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Abstract: In order to realize effective load transfer in medium voltage distribution network when N-1 fault occurs, a method
of power supply unit division is proposed. Firstly, according to the content and characteristics of grid planning of distribution
network, the principle of power supply unit division is proposed. Then, based on the grid planning of distribution network, the
method of power supply unit division is established. Finally, the calculation results show that the division of power supply units
based on the power supply grid and energy storage planning improves the line connection rate, meets the N-1 safety check, and
improves the safety and reliability of the medium-voltage distribution network.

Keywords: Distribution network planning, Stored energy, Power supply unit, N-1 Security check.

1. Introduction

The division of power supply units is planned on the basis
of the division of power supply grids in the medium voltage
distribution network and the grid-connected capacity
configuration of energy storage. It is composed of multiple
power supply grids, which can be transferred by the
connected power supply grids in the same power supply unit
in case of failure. Each power supply unit operates
independently to ensure the stable and reliable operation of
the power grid. It is a very important content in meshing
planning of medium voltage distribution network.

At present, some scholars have conducted research on the
division of power supply units. Literature [1] defines the
multi-level modular structure and functions at each level of
the distribution network, and proposes the planning process
and division method for each level. Based on the geographical
boundary constraints and the quantity constraints of power
supply units, literature [2] optimizes and combines the grids
with high boundary coincidence degree, and proposes the
evaluation index of grid boundary degree to divide power
supply units. In literature [3], a mathematical model of project
life cycle cost considering power failure loss factors was
constructed, and a new distribution grid planning method
based on capacity and power supply reliability, that is, double
Q, was proposed. Literature [4] clarified the candidate
channel layout in the supply area, and planned the power
supply zone in the supply area based on the maximization of
the "N-1 safety criterion" of the line channel and the
minimization of the planned line cost. In literature [5], based
on meeting the connectivity of trunk channels, and
considering that load can be transferred between different
lines and channels and reduce the comprehensive cost, a
model was constructed, and the exhaustion method was
adopted to solve it. In literature [6], the power supply units
were divided based on the bipartite maximum weight
algorithm!”!, considering the reliability of the power supply
area and the improvement of load transfer capacity, while the
distance between the power supply grids was minimized and
the lines of the power supply units in the power supply area
were not crossed. The above research uses different methods
to divide the power supply unit, which has different degrees
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of improvement in the performance of the power supply unit.
However, in the future power grid construction, due to the
change of the power grid structure, the influence of multiple
factors should be considered in the division of the power
supply unit, and the study on the participation of energy
storage in the division of the power supply unit of the
medium-voltage distribution network also plays an important
role.

In view of this, the power supply unit division model and
method are proposed to realize the effective load transfer
when N-1 fault occurs in distribution network. Firstly, based
on the planning results of power supply grid and energy
storage capacity of medium voltage distribution network and
the characteristics of power supply area, the principle of
power supply unit division is established. Then, on this basis,
the power supply unit division method is established. Finally,
the validity of the power supply unit division method based
on power grid and energy storage planning is verified by an
example analysis.

2. Principles for Dividing Power
Supply Units

2.1. Power supply unit definition

Power supply unit definition: consists of multiple grids
with similar distances, and in the event of an N-1 fault, the
interconnected grids within the power supply unit carry out
belt transfer. The power supply unit operates independently,
effectively reducing the impact range of faults between
devices, and ensuring the safety and reliability of the medium-
voltage distribution network.

Power supply units are divided into power supply units on
the premise of considering load transfer capacity and
improving power supply reliability after power grid planning.
This paper considers the supporting role of energy storage on
power supply units and carries out power supply unit planning,
which will be detailed in the corresponding chapters.
According to the "Technical Guidelines for Distribution
Network Planning and Design" issued by the National Energy
Administration!®, the safety standards of medium voltage
distribution network are shown in Table 1.



Table 1. Safety criteria of medium voltage distribution network

Power supply area type Power supply safety criterion

A+, A, and B class It should satisfy N-1
C class The value must be N-1
D class It satisfies N-1
E class Do not make mandatory

requirements

2.2. Division principle

According to the characteristics of the planned power
supply area of the medium-voltage distribution network and
the planning results of the meshing joint planning model of
the medium-voltage distribution network based on the time
series characteristics®), each power supply grid is reasonably
matched to form a power supply unit to ensure the effective

load transfer in the power supply unit when N-1 failure occurs.

Therefore, the principle of power supply unit division is
proposed to provide a theoretical basis for the division of
power supply units.

According to the power supply grid planning results of
distribution network and the definition of power supply unit
in this paper, the power supply grid obtained after grid
planning is combined into a power supply unit with uniform
power supply radius, balanced load size and load balance
according to geographical location. The division of power
supply units should comply with the following principles.

Power supply radius balance: The power supply radius of
each power supply unit and the power supply grid composed
of the power supply unit should be balanced to facilitate
management.

Load size balance: In order to improve the utilization of the
equipment, the load of each power supply unit should be able
to maintain a balance.

Load balancing: The load ratio of each power supply grid
of the power supply unit should be balanced to minimize the
peak-valley difference ratio of the power supply unit, improve
the load ratio, and maintain the stability of the system.

3. Power Supply Unit Division Method

3.1. Partition index

After the meshing joint planning of medium voltage
distribution network, in order to obtain the potential of each
power supply grid, the differential matching of power supply
grid is studied, so that each power supply grid can be
reasonably matched to the corresponding power supply unit.
In this paper, "full load difference coefficient" is proposed to
quantify the matching degree between different power supply
grids, and reasonable combination results are obtained
through calculation, specifically:

_L 24 ~ )
X = 24 ~ V(7 f;vx)’)

Where: X is a positive indicator; f;

ixy

of the power supply unit at the i time.

3.2. Partition method

After obtaining the results of power supply grid division
and energy storage capacity allocation through the mesh-
oriented joint planning model of medium-voltage distribution
network, based on the power supply grid obtained and the

()

indicates the load value
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proposed planning index, combined with graph theory
knowledgel!*!!l, the power supply unit planning method is
proposed to meet the "N-1 safety criterion" and ensure the
security and stability of the power grid. The specific process
of power supply unit planning is shown in Figure 1.

Import power grid and
energy storage capacity
information

v

Establishing a Geographic
Border Connection Matrix 4

v

Calculate the load matrix F
of each power supply unit
after the power grid is
sequentially switched from
fault to power supply

v
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boundary information in
matrix A, set the load value
of non adjacent grids to zero
in matrix F

»le

A
Calculate the full load difference
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Prioritize planning power grids with
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and obtain preliminary division results
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preliminary division results as
independent grids

Zero the corresponding
positions in matrices 4
and F

Output power supply
unit division results

End

Count the number of independent grids
and find corresponding positions and
values in matrices 4 and F/

Figure 1. Power supply unit division flowchart

The specific steps are:
Step 1: Number the planned power supply grids and

establish a geographic connectivity matrix 4 ={axy}, wh
ereVx,y € K . Based on graph knowledge, when two po
wer supply grids are adjacent, a,, =1, x and y are the

numbers of the two adjacent power supply grids and
x #y, otherwise they are denoted as 0.

Step 2: Using the load data of each power supply gr
id after planning, calculate the load matrix F ={ fw}aft



er the power supply grid switches to other power suppl
y grids in case of successive faults, where x and y are
the same as above.

Step 3: Corresponding to the grid boundary informati
on in matrix 4. If there is no boundary, assign the corr
esponding load value in matrix F to O.

Step 4: Calculate the degree of load pressure on the
power grid after the power supply is converted. The lar
ger the X value, the lower the power grid pressure.

Step 5: Prioritize planning the power supply grid co
mbination with the highest X value as one power suppl
y unit, obtain the preliminary planning results of the po
wer supply unit, determine whether there are duplicate
power supply grids in each power supply unit. If there
are, it cannot form a power supply unit and is tempora
rily marked as an independent power supply grid.

Step 6: Verify the planning results and determine if t
here are any line crossings between the main power su
pply lines of each power supply unit. If it exists, assig
n the corresponding values in matrices 4 and F to 0, r
eturn to step three, and if it does not exist, obtain the
power supply unit planning result.

Step 7: Count the number of independent power supp
ly grids, search for corresponding values in matrices A
and F, return to step 3, rematch, and if there are no in
dependent power supply grids, end and output the plann
ing result.

4. Performance Evaluation System for
Distribution Networks

After obtaining the results of power supply unit divis
ion, this article proposes corresponding evaluation indica
tors from multiple aspects to represent the degree of pe
rformance improvement after distribution network planni
ng.

(1) Line connection rate (%): When a fault occurs in
a line, the load of the faulty line can be quickly and e
ffectively transferred through interconnected lines. The p
roportion of connected lines in the distribution network
to all lines is called the line connection rate, which is
specifically:

L

E, = —1x100% 2)

In the formula: L, represents the number of connected

lines; L is the total number of lines.

(2) N-1 pass rate (%): When an "N-1" fault occurs i
n the distribution network, in order to ensure the safe a
nd reliable power supply of the system, the fault load i
s transferred to other lines. The proportion of lines that
can achieve this transfer operation is the N-1 pass rate,
specifically:

S
E, = %XIOO% 3)

In the formula, S, represents the number of lines that

have passed the N-1 safety criterion.
(3) Average load rate of the line (%): The average v
alue of the load rate at each time point during a typica
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1 daily time period, which can reflect the load situation
of the line and determine whether the load is maximize
d to connect to each power grid considering the tempor
al characteristics, saving the distance between outgoing
lines and avoiding waste. Specifically, it is:

i M=
M:

E

11
3= Eg fjﬂh,lr x100% (4)

S

In the formula, f;,, represents the load rate at time

h of the jth power grid.

(4) Average load rate (%): This indicator is the ratio
of daily average load to maximum load value, which c
an reflect the utilization rate and redundancy degree of
equipment in the power supply area. Specifically, it is:

L 100%

e duen
=— 5
4 K/ /mih ()

In the formula: f; 4 is the average load of the jth po
wer grid; f .4 is the maximum load of the jth power
grid.

(5) Energy saving and emission reduction rate (%): T
he carbon dioxide emissions of typical daily power gen
eration before and after grid planning are calculated. Th
is indicator is the difference between the carbon dioxide
emissions before and after planning compared to the car
bon dioxide emissions before and after planning, reflecti
ng the energy saving and emission reduction situation a
fter planning. Specifically, it is:

— e
4" %100%

(6)

In the formula: e, represents the pre planning carbon d

ioxide emissions; e, is the planned carbon dioxide emiss

ions, and according to the statistics of China Electric P
ower Union, the carbon dioxide emissions per kilowatt
hour of thermal power are taken as 838 grams.

5. Example

5.1. Analysis of power supply unit division
results

Taking the 85 node system as an example, the voltag
e level is 10kV, and the parameters are shown in refere
nce[8]. The specific energy storage capacity information
for supporting purposes in each power supply grid is sh
own in Table 2.

The power supply area is divided into 10 power sup
ply grids, and a geographic adjacency matrix 4 is estab
lished to represent the adjacency of each power supply
grid.



Table 2. Energy storage support capacity of each power grid

grid 1 2 3
Energy storage/MW 1.894 1.630 1.904

Establish a load matrix F for transferring power to o
ther power grids in the event of a sequential failure in
the power supply grid. Due to space limitations, this art
icle selects matrices Fyand F,; from two of the time

points.
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After filtering through the adjacency matrix of the po
wer grid, matrix X,, is used to obtain a matching degr

ee map of the power supply units, as shown in Figure
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Figure 2. Matching degree diagram between power supply

grids
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Based on the established geographical adjacency matrix 4
and the results of the load matrix F after the power grid is
sequentially converted to other power grids in case of faults,
the full load difference coefficient index X is calculated to
evaluate the matching degree of each power grid, and then
differentiated power grid combination matching is carried out
to achieve the optimal score of the power supply unit. After
calculating the full load difference coefficient index X it is
converted into a percentage based matching degree matrix to
represent the matching degree of the power supply units
composed of each power grid. Specifically:
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From Figure 2, it can be seen that each power supply unit
has a corresponding best match. When dividing power supply
units, the combination with the highest X value should be
prioritized to be matched within the same power supply unit.
However, in the actual planning and construction process, due
to geographical location or environmental constraints, it may
have a certain impact on the final planning results. Therefore,
it is necessary to consider the combination of the top 2 to top
3 X values between power supply grids as candidate
combinations to ensure that the maximum potential for
regulation between power supply grids and loads can be
explored, and the goal of maximizing equipment utilization
within a single power supply unit can be achieved.

According to the power supply unit division method
proposed in this article, the optimization division of the
distribution network planning supply area was carried out,
and the results of the distribution network power supply unit
division are shown in Figure 3. In the figure, different grids
in the power supply unit are distinguished by black line
segments.
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Figure 3. Power supply unit division result diagram

After planning, the indicator data of each power supp
ly unit are shown in Table 3.

Table 3. Power supply unit division index parameters

Power supply unit Indicator value

1—4 0.2399
2—3 0.2418
5—6 0.2208
7—9 0.2073
8—10 0.2013

From Figure 3 and Table 3, it can be seen that the
planned area of the medium voltage distribution networ
k is divided into 10 power supply grids and 5 power s
upply units. Analysis shows that after considering the te
mporal characteristics of load and energy storage, the n
umber of power supply grids in the planned supply are
a is reduced, and the power supply units can meet the
N-1 safety criterion. The equipment utilization rate is al
so significantly improved, and the overall performance
of the distribution network system is improved.

5.2. Analysis of performance improvement in
distribution network

In order to further demonstrate the efficiency improve
ment of the power supply area optimization method pro
posed in this article on the medium voltage distribution
network, after dividing the power supply units in the pl
anning area, this paper proposes to quantitatively evalua
te the degree of load side efficiency improvement of th
e medium voltage distribution network from five aspect
s: line connection rate E,, N-1 pass rate E,, line average

load rate E,,

tion and emission reduction rate E,. The specific impro

average load rate E,, and energy conserva

vement effects are shown in Table 4.

Table 4. Comparison of indicators before and after planning

. Before After
index . .
planning planning
Line connection rate/% 76.92 100
N-1 pass rate/% 61.54 100
Average l.oad rate of the 33.06 37.09
line/%
Average load rate/% 81.18 96.38
Energy saving and emission 0 13.69

reduction rate/%

According to Table 4, the line connection rate and v
arious evaluation indicators after optimizing the supply
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areca have all been improved compared to before. The
N-1 pass rate has the most significant improvement effe
ct, reaching 62.50%, followed by the line connection ra
te and average load rate, with improvement rates of 30.
01% and 18.72% respectively, followed by the average
load rate of the line, with an improvement rate of 12.1
9%, and the energy conservation and emission reduction
rate has also increased from 0 to 13.69%. It can be se
en that the power supply area optimization method prop
osed in this article has improved the load transfer capa
city, safety, and economy of the medium voltage distrib
ution network to varying degrees, reduced the redundan
cy of the distribution network, improved equipment utili
zation and economy, and greatly improved the overall p
erformance of the distribution network.

6. Conclusion

This article takes an 85 node system as an example
and proposes a power supply unit division method. This
method can effectively solve the problem of effective lo
ad transfer when N-1 faults occur in the distribution net
work, and the following conclusions are drawn:

1) The definition of power supply units has been im
proved by utilizing the content and characteristics of gri
d based planning for medium voltage distribution netwo
rks, and the principles for dividing power supply units
have been constructed.

2) Consider the evaluation indicators for power grid
planning, energy storage capacity configuration, and po
wer supply unit division, and propose a method for div
iding power supply units.

3) Based on the evaluation indicators proposed in thi
s article, the results before and after the case planning
were compared, and the comparison results verified that
the proposed planning method can effectively improve t
he security and economy of the system.

4) The next step will be to consider more types of d
istributed power sources, and further study the division
of power supply units in distribution networks containin
g multiple types of distributed power sources based on
the model in this paper.
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