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Abstract: It is difficult to adapt the traditional section margin distribution method to the power system
with a high proportion of renewable energy generation (REG). This paper proposes a section margin
allocation method of REG clusters considering the randomness of source and load power. Firstly, the
probability density function of the predicted REG power error is estimated, the probability that REG
stations meet the output command after the section margin distribution is calculated, and the output
realization probability of each REG station is discussed. The typical operation mode set of the REG
cluster is then obtained by clustering the REG stations according to the operation history, and the
load rise space of the REG cluster under each typical operation mode is calculated. Considering the
randomness of REG power and its load power, the section margin is allocated to each REG station in
the REG cluster so as to ensure that each REG station reaches the highest output probability. On the
premise of ensuring the safe and stable operation of the grid, this method facilitates the management of
REG clusters and the accommodation capacity of the power system for REG. Simulations of the power
system of IEEE 39 nodes verify the rationality and validity of the section margin allocation method.

Keywords: new energy grid; section margin; source-load power randomness; clustering

1. Introduction

At the 26th United Nations Conference of Parties on Climate Change (COP26) in 2021,
China stated that it will further reduce carbon emissions. New energy sources will maintain
a continuous high rate of development, with a high proportion of new energy sources
having a profound impact on grid operation and dispatch [1-5].

In the renewable energy power transmission channel, there is a margin in the cross
section, when the transmission power of the cross section does not reach the upper limit of
the transmittable power of the section. When there is a margin on the section, renewable
energy generation (REG) stations with increasing output capability should be enabled to
increase the active power as much as possible to make full use of the margin on the sec-
tion [6-8]. Section margin is one of the key constraints to formulating dispatching strategies
in the power system dispatching process, and plays a role in determining the upper limit
of the overall transmission capacity in the process of power system dispatching [9-12].
On the premise of ensuring the safe and stable operation of the system, the reasonable
configuration of the section margin can strengthen the transmission capacity of the section
and improve the system’s ability to consume renewable energy.

REG clusters are one of the key components of the grid development [13]. A REG
cluster includes a collection of REG stations, as well as the network topology among the
stations and the loads connected on the network. The change in REG cluster topology,
caused by open-loop and closed-loop operations of renewable energy generation clusters,
as well as the change in load within the clusters, means that renewable energy generation
clusters exist in complex and variable operation modes. The change in the operation
mode will bring about changes in many parameters of the power generation cluster, which
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will have a great impact on the safe and economic operation of the transmission cross
section [14,15]. In conventional grids, due to the relatively small proportion of renewable
energy and the relatively fixed scale and direction of the power flow, the typical operation
mode of the system can be selected from the peaks, valleys and normal periods in the
historical data of the system [16]. The traditional method of section margin allocation
normally uses manual dispatching. The dispatching department selects the limit mode of
power generation cluster operation and calculates the upper limit of transmittable power for
each section based on the dynamic thermal stability and voltage stability calibration values
of each section [17]. The dispatcher assigns the section margin to each station according
to the upper limit of the transmissible power of the section, the power generation index
of the REG station and the operation of the power grid [18]. This method is only suitable
for situations where there are few cross section constraints, and the adjustment objects are
mainly traditional generator sets with stable and controllable power generation. However,
the output of renewable energy sources, such as wind or photovoltaic, is random, and is
significantly influenced by external meteorological conditions. It has large fluctuations in
output and is weakly adjustable, making the traditional method of section margin allocation
difficult to apply.

At present, there are some methods of section margin allocation for REG clusters. Ref-
erence [19] proposes a method of allocating section margins according to the proportion of
the installed capacity of REG stations in the cluster to the total installed capacity of the REG
cluster. This method is simple and fast to calculate, while ensuring the power generation
of large-capacity REG stations in the cluster, reflecting the principle of prioritizing large
stations. However, the above method is prone to different wind and light conditions due to
the different geographical locations and natural conditions of each station. This leads to
the problem that REG stations that are capable of generating more power are limited by
power generation indicators and curtail wind and photovoltaic energy, and REG stations
with insufficient wind and photovoltaic conditions cannot meet the established power
generation indicators. Reference [20] proposes a section margin allocation method with the
goal of minimizing the amount of wind and photovoltaic curtailment in clusters, reflecting
the power generation priority of each REG station to reduce power curtailment. Refer-
ence [21], based on the section margin allocation method and with the goal of minimizing
the amount of abandoned wind and photovoltaic in the cluster, proposes presenting the
power completion status and assessment score indicators of each REG station in the form of
weights, and then assigns the section margin by weighting each REG station, which reflects
the principle of fair scheduling within the cluster.

On the basis of establishing the active power prediction system for each REG station,
it is more and more important and common for ultra-short-term power prediction to be
used in various dispatching processes of the power system as important information of
new energy stations. References [22,23] propose that each REG station allocates the section
margin based on an equal ratio of ultra-short-term power prediction, and considers the
specific resource distribution of each REG station, which reflects the refined scheduling of
REG clusters.

All of the above methods have the primary objective of making full use of the section
margin and increasing the system’s capacity to consume renewable energy. However, when
the load within the REG cluster rises, and when the actual output of the REG station is
less than the output command after the margin allocation due to the forecast errors, it will
result in the REG station being unable to complete the output command issued by the
dispatch center. And the transmission power of the section cannot reach the upper limit of
the transmittable power of the section, resulting in the waste of resources and reducing the
overall transmission capacity of the section. At present, little research has been carried out
on the impact of different operating modes of REG clusters on the section margin allocation,
the probability of each REG station realizing the command in section margin allocation,
and the failure of REG stations to meet the output command after margin allocation due to
the forecast errors.
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In response to the above problems, this paper proposes a method for allocating
section margins that takes into account the randomness of REG stations” output and load
fluctuations under different operating modes on the REG cluster side. This method is based
on the probability density function of the prediction error of each REG station, combined
with the prediction of the active power output of the REG station, and the introduction
of the output realization probability of the REG station, considering the load rise within
the REG cluster under different typical operation modes. This method aims at ensuring
the highest probability of output after each new energy station is able to meet the margin
allocation and allocates the section margin to improve the grid’s ability to consume the
renewable energy.

The rest of the paper is organized as follows: Section 2 introduces the proposed section
margin allocation model. The calculation methods of the output realization probability
of REG stations and load rise space are presented in Sections 3 and 4, respectively. The
simulation results of the proposed section margin allocation method are given in Section 5,
and Section 6 concludes the paper.

2. Section Margin Allocation Model

Many of the existing section margin allocation methods do not take into account the
probability of the REG stations realizing the power delivery instructions given by the dispatch
center after the section margin allocation. If the REG stations cannot meet the output command,
the power delivered from the section will not reach the upper limit of transmittable power,
thus reducing the renewable energy accommodation capacity of the grid. A conceptual
diagram of the renewable energy delivery cross section is shown in Figure 1.
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Figure 1. Concept diagram of the renewable energy delivery cross section.

When the method in this paper is applied to REG clusters, the main role of the REG
cluster is to output power to the grid. Therefore, this paper only considers the case where
the cross section is in the power delivery state, and does not consider the case where the
REG cluster power is in the negative value for the time being.

In this regard, the purpose of the proposed section margin allocation method in this
paper is to achieve the full utilization of renewable energy by reasonably allocating the
section margin so that the power delivered at the renewable energy delivery section reaches
the upper limit of the power that can be delivered at the section as far as possible, provided
that the relevant constraints are met.

This paper introduces an output realization probability function for an REG station.
The output realization probability function is used to describe the probability that, at
a given moment, the active power output of an REG station can be no less than every
power value within the rated power. The output realization probability function reflects
the probability that the REG station can meet the dispatch instructions after the margin
allocation. The output realization probability function for an REG station i at time ¢ is
defined as:

Priy(Piy + PY) (1)
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where P;; is the active power emitted by REG station i at moment £. Pl{\f'l is the active power
output of the REG station i at moment t adjusted to the section margin requirement, taking
into account the generation cluster load rise space.

The objective function of the proposed section margin allocation method is set as the
probability that all REG stations in the REG cluster will be able to issue capacity orders after
margin allocation, i.e., the product of the probability of achieving capacity at all REG stations.

N
maxl—ll [Pri+(Piy + Pi],\f'l)]
1=

N
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where P35, is the upper limit of the transmission power of the REG section. P} is the load
power of the REG cluster at time f. N is the number of REG stations in the REG cluster
that can participate in cooperative control. Pf : * is the predicted active power output of the

REG station i at time ¢ for the next period. P} is the rated power of the REG station i; PiM

is the margin of the section at time . P]ﬁf is the load rise space of the REG cluster under
operation mode ;.

The allocation of section margins should take full account of the potential for load
uplift within the REG cluster and therefore take into account the potential for load uplift in
advance when allocating section margins. However, in order to avoid section transmission
power exceeding the limits when actually giving orders, it is necessary to multiply Pl.l_\f'l by
a factor.

Define the active output of the REG station i at moment f adjusted to the section

margin requirement as PI-Af ; then, PZ.I_\f is calculated as:

Py = P pw ©)
. SM 4 pLf *
PP+ Py
During the dispatch process, the dispatch center actually requires the active power
output P; ;.1 of the new energy station i at f + 1 of the next dispatch cycle to be:

Pi.t+1 =P+ Pil.\f 4

The proposed section margin allocation process in this paper is shown in Figure 2.

Step (1) Calculate the load rise space of the REG cluster under each typical operation
mode. Based on the historical topology and load data of the REG clusters, a cluster analysis
is performed on the operation mode of the generation clusters. A database of typical
operation modes for REG clusters is obtained and the load rise of the REG clusters is
calculated for each typical operation mode.

Step (2) Calculate the output realization probability. Based on the historical processing
forecast data of each REG station in the REG cluster, including the historical output forecast
value of the new energy station, forecast error and forecast influencing factors, the proba-
bility density of the predicted REG power error of each REG station is obtained. Combined
with the predicted output of each REG station, the output realization probability of each
REG station is established.
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Figure 2. Flow chart of section margin allocation for REG clusters considering the randomness of
source and load power.

Step (3) Allocate the section margins. With the objective of maximizing the probability
that each REG station in the cluster can meet the output requirements after the margin
allocation, the section margin allocation function is established and the final section margin
allocation scheme is obtained, taking into account the randomness of the source load.

3. Calculation of the Output Realization Probability of REG Stations

At present, various types of renewable energy power prediction systems can provide
the power prediction data of REG stations over different time scales, and the prediction
errors basically conform to normal distribution [22,23]. To ensure that each REG station
can meet the maximum probability of output requirements, the allocation of the section
margin should take into account the accuracy of each REG station’s own power forecast in
order to cope with the randomness and uncertainty of renewable energy output caused by
the reduction in the output, as well as the fact that the REG station cannot meet the output
requirements after the section margin allocation.

Due to the different output forecasting models used by each REG station, as well
as different natural conditions such as the geographical location and the meteorological
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characteristics of the construction, there are differences in the accuracy of the output
forecasts of each REG station in the REG cluster [24-27], which in turn leads to different
probability distributions of the output forecast errors of each REG station. The historical
output forecasts and the errors between the forecast and the actual values are collected
for each REG station, and the probability density function of the predicted REG power
error is obtained. The data required to establish the probability density function is the
historical forecast error of the power output of the REG station, without regard to the type
of renewable energy.

Define the prediction error of the power output of the REG station i at time ¢ as F;;.
The probability density function of the predicted REG power error of the REG station 7 at
moment £ is Py ;; (F;.t). From the historical forecasting information of the REG stations, the
forecast errors of the REG station output are basically normally distributed.

The probability density function of the predicted REG power error is:

—(Fi—nip)?

1 2[7% (5)

—e
V270,

where 0;; is the standard deviation of the probability of prediction error for the REG station
i at moment . y;; is the expectation of the prediction error of the REG station i at moment .
In general, y;; = 0.

Py ;4(Fit) function image is shown in Figure 3.

Pris(Fir) =

N2ro;,

¥ I
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The forecast error of the output of the
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of the power output of NEG station i at time ¢

Figure 3. Probability density function diagram of output prediction error of the REG station.

From Equation (4), the probability density function of the predicted REG power error
of the REG station 7 at moment ¢ is given by

Priy(Piy) = f;:lrtoo Py ¢(Fit)dF;

oo Fii—pir) (6)
= P, \/271“7” eXp(_( .fzo'?t.t) ))dplt
If P;; satisfies
P — prre
% = —0jy @)

it

The probability that the REG station i can achieve a power output of P;; at this point
is shown in Figure 2.

From Equations (5) and (6), it can be seen that the closer the predicted active power
output of a REG station is to its rated active power output, the more accurate the predicted
power is, and the greater the probability that the REG station can issue a more active power
output, the greater the probability that it can meet the power output command after the
margin allocation.
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Combining Equations (6) and (7), the output realization probability Pr;(P;;) can be
obtained, and the image of the output realization probability of the REG station i to achieve
power at moment ¢ is shown in Figure 4.
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Figure 4. The output realization probability of the REG station i at moment ¢.

According to the output realization probability of each REG station, the section margin
is reasonably allocated to each REG station, which can ensure that each REG station has the
highest probability of meeting the output power command and improve the reliability of
the section power transmission.

4. Calculation of the Load Rise Space

In the REG cluster, the factors that affect the power of the delivery section of the REG
cluster are the output of the REG stations and the load in the cluster [28].

When the transmission power of the delivery section of the REG cluster reaches the
upper limit and the output of each REG station remain unchanged, the load within the cluster
increases. This growth triggers a corresponding decrease in the transmission power of the
section, and the power cannot reach the upper limit. Before the margin distribution in the
next period, the dispatch center of the REG cluster should, according to the actual situation,
give timely instructions to increase the power output of the capable REG stations so that the
delivery section can be fully utilized and the consumption of new energy can be improved.

Considering the impact of load growth in the REG cluster on the power transmission
of the delivery section, a load rise space is introduced to describe the average range of
load growth in the REG cluster. The clustering analysis used to study the operation modes
of the REG cluster tries to ensure that the load rise space under each type of operation
mode is considered when allocating the section margin. This is to make sure that before
the dispatch center allocates the margin for the next period, in order to make full use of
the capacity of the delivery section, the probability of each new energy station meeting the
output requirements is still at its maximum when the dispatch center asks each REG station
to increase its output. This ensures that the transmission power of the delivery section
meets the upper limit as far as possible and improves renewable energy consumption.

4.1. Clustering Analysis of REG Cluster Operation

The different topologies and load requirements of the REG cluster constitute the
complex and variable operation modes of the clusters. According to the historical operation
information of the REG cluster, the cluster analysis was carried out on the operation mode
of the power generation cluster, and finally several typical operation modes were obtained
as the operation mode database of the target REG cluster [29-31].

The Denclue clustering method based on density distribution is designed for the
clustering analysis of the operation modes of the REG cluster. Considering that each
operation mode in the REG cluster has a certain influence on the operation modes close to
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it [32], the influence of each operation mode can be described by the influence function [33].
The topology and cluster load demand in the REG cluster operation mode are used as the
data points studied in the cluster analysis to obtain a two-dimensional array describing the
system operation mode.

When the Denclue algorithm is applied to the clustering analysis of the REG cluster
operation modes, the impact curve of each operation mode can be approximated as a
normal distribution curve [34]. When used for the clustering analysis of typical operation
modes of the REG clusters, the Denclue clustering analysis problem, which considers
the topology of the cluster and the cluster load demand during operation, belongs to
two-dimensional Denclue data. The influence function is:

K, _GTaDetad

8Gauss (xT’ xL) = \/Ee 22 (8)

where 0 is the bandwidth calculated using the Denclue clustering method, reflecting the
degree of precision in clustering the operating modes of the system. The smaller the value of
o, the more typical the operating modes clustered, and the more representative each typical
operating mode is of all operating modes in the region. x! is the topology information
of the REG cluster under the operation mode s. xL is the load of the REG cluster in the
operation mode s. K; is calculated as:
ts

Ks =+ ©)
where T is the sum of the running time of all operating modes. t; is the duration of the
operation mode s in time T.

Then, the local density function is:

S
Y Ks (T Ty (ol by
T .,L s=1 -
fGauss (x s X ) = ﬁe 20 (10)

where S is the total number of operating modes present within the REG cluster during the
clustering process.

¢ is set as the identification criterion for the classification of the typical operation mode
of the system, and when fGauss(¥) = ¢, the clustered segment is the typical operation mode
of the REG cluster. All of the obtained typical operation modes are used as the operation
mode library.

When allocating the margin section, the topology and load demand data from the actual
operation of the REG fleet are matched with the operation mode database. The matched
typical operation mode is selected as the basis for calculation and is involved in the subsequent
section margin allocation calculation, thus improving the overall calculation speed.

4.2. Calculation of the Load Rise Space

By considering the space for load rise due to load fluctuations in the allocation of
section margins, it is possible to avoid a decrease in the section’s transmission power due
to untimely dispatching when the section increases in load.

The typical operation mode of the REG clusters obtained from the cluster anal-
ysis is selected, and the load rise space for each typical operation mode of the REG

clusters, P]Ltf ,1is found.

K
Z (Pt.]'_k - Pt.j‘uve)

Lf k=1 .

where j is the typical operation mode of each cluster obtained after clustering and analyzing
the operation mode of the REG cluster, and ] is the total number of typical operation modes.
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P

t.j.ave

of the load in the system greater than P,

is the load average value of the system under the operation mode j. P, ik is the value
Jave under the operation mode j. K is the total
number of occurrences of P, ik

From Equation (11), it can be seen that the larger the value of the load rise space Pﬁtf
within the REG cluster, the greater the number and magnitude of loads above the load
mean in the operation mode j, resulting in a greater likelihood that the delivery section of
the REG cluster will not be able to reach the upper limit of the section’s deliverable power.

In the process of section margin allocation, the current operation mode is matched
with the operation mode database to determine what typical operation mode the current
operation mode belongs to. Based on the load rise space of each typical operation mode of
the REG cluster calculated by Equation (11), the load rise space under the current operation
mode is obtained.

In the event that the REG cluster experiences an increase in load, resulting in an
underutilized section, and the dispatch center has not carried out a new round of section
margin allocation, the dispatch center should quickly issue dispatch instructions to each
REG station within the cluster so that the power delivered by the REG cluster to the grid
still maintains the section power transmission limit.

5. Numerical Computational Analysis

This paper constructs a 220 kV grid system with a renewable energy generation cluster
shown in Figure 4 based on the IEEE39 node system. The regional grid consists of five
conventional power plants and four REG stations (PV1, PV2, W1 and W2).

According to the 2020 data of PV plants and wind farms in a certain area, PV1is a
photovoltaic power plant with an installed capacity of 30 MW; PV2 is a photovoltaic power
plant with an installed capacity of 90 MW; W1 is a wind power plant with an installed
capacity of 90 MW; W2 is a wind power plant with an installed capacity of 120 MW.
Detailed data is in Appendix A. The installed capacity of each REG station within the
power generation cluster is shown in Table 1.

Table 1. Installed capacity of each new energy station.

REG Station Installed Capacity/ MW
PVl 30
Pv2 90
W1 90
W2 120

The REG cluster can transmit power to the grid through the section, and the new
energy transmission section is shown in Figure 5. The upper limit of the power transmission
from the section is set at 270 MW.

In larger grids, the fluctuations in load at the nodes are relatively small. After clustering
and analyzing the historical operating data of the REG cluster, a subsequent analysis was

carried out for a typical operating mode in which the upside of the REG cluster load P]ﬁf
was 4 MW.

Assuming that the actual power delivered by the section is 249 MW at a certain time,
the actual operating capacity of each REG station and the expected output of the next
period are shown in Table 2.
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Figure 5. A 220 kV power grid system with a new REG cluster.

Table 2. Actual power output of each REG station/MW.

REG Station Actual Power Output Expected Output of Next Period
PVl 24 30
pPv2 81 87
W1 72 80
w2 90 109

According to the prediction error model of each REG station (detailed data is in
Appendix A), the probability density function of the predicted REG power error was
obtained, as shown in Figure 6.

B REG station PV1

REG station PV2
B REG station W1
0.08 | REG station W2

e

Probability density
e
(=]
I@

20

10
PV2 —-10 0

REG station -20 )
PVl The predicted REG

power error

Figure 6. Probability density function of the predicted REG power error.

According to the predicted output of each REG station and its probability density
function, the output realization probability of each REG station can be obtained, as shown
in Figure 7.
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Figure 7. Probability that each REG station can achieve the expected output.

At this point, the section margin P?M is 21 MW. According to the section margin
allocation function, the objective is to maximize the probability that all REG stations in the
REG cluster can meet the output command after the margin allocation.

The active output of each REG station adjusted to the section margin requirements is
calculated and the results are shown in Table 3.

Table 3. The output of each REG station in the current and next period/MW.
REG Station

Actual Operating Capacity

Adjusted Active Output Next Period Output
PVl 24 +0.58 24.58
PV2 81 —5.59 75.41
W1 72 +7.85 79.85
W2 90 +18.16 108.16

At this point, the probability that the new output instructions for each REG station

will be met after the section margin allocation is at its highest, allowing the section margin
to be fully utilized.

We present a comparison of the method used in this paper with other section margin
allocation methods.

The average allocation method is method 1.

The proportional allocation method according to the installed capacity of REG stations
is method 2 [19].

The allocation method based on the principle of minimum wind and light resources
abandonment is method 3 [20].

Each allocation method and the probability of all REG stations being able to complete
their output orders when using each allocation method is shown in Table 4.

Table 4. Comparison of margin allocation methods.

Output Output Output Output (())lrlcfl}()erst
Method Power Power Power Power Completi
of PVIIMW  of PV2IMW  of WI/MW  of W2/MW peung
Probability
Method 1 29.25 86.25 77.25 95.25 12.8%
Method 2 25.91 86.73 77.73 97.64 19.2%
Method 3 27.41 83.27 76.54 100.78 16.5%
This paper 24.58 75.41 79.85 108.16 27.6%

A comparison of the data in Table 4 shows that the section margin allocation method
proposed in this paper, which considers the randomness of source and load power, has
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significant advantages in terms of completion probability compared to other section margin
allocation methods.

We analyzed the situation where, after the allocation of section margins, the actual
power transmitted by the section of the cluster due to increased load within the REG cluster
is lower than the upper limit of the power that can be transmitted by the section, resulting
in the section being underutilized. Under the current operation mode, the REG cluster
load increase space is 4 MW, thus setting up two scenarios where the actual transmission
power of the outgoing section decreases from 270 MW to 267 MW (scenario 1) and 262 MW
(scenario 2) due to the increase in cluster load. We calculated the probability that the section
margin allocation method proposed in this paper and other section margin allocation
methods will be able to complete the output command at each REG station.

Before the dispatch center carries out the next section margin allocation, in order
to solve the problem of the underutilization of the section due to the rising load of the
renewable energy generation cluster, the dispatch center should, based on the difference
between the actual power delivered by the section and the upper limit of the power that can
be delivered by the section, give instructions to each REG station in the cluster to increase
the output as soon as possible, so as to make full use of the delivery section of the REG
cluster. The REG stations are dispatched according to the principle of the equal ratio of the
installed capacity, which is easy to calculate, so that the REG clusters can make full use of
the outward transmission section.

The probability of each margin allocation method being able to complete new dispatch
instructions from the dispatch center for each REG station in response to the underutiliza-
tion of the section due to cluster load growth is shown in Table 5.

Table 5. Comparison of margin allocation methods in response to new dispatch instructions.

Output Output Output Output Output Orders

Scenario Method Power Power Power Power Completing

of PVI/MW  of PV2IMW  of W1I/MW of W2/MW Probability
Method 1 29.25 86.25 77.25 95.25 12.8%
. Method 2 2591 86.73 77.73 97.64 19.2%
Scenario 1 \rothod 3 27.41 83.27 76.54 100.78 16.5%
This paper 24.58 75.41 79.85 108.16 27.6%
Method 1 30.00 87.00 80.00 100.00 8.13%
. Method 2 28.62 87.00 80.00 100.38 9.67%
Scenario 2 \rathod 3 29.41 85.27 78.54 102.78 14.2%
This paper 26.87 77.70 80.00 110.43 21.81%

As can be seen from the data in Table 5, the proposed section margin allocation
method in this paper still maintains a high probability in terms of the ability of each new
energy site to respond to dispatch instructions compared to other methods when the actual
transmission power value of the section is reduced due to the rising load of the renewable
energy generation cluster and the capacity of the section is not fully utilized.

6. Conclusions

This paper proposes a section margin allocation method for new energy power gener-
ation clusters considering the randomness of source and load power. The conclusions of
the study are as follows:

1. The more accurate the prediction of the active power output of the new energy station
during the margin allocation, the higher the probability that the new energy station
can meet the power output command after the margin allocation. After the section
margin allocation, the probability of the REG cluster failing to reach the section’s
deliverable power limit due to increased load is positively correlated with the REG
cluster load upside.

2. In this paper, the utilized method takes into account the randomness of the REG
station output when assigning the section margin, based on the probability density
of the output prediction error of each REG station in the REG cluster and the output
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prediction value of the REG station. The output realization probability of each REG
station is introduced as a key indicator for the section margin allocation, reflecting the
accuracy of the REG station output forecast and the influence of the specific resource
distribution on the margin allocation. It achieves an increased degree of refinement in
the scheduling of REG clusters.

3. The method in this paper considers the impact of an increase in the REG cluster load
on the section margin allocation under different operation modes of the REG cluster
in the process of section margin allocation. This method improves the problem that
the section transmission power cannot reach the upper limit and the section cannot be
fully utilized due to the increase in load within the REG cluster.

4. The method used in this paper considers the load growth within a REG cluster, and
aims at the highest probability of each REG station within the cluster meeting the
section margin allocation result.

The power grid company should conduct in-depth research and practical application
of the section margin allocation strategy for the output section of the REG cluster in order
to adapt to the increasing penetration of renewable energy. The complexity of the power
system imposes many requirements and constraints on the construction of the theoretical
model for the section margin allocation method. The power system properties, including
the generating unit ramping rate, and the impact of the large-scale connection of energy
storage stations to the grid, still need to be further investigated.
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