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SEP substations. However, uncertain loads will always be inadequate in long-
term planning. Regular development planning will lead to an unreliable
network. In this article, in order to cover the uncertainties of location and size
in the substation expansion Planning, the minimum load distance from the
location of the posts is found and if necessary, the need to build a new post will
be announced. Also, in the vicinity of post number 2, a 10 MW wind power
plant has been designed and provided to satisfy the load. The wind farm is also
simulated taking into account wind uncertainty. The method is based on
finding the minimum load distance from existing posts and extending it as
needed. The presence of cryptographic devices in the power grid as an
indefinite burden has been the need to conduct this research. As a result of this
research, the target post in load satisfaction is identified and in case of
inefficiency in load satisfaction, the development planning of that post is
considered to satisfy the load.

Semnan, Semnan, Iran

Introduction

Planning the development of sub-distribution substations in
different time horizons plays an essential role in achieving
the goals of the electricity industry because electric energy
cannot be easily stored. Load forecast is one of the most
important data that determines the amount of posts needed
to satisfy the load in the future. In other words, the main
prerequisite for planning the above distribution posts in
different time frames is to predict the future load of the
network. For long-term forecasting, it is in the range of
several years. Due to the random behavior of the load, there
is always some error in the predictions. Also, the presence
of digital land codes and digital land mining devices that
appear legally or illegally on the network makes the
forecasts face double problems. High-level forecasting will
cause additional investment to create unused reserves and
capital loss, as well as low-level forecasting will cause power
shortages and equipment damage due to overload. Since
the nature of the power generation source of wind power
plants is completely random, as a result, the production of
these power plants at different times cannot be accurately
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predicted [44] compared to conventional generators, the
output of wind turbines is a function of wind speed. There is
a non-linear relationship between them. . [19] In addition to
its random nature, the hourly wind speed also depends on
its speed during the previous hours. As a result, an ARMA
model that includes both random inputs and previous values
of the output is proposed for wind speed in [11].

With the increasing expansion of electricity consumption
and industrial development, the need to increase
production and expand production units is felt more than
ever. In the meantime, the use of renewable resources in
power generation is increasing day by day for various
reasons. Among these reasons, the following can be
mentioned:

1) Attention to diversity in the energy portfolio of energy
production

2) Cleanliness and less impact on the environment

3) The extent of these resources and no need to transport
fuel

4) The increase in the price of fossil fuels and the mid-term
economic justification of using these wind power plants
with free fuel [13]
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Theoretical framework and research background:
A) Development of above distribution posts:

The growth of the demand for electrical loads that can be
fed by sub-distribution substations and can be done under
the conditions of security and adequacy of the network has
caused long-term, medium-term and short-term planning in
this direction. One part of the main load growth is residential
loads, but another part of the unexpected loads is special
loads that in the last few years have an indefinite weight on
the above distribution networks in terms of size and
location. In this regard, various studies have been conducted
in the world with uncertain results. Jamati growth, changes
in the pattern of mozaf, environmental conditions, weather
conditions seem to be different subjects [13].

The response to the demand is one of the uncertain things,
for example, due to the process of clearing the market, the
price of electricity in the energy market and the elasticity of
consumption [13] There are various methods in optimizing
this development of super distribution substations, such as
the Mochegan algorithm, the genetic algorithm, and the
movement of birds. and ... have been used. In [45], a general
framework for the design of distribution systems is
presented. In articles [46-47], the complexity of the process
of designing an optimal distribution system is investigated.
In [48], the colonial competition algorithm is used to design
an optimal distribution network. A number of useful articles
on the design of an optimal distribution system are
presented in [49-52].

b) Uncertainty assessment of availability of wind turbines:
The use of renewable energies such as wind, sun, etc. in
recent years and special attention to the development of
this sector has attracted everyone's attention, but the
uncertainty in wind energy has caused the calculations to be
directed in another direction and the uncertainty in Consider
this type of energy.

At first, after getting the possibilities related to the
uncertainty in the primary energy, the uncertainty of the
availability of the wind turbine should also be taken into
consideration. If the two-state model of the Markov model
is used to model the wind turbine with failure rate g, the
probability of X turbine being healthy among N wind
turbines can be calculated as follows (using binomial
distribution) [21].

P(x)=(x )*@-a)* q® "
(%) o

where N is the total number of turbines, x is the number
of healthy turbines, q is the turbine failure rate, and p(x) is
the probability that x turbine is healthy. By combining this
probability function with the probabilities related to the
wind speed, the probability distribution function related to
the wind speed, the probability distribution function of the
production power of a wind turbine set (wind farm) will be
obtained [21].
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Since the nature of the power generation source of wind
power plants (which is the wind) is completely random, as a
result, the production of these power plants at different
times cannot be accurately predicted. There are two main
methods in order to investigate the impact of wind power
generation on network production and judge their future
production. [38]

1) Monte Carlo method: which is based on random
number generation and successive calculations of
probabilities.

2) The method of using the COPT table, which is based on
examining the probability of each power plant exiting [13],
is a two-stage model suitable for evaluating the reliability of
conventional power plant units, but this model is not
suitable for wind turbine generators, because the speed The
wind is not constant at a certain level, and therefore the
multiphase model is used for this purpose.The figure below
shows the multi-stage model. [36]
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Fig2. multi-stage wind turbine model.

Each stage has a pair of interdependent parameters
(normal power Pi, probability PBi) which is shown below.

That is, it is meant for every possible specific power. [36]
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Fig3. - Dependence of output power and related possibilities
In reference [38], a 2 MW wind turbine is modeled by
Markov model in a multi-stage manner. As follows:



Figd. Markov output power model for a wind turbine

And in the following, the probabilistic model of several wind
turbines (wind farm), consisting of 5 wind turbines of 2 MW, has
been obtained with the Karkov model and considering its FOR.

Also, a 6-stage Markov model has been presented for a 10
MW wind farm [38].

In reference [40], with the time series of the predicted
wind speed, then the probability of the wind speed in a time
interval is obtained. According to the following relationship:

N ai

P = oore
8760*N, )

Nai: number of simulated wind speed data
Ny: number of simulated years

In reference [39], the reliability of wind farms in the power
system in the HL-1l area has been investigated. The power of
the wind farm has been modeled in a multi-stage manner.
The behavior of wind speed monthly, seasonally, and bi-
seasonally for 20 years in the southeast It was carried out in
the Sistan region of Iran. In this reference, the output power
of the wind farm is also modeled. And it is stated that the
power in a wind farm is obtained from the following
relationship.

P =AX,+BX,+CX,
3)

In this regard: A: the number of X1 type turbines, B: the
number of X2 type turbines, and C: the number of X3 type
turbines. Also, considering the coefficient of 0.95, the
output power of the wind farm is will be. [39]

Description of the problem:

Usually, in the power grids, the above distribution
substations and other power supply equipment and tools
are installed based on the previous information obtained in
the network and whether this power supply equipment
meets the needs of the new loads that are uncertain in size
and location are among the characteristics of these loads.
whether or not it is one of the important questions that the
planning in the development of the above distribution
substations is a part of this power supply cycle that must be
addressed. and the distance of the existing tap stations is
calculated, the post which has the closest distance to the
load is calculated, because in order to supply the load
power, it is necessary to build a line and invest in the
distribution supply system.

Therefore, as a rule, the shortest distance will have a
lower cost.. So, after determining the post that should
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supply the desired load, the existing capacity of the post and
the load will be compared, and if the planning is satisfied, it
will not be developed, and if the existing post The target was
not able to supply the load power, the development of the
post is being done. Of course, with the exception of station
number two, which is adjacent to 5 wind power plants each
with a capacity of 2 megawatts, the capacity of this wind
farm will be used to satisfy the load if there is a need for
development.

suggested method:

A) Uncertainty evaluation in wind turbine
production power:

First, we get the 2 MW wind turbine modelin Table 1,the
different power generation modes of a wind turbine with a
capacity of 2 megawatts at different wind speeds and its
possibilities are calculated and included.

Table 1. Functional modes of 2 MW wind turbine
Probability | Generated | wind speed state
(Wayball power (m/s)
distribution) (kw)
0/0984 50 8<V<25 1
0/0823 45/2046 7.5<V<7 2
0/0825 36/5029 7<V<7.5 3
0/0798 28/9224 7.5<V<6.5 4
0/0748 22/3856 6. 5<V<6 5
0/0682 16/8154 6<V<5.5 6
0/0605 12/1343 5.5<V<5 7
0/0524 8/2651 5<V<4.5 8
0/0443 5/1305 4.5<V<4 9
0/0366 2/653 4<V<3.5 10
0/0296 0/7555 3.5<V<3 11
0/2997 0 V<25, V<3 12
1/00 0 -- Total

2 MW wind turbine power calculation:In this research, a 2

megawatt wind turbine has been selected:
Table 2: (wind turbine GAMESA G83-2.0 MW)

Generator 2.0 MW

Type Doubly-fed machine
Rated power 2.0 MW

Voltage 690 V ac

Frequency 50 Hz / 60 Hz
Protection class IP 54

Number of poles 4

900:1,900 rpm (rated 1,680 rpm) (50 Hz)
1,080:2,280 rpm (rated 2,016 rpm) (60 Hz)

1,500 A@ 690V

0.98 CAP - 0.96 IND at partial loads and
1 at nominal power. *

0.95 CAP - 0.95 IND throughout
the power range. *

Rotational speed

Rated Stator Current
Power factor (standard)

Power factor (optional)
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Power Curve Gamesa G83-2.0 MW
(for an air density
of 1.225 kg/m?)

Power kW

Cut-in speed: 4 mls
Cut-out speed: 25 mis

Wind speed mis
Fig5. Power change curve in p;oportion to wind speed changesin a
2 MW wind turbine.

Also, as can be seen in the above curve, the wind speed
below 4 m/s has zero kw output power and more than this
value up to 25 m/s corresponds to the curve and based on
the power equation mentioned above.

Of course, these values are provided by the manufacturer
in the table 3. In this research, first, the wind speed data of
Manijil region in the north of Iran was prepared. Of course,
this information is from 2008. This information is in the form
of 49,980 wind speed data, which was taken every 10
minutes by the meteorological center.

According to the table 3 and a simple relationship, the
probability of occurrence in each of the stages of the table 3
is obtained. Now, by multiplying the resulting power by the
wind speed, the probability of occurrence obtained in each
stage and at the end the algebraic sum of these
multiplications is the amount of power that Power is
expected from a 2 MW turbine mentioned above. These
relationships are shown below
P, =1

49979 (4)

Pri=probability of each state and i value from 1 to 16

states.
So prl......... prl6 is the probability of 16 occurrences of the
aforementioned table 3 and n1............ nl6 is the number of
times that the wind speed was in that state out of 49980
data.

Table 3: Multi-stage model of wind speed
levels wind Power out | Possibility
speed put

6 8<V<9 715/8 0/041675
7 9<V<10 1024/8 0/038635
8 10<v<11 1377/4 0/026831
9 11<v<12 1690/8 0/041136
10 12<v<13 1881/9 0/028792
11 13<v<14 1963/8 0/046058
12 14<v<15 1990/3 0/047039
13 15<v<16 1997/6 0/030512
14 16<Vv<17 1999/4 0/042677
15 17<v<18 1999/9 0/039316
16 18<Vv<19 2000/0 0/023509
17 19<Vv<25 2000/0 0/12077
18 V>25 0 X2

Table 3: Multi-stage model of wind speed
levels wind Power out | Possibility
speed put

1 V<4 0 X1
2 4<V<5 65/1 0.08333
3 5<V<6 152/4 0/044238
4 6<V<7 285/2 0/053701
5 7<V<8 470/8 0/031052

By multiplying the two columns on the right, in each row,
the potential power of the wind turbine is obtained in multi-
stage mode.

Pt=).18, pi X pri (5)

which: ((the power produced at each speed in the above
table)*(probability of occurrence of that speed)) = 5 pt =
0.9696 in terms of perunit Paying attention to the above
calculations, we have assumed ptotal = MW.

Wind histogram with SPSS software:In this research, the
wind information of Manjil region in the north of Iran in
2008, which was measured every 10 minutes, was prepared
and the frequency and normal function curve and other
information were obtained by SPSS software, which is given
below:
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By using the data in Table 1, the position of the available
posts is determined. Also, the capacity of each post is
shown in this table.

Each time the program is run, it appears for an
undetermined electrical charge in capacity and location.
First, one of the existing substations should take action to
satisfy the requested power due to being closer to the
substation. If the capacity of the substation is not sufficient
for this task, according to the needs of the location and the
desired capacity, it will be announced that the capacity
needs to be expanded. It has a certain amount of 15 MW
or 30 MW. Of course, there is an exception for the existing
substation No. 2, which is specified in Table 1, and that is
that there is a wind farm next to this substation that has 10
wind turbines. Satisfying the load takes place in case of
inability to supply power by the post office Every time the
program is executed, due to the uncertainty of the load,
both in terms of size and size, this load may appear near one
of the posts. In this case, the power status of the post close
to the load is checked, and if satisfied There will be no need
to develop a new substation by the existing substation,
otherwise, according to the need and load, the new
substation will be installed in two sizes, 15 MW or 30 MW.
Wind in the area of Post No. 2, where there is a suitable wind
speed in that location, and a wind farm should be built in the
vicinity of Post No. 2, but due to the uncertainty in the wind,
this issue will be investigated separately.

Table 4: details of available positions

Paper Title

In the table 5, the information extracted from MATLAB
software is placed. First, the latitude and longitude of the
unknown load and its capacity are generated randomly. The
software calculates the distance of the load to the posts and
the nearest post is determined to feed the load. In this case,
by comparing the existing capacity of the substation and the
load capacity, the need to construct the substation or its lack
is determined.

table 5:
Latitude | Longitude | uncertainty | The expected | Substation
(km) (km) load shortest | energy number
capacity distance not To
(MW) from supplied transfer
the load | (EENS) power to
to the load
the
sustation
(km)
75 77 2 13.92 0 4
69 60 21 22.82 15 3
14 59 2 18.95 0 2
11 82 25 29.06 15 3
77 50 9 21.18 0 5
78 15 29 17 29 5
65 44 29 14.86 44 5
53 87 24 14.76 15 3
23 3 22 18.38 15 1
66 9 2 21.37 0 5

Station | Longitude | latitude | Available | Expandable
number km km capacity | capacity
MW MW

1 20 30 15 15530

2 50 30 15 15530

3 80 40 30 15530

4 90 80 15 15530

5 30 70 15 15530

Conclusion:

The increasing consumption of electrical power and the
appearance of various loads compared to the past has made
planning the development of essential posts undeniable.
Uncertain loads will always cause inadequacies in long-term
planning. Development planning without taking into
account the uncertainty in certain loads that have
uncertainty will cause problems in responding to the
network's needs. In this article, in order to cover the
uncertainties of the location and size of the load in the
planning of the development of the super distribution
substations, the shortest distance of the load from the
location of the existing candidate substations has been
found. If the selected post is not satisfactory enough, the
need to build a new post will be announced. Also, in a
specific case, a 10 megawatt wind power plant was designed
and presented in the vicinity of station number 2 to satisfy
the load, and the wind power plant was simulated
considering the uncertainty of the wind. The method of
doing the work is based on finding the shortest load distance
from the existing posts and expanding it if needed. The
presence of cryptocurrency mining devices in the power grid
as an uncertain burden has made it necessary to address this
research. As a result of this research, the above distribution
post calculated to satisfy the load is identified and in case of
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inefficiency in satisfying the load, the development planning
of that post is considered.
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