injection into the network, there are
some technical issues to which the network
operator should pay attention, including voltage
limitations, equipment thermal limits, protection
and power quality. The solutions to an increase in
the hosting capacity of the network, realized
through operation, include reactive power control,
network  reconfiguration, active power
curtailment, voltage control by transformers with
an On-load tap changer, the use of energy storage
systems or electrical vehicles, and the use of
harmonic reduction methods.

The presence of wind farms increases the
uncertainties of network operation as does the
variability of hourly load on the network. Studies
on hosting capacity fall into two categories. First,
the studies concerned with the calculating of the
capacity by considering different constraints and
the studies concerned with an increase in the
capacity of the network; these studies can be
carried out definitively or in the presence of
various uncertainties in the network.

Increasing the capacity of the network is not
realized only through operation; it is also possible
in the design phase by expanding the network and
installing control devices, and so on. The
installation location and the number of sources are
also determined in the design phase; in general, all
buses can be considered candidates for
installation, but restrictions are created by the
investors, which come from their greater desire to
install and the installation capacity of some tires.
Of course, due to the similarity of the weather
conditions of the buses in the distribution
network, some buses can be declared as the
candidates for the design. Otherwise, the problem
becomes very big.

In the previous studies, the lack of network
capacity calculation in the presence of
uncertainties, using a fast and efficient method, is
felt. The methods used to model capacity in the
presence of uncertainty were mainly time-
consuming methods and required specific data
from networks such as wind speed, probability

density function of uncertain variables, and energy
management methods, if they are included in the
modeling of network, they will be time-
consuming.

The purpose of this article was to calculate the
capacity of the network using the optimal load
distribution method in the presence of
uncertainties of daily load and wind generation.
Uncertainty modeling has been conducted using
decision theory based on information gap. Studies
were implemented for 24 hours a day. In the end,
in order to check the increase in capacity through
energy  management  methods, network
reconfiguration, static var compensator modeling,
and power factor control of wind turbines were
used.

Materials and Methods

This article proposed the use of Information Gap
Decision Theory to calculate the hosting capacity
of a network under the uncertainties created by
changes in wind energy production and hourly
consumption. By applying this theory, a
confidence interval was determined with minimal
information about the network, ensuring that the
network operates within acceptable conditions.
Particle Swarm Optimization wasemployed to
solve the optimization problem in this method,
which required an accurate and efficient method
to calculate capacity at different levels of load and
uncertainty radius. To increase network capacity,
three energy management strategies, namely static
VAR compensator control, network
reconfiguration, and power factor controller
modeling, were investigated and combined in
eight different scenarios. The optimal power flow
method was used to accurately determine the
capacity of the network. The results demonstrated
the effectiveness of the proposed approach in
enhancing network capacity and managing
uncertainties.

Results

The correctness and accuracy of the proposed
modeling was studied on 33 bus IEEE networks.
Numerical results are given in Tables 1 and 2.

Discussion and Conclusion

The simulation results have indicated that network
reconfiguration and power factor control of wind
turbines play a significant role in increasing the
network capacity, particularly in conditions of
uncertainty. Specifically, the power factor control
of wind turbines used for voltage regulation and
network reconfiguration to prevent power flow
violations have shown a high impact. This
modeling approach can be applied to calculate
quickly and accurately the network capacity in the
presence of uncertainty factors while minimizing
risk.
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1. Wind Farms
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3. On Load Tap Changer
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