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ABSTRACT Renewable energy such as wind power, hydro-power and photovoltaic are connected to the
power system as distributed power sources will increase the instability of power system operation. To ensure
the stable operation of the power system after renewable energy and load access, it is necessary to properly
partition the power grid. A grid partition method considering renewable energy access and load fluctuation is
proposed. First, cluster analysis was carried out on the operation scenarios of renewable energy and load by
using the improved K-means algorithm, and several operation scenarios of power system were obtained. The
three operation scenarios with the highest probability were selected as the three normal operation states of
power system. Then, the power system is partitioned, and the comprehensive flexibility evaluation indexes
are proposed from the perspectives of regional supply and demand balance and inter-regional transmission
capacity. The flexibility evaluation indexes from these two perspectives are calculated under three operating
states, and the two flexibility evaluation indexes are weighted to evaluate the comprehensive flexibility of the
power system after the partition. The comprehensive flexibility index of the power system is different under
different partition strategies. The partition strategy with the best evaluation of the comprehensive flexibility
index is chosen as the final partition strategy. Finally, according to the historical data of renewable energy
and load in a certain region, the IEEE 39-bus system with renewable energy access and load fluctuation
is partitioned under different partitioning strategies, and the comprehensive flexibility of the partitioned
power system is evaluated, and the final partitioning strategy is determined according to the comprehensive
flexibility index of the power system.

INDEX TERMS Adaptive partition, renewable energy, power system, flexibility evaluation index.

I. INTRODUCTION
In recent years, China’s renewable new energy has been
developing rapidly. Installed capacity of hydro-power units
has been increasing every year, and both wind power and
photovoltaic units rank first in theworld. But at the same time,
with the access of wind power, hydro-power, photovoltaic and
other renewable new energy, because of their intermittence
and load fluctuation, bring great instability to the operation
of the power system [1], [2]. Renewable energy generation
will be the distributed power source in the future power grid
and will be widely used in the future. Therefore, the influence
of these distributed power sources on the stable operation of
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the power system should be fully considered [3], [4], [5].
Network reconfiguration is performed by reconfiguring the
power network. System reconfiguration means restructuring
the power lines which connect various buses in a power sys-
tem. Restructuring of specific lines leads to alternate system
configurations. It’s difference with grid partitioning, it does
not need to divide the power system into multiple zones.
System reconfiguration can be accomplished by placing line
interconnection switches into network [6]. Both network
reconfiguration and grid partitioning can solve the problem
of supply and demand balance caused by distributed power
resources and load. This paper completes the redistribution of
distributed power resources and load through grid partition-
ing. At present, the wind abandoning and light abandoning
rates are relatively high in some parts of China’s power
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system, and the flexibility of some parts for high proportion
of renewable energy access is far from enough. This has a
great impact on the balance of supply and demand within the
power system partition and the power transmission between
the partitions, resulting in the normal operation of the power
system [7], [8], [9]. Therefore, the flexibility of the power
system should be fully considered in the planning zoning of
the power grid, and the results of the planning zoning should
ensure that the flexibility index requirements are met, so that
the uncertainty of renewable energy and load fluctuation in
each region can be effectively matched, to ensure the stable
operation of the power system after the zoning.

To consider flexibility indicators in the zoning planning
stage, it is necessary to accurately evaluate the overall and
regional flexibility of the power system after zoning. But
at present the definition of power system flexibility index
has not been determined. The International Energy Agency
defines the power system flexibility as the response speed
and anti-interference ability of the power system in the face
of predicted fluctuations and disturbances outside the fore-
cast [10]. According to the North American Power Reliability
Association, system flexibility is the ability to respond to
uncertainties in the system by mobilizing resources at your
disposal. The [11] evaluates power system flexibility from a
net load demand perspective. The [8] evaluated the flexibility
of the power system by using power climbing rate as an
indicator. The [12] took the period of insufficient flexibil-
ity resources and the expectation of insufficient climbing
resources as the evaluation indexes of flexibility.

The above studies mainly evaluate the power system from
the perspective of flexible supply and demand. However,
in the evaluation, the good flexibility of the power system
is not only reflected in meeting the balance of supply and
demand within the region, but also needs to meet the require-
ments of inter-regional power transmission. For example,
there is a large flexible supply and demand in a certain region,
but the electric energy transmission between this region and
other regions may not meet the requirements of electric
energy transmission [13], [14], [15], [16]. As a result, the
line load rate of the entire power system is too high, and
the transmission channel cannot carry the transmitted electric
energy, making the power system unable to operate safely
and stably [17]. Therefore, when analyzing the flexibility
of the power system, it is necessary to consider both the
supply and demand within the region and the flexibility of the
transmission channel between regions [18], [19]. Only when
both meet the requirements can the safe and stable operation
of the power system be guaranteed.

In this paper, a grid partitioning method based on intra-
regional supply and demand balance flexibility and inter-
regional transmission flexibility is proposed. In section II,
cluster analysis was carried out on the operation scenar-
ios of renewable energy and load by using the improved
K-means algorithm, and several operation scenarios of power
system were obtained. The three operation scenarios with
the highest probability were selected as the three normal

operation states of power system. In section III, the flex-
ibility index of supply and demand balance and the flex-
ibility index of inter-regional transmission are proposed,
and the comprehensive flexibility evaluation indexes are
proposed from the two perspectives. The comprehensive
flexibility index of the power system is different under
different partition strategies. The partition strategy with
the best evaluation of the comprehensive flexibility index
is chosen as the final partition strategy. In section IV,
according to the historical data of renewable energy and load
in a certain region, the IEEE 39-bus system with renewable
energy access and load fluctuation is partitioned under differ-
ent partitioning strategies, and the comprehensive flexibility
of the partitioned power system is evaluated, and the final
partitioning strategy is determined according to the compre-
hensive flexibility index of the power system.

II. OPERATING SCENARIO GENERATION
A. IMPROVE K-MEANS CLUSTERING ALGORITHM
K-means clustering algorithm is widely used because of its
simplicity and high efficiency. The k-means algorithm is a
classic clustering algorithm. Generally, Euclidean distance is
used as an evaluation index of the similarity of two samples.
The basic idea is as follows: the data are divided into K groups
in advance, then K objects are randomly selected as the initial
cluster center. Then the distance between each object and
each cluster center is calculated and each object is assigned
to the cluster center closest to it. The cluster centers and the
objects assigned to them represent a cluster. For each sample
assigned, the clustering center of the cluster is recalculated
based on the existing objects in the cluster. This process is
repeated until a certain termination condition is met. The
termination condition may be that no objects are reassigned
to different clusters, no cluster centers change again and the
squared error and local minimum. The flowchart of k-means
algorithm is shown in Figure 1. The pseudo code of k-means
algorithm is shown in Figure 2.

FIGURE 1. Flowchart of k-means algorithm.

However, the general K-means clustering algorithm needs
to determine the number of clustering centers first, and the
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FIGURE 2. Pseudo code of k-means algorithm.

specific number is unknown in most cases. However, if the
number of clustering centers is not set properly, the final
clustering result will have a large error [20], [21], [22]. There-
fore, Canopy algorithm was used to improve the K-means
clustering algorithm, and the improved K-means clustering
algorithmwas used to perform cluster analysis on the existing
renewable energy and load data. Before clustering, Canopy
algorithm was used for a rough clustering of existing data
to determine the number of clustering centers. Canopy algo-
rithm does not need to set the number of clusters in advance
like the general K-means algorithm and can perform rough
clustering of data in the data pre-processing stage. Then,
according to the results of rough clustering, k-means algo-
rithm is used to cluster the data, to optimize the cluster-
ing results. The specific steps of Canopy algorithm are as
follows [23], [24]:
Step 1: Input the set L composed of original data, set the

distance threshold S1 and S2, and S1 > S2.
Step 2: Randomly select data point P from L, set point P

as Canopy of the first data center, and delete it from L.
Step 3: Take a point N from L and calculate the distance

between point N and the existing point P. If the distance
between point N and point P is less than S2, add point N to
point P and set it as setC . Then delete pointN from L, so that

the distance between point N and P is close enough. If the
distance from point N to point P is greater than S1, point N is
treated as a new point P and removed from L. If the distance
from pointN to pointP is between S1 and S2, pointN is added
to set C , but not removed from L, and continues to participate
in subsequent calculations.
Step 4: Repeat step 3 for other points of L until there is no

data in L.
The flowchart of Canopy algorithm is as Figure 3.

FIGURE 3. Flowchart of the canopy algorithm.

The result of the number of rough clustering obtained by
Canopy algorithm was taken as the number of clustering
centers of k-means clustering, and the final clustering result
was obtained.

B. SCENARIO OF POWER SYSTEM OPERATION
In the electric power system, with the access of large amounts
of renewable energy and load, the uncertainty of renewable
energy and the fluctuation of load will increase the instability
of the operation of the power system, resulting in the irregular
output data and load data of new energy sources in a year.
Therefore, it is necessary to cluster the output data and load
data of renewable energy power sources in a year to obtain
the various operation scenarios. However, if the improved
clustering analysis is carried out for each unit and load data,
the number of each cluster may be different, increasing the
complexity and computation of subsequent analysis. There-
fore, it is necessary to define the operation scenario of power
supply and load, that is, the operation scenario that takes all
the renewable energy and load in the system as a whole. Each
operation scenario includes output and load fluctuations for
each renewable power source. In the clustering process, the
optimal number of clustering centers was obtained by using
Canopy algorithm for each renewable energy source and load.
Then, k-means clustering is performed to obtain the operation
scenarios of renewable energy power supply and load. The
specific process is as follows:

First, the historical curves of n new energy power sources
were analyzed by Canopy rough clustering, and the number
of rough clustering centers ci (1 ≤ i ≤ n) of output of each
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power source was obtained. Take ci, which appears most in all
the coarse clustering numbers, and take this clustering center
number as the optimal clustering number (c) of the operation
scenario of power supply. Then, c is taken as the number of
clustering centers of the next K-means clustering algorithm
to conduct a unified clustering analysis on the power supply
operation scenarios and obtain the power supply operation
scenarios. At the same time, the occurrence probability of
each scenario can be obtained according to the historical data
contained in each scenario. The clustering process of load
data is the same as the clustering process of power supply,
which is not described here. After the clustering results of
power supply (assuming c1 scenarios) and load (assuming c2
scenarios) are obtained, the various scenarios of power supply
and load are combined in pairs to obtain c1 × c2 operating
scenarios of the system and the occurrence probability Pa ×
Pb (1 ≤ a ≤ c1, 1 ≤ b ≤ c2) of each operating scenario.

III. POWER SYSTEM FLEXIBILITY ASSESSMENT
A certain power system is partitioned, and flexibility assess-
ment is carried out within and between regions of the power
system respectively. The assessment indicators are shown
in Figure 4.

FIGURE 4. Diagram of flexibility evaluation index.

The flexibility evaluation index in the region includes the
poor flexibility index on supply and demand in the region.
The inter-regional flexibility assessment index includes
the poor flexibility index of inter-regional transmission
capacity [25].

A. REGIONAL SUPPLY AND DEMAND
The flexibility index of supply and demand is an index to
determine whether flexibility of supply in the zone can meet
the flexibility of demand in the zone.

The Figure 5 shows the flexibility resources diagram of the
zone. In the zone, flexibility resources are divided into two
parts, flexibility demand and flexibility supply. Flexibility

FIGURE 5. The flexibility resources diagram of the zone.

demand is generated from uncontrollable parts, such as wind
power, hydro power, photovoltaic power, exchange power and
load power. Flexibility supply is generated from controllable
parts such as thermal power and energy storage power.

In the partition, the power demand and supply generated
by uncontrollable units and loads at time t are as follows:

Pun_de (t) = Pl (t)+1P (t) (1)

Pun_ sup (t) = Pw (t)+ Pp (t)+ Ph (t) (2)

where Pl (t), Pw (t), Pp (t) and Ph (t) are the load output
power, wind power output power, photovoltaic output power
and hydro-power output power of each zone respectively;
1P (t) is the power exchanged between the partition and the
outside world. When 1P (t) > 0, it is considered that
the partition transmits power to the outside and increases the
power demand; When 1P (t) < 0, the partition receives
power from the outside and reduces the power demand.

The upper and lower limits of the power demand change of
the uncontrollable part are:

Pun_de_max (t) = (1+ µ)Pun_de (t)

− (1− µ)Pun_ sup (t) (3)

Pun_de_min (t) = (1− µ)Pun_de (t)

− (1+ µ)Pun_ sup (t) (4)

where µ is the power fluctuation coefficient. The largerµ is,
the greater the power fluctuation is.

According to the variation range of power demand above,
the calculation method of regional flexibility demand is as
follows, as shown in Figure 2.

When Pun_de_min (t) > Pun_de (t − 1), only up flexibility
requirements:

Pde_up (t) = Pun_de_max (t)− Pun_de (t − 1) (5)

When Pun_de_max (t) > Pun_de (t − 1) > Pun_de_min (t),
there are both upward flexibility requirements and downward
flexibility requirements:{

Pde_up (t) = Pun_de_max (t)− Pun_de (t − 1)
Pde_down (t) = Pun_de (t − 1)− Pun_de_min (t)

(6)

When Pun_de (t − 1) > Pun_de_max (t), only down flexibil-
ity requirements:

Pde_down (t) = Pun_de (t − 1)− Pun_de_min (t) (7)

Regional upward and downward flexibility supply is pro-
vided by thermal power units and energy storage devices, and
the calculation process is as follows:

Psup _up (t) = Pcon_max − Pcon (t) (8)

Psup _down (t) = Pcon (t)− Pcon_min (9)

where Pcon (t) is the output value of the controllable unit;
Pcon_max andPcon_min are themaximum andminimumoutput
values of all controllable units respectively.
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FIGURE 6. Diagram of upward and downward flexibility demand.

Based on the above mentioned upward and downward
flexibility demand and supply, the index of upward and down-
ward flexibility can be obtained [25]:

Kup (t) =
Pde_up (t)
Psup _up (t)

(10)

Kdown (t) =
Pde_down (t)
Psup _down (t)

(11)

Up and down poor flexibility index indicates the ability of
flexible resources to meet up and down flexibility require-
ments. When Kup (t) < 1,Psup _up (t) > Pde_up (t), Flexible
resources meet the needs of power grid, there is a certain
margin. When Kup (t) > 1, Psup _up (t) < Pde_up (t), Flexible
resources may not be able to meet the needs of the power
grid, so measures such as increasing the installed capacity
of controllable units, energy storage, renewable energy or
cutting off load should be taken to ensure the balance between
supply and demand of flexible resources in the region. In the
same way, when Kdown (t) > 1, Flexible resources cannot
meet the needs of power grid, so measures such as reducing
renewable energy and increasing load should be taken to
ensure the balance between supply and demand of flexible
resources in the region.

B. INTER-REGIONAL TRANSMISSION CAPACITY
Since some areas have more renewable energy and less load,
the power demand in these areas cannot fully absorb the
electricity generated by renewable energy, and a large amount
of electricity needs to be transferred to other areas. Therefore,
the flexibility index of transmission capacity is defined to
judge whether the transmission capacity of the inter-regional
transmission channel meets the transmission power.

According to the power transmission direction relationship
between regions, the two ends of the transmission channel
between regions are divided into the transmitting end and
the receiving end. Assume that there are n transmission lines
between the transmitting end and the receiving end, define the
active power of each line as Pi (i = 1, 2, . . . , n), the transmis-
sion channel constituted by it is shown in Figure 7.

For the transmitting end, its transmitting power at time t is:

Psup (t) = Pw (t)+ Pp (t)+ Ph (t)

+Pcon (t)− Pl (t)−1P (t) (12)

FIGURE 7. Diagram of a transmission channel.

Regardless of the line transmission loss between regions,
the transmitted power at the sending end is the transmitted
power of the transmission channel between regions:

Psup (t) = Ptra (t)

= P1 (t)+ P2 (t)+ . . .+ Pn (t) (13)

Power distribution coefficients of line 1 ∼ n in the trans-
mission channel are defined as ρ1, ρ2, . . . , ρn, so there are:

Ptra (t) = P1 (t)+ P2 (t)+ . . .+ Pn (t)

= ρ1Ptra (t)+ ρ2Ptra (t)+ . . .+

ρnPtra (t) =
n∑
i=1

ρiPtra (t) (14)

where ρi is the power distribution coefficient of transmission

line i, and
n∑
i=1
ρi = 1. For different system operation scenar-

ios, the power distribution coefficients of transmission lines
are different, but for the same system operation scenarios, it’s
believed that the power distribution coefficients of transmis-
sion lines are the same. ρi is defined as follows:

ρi =
P̄i
n∑
i=1

P̄i

(15)

where P̄i is the average power of transmission line i. P̄i is
defined as follows:

P̄i =
1
T

T∑
t=1

Pi (t) (16)

In the transmission process, if one transmission line in the
transmission channel reaches the transmission power upper
limit, that is:

ρiPtra (t) = Pmax (17)

Thus, it’s thought that the total transmitted power between
the sender and the receiver has reached its limit. Calculate the
total transmitted power of each line when it reaches the power
upper limit, and take the minimum value as the transmission
power upper limit of the inter-regional transmission channel:

Psum_max = min
1<i<n

Pmax

ρi
(18)
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The maximum power sent by the sending end is defined as:

Ps_max = max
(
t
∣∣Pw (t)+ Pp (t)+ Ph (t))

+ min (t |Pcon (t) )−min (t |Pl (t) )

− min (1Pr (t)) (19)

where 1Pr (t) is the power exchanged between the sender
and other regions (not the receiver).

The poor flexibility index of inter-regional transmission
capacity is [25]:

Kcap =
Ps_max

Psum_max
(20)

If Kcap > 1, this indicates that the inter-regional transmis-
sion capacity is not flexible enough. When the output power
of the transmitter power reaches its maximum, the trans-
mission capacity of the transmission channel cannot meet
the transmission demand. In this case, new inter-regional
transmission lines are required. If Kcap = 1, it means that the
transmission capacity of the transmission channel just meets
the transmission demand of the maximum output power of
the transmitting end. If Kcap < 1, it shows that the transmis-
sion capacity of the transmission channel is flexible and the
process of electric energy transmission will not be hindered.

C. COMPREHENSIVE EVALUATION INDEX
The regional supply-demand downward flexibility index and
inter-regional transmission capacity flexibility index men-
tioned above only evaluate the local flexibility of the power
system after zoning, but also need to evaluate the overall
flexibility of the power system after zoning. The following
composite poor flexibility index is:

Kcom = w1K̄up (t)+ w2K̄down (t)+ w3K̄cap (21)

where K̄up (t) , K̄down (t) , K̄cap is the average value of up,
down and inter-regional transmission capacity poor flexibility
index. w1,w2,w3 is the weighting coefficient.
The comprehensive poor flexibility index reflects the sta-

bility ability of the whole power system after partitioning.
The smaller the comprehensive poor flexibility index is, the
better the overall flexibility of the power system is, that is, the
better the partitioning effect of the power system is. The effect
of power grid partitioning is evaluated by the comprehensive
flexibility index. The partition result corresponding to the
lowest comprehensive poor flexibility index is selected as the
partition scheme.

IV. CASE STUDY
According to the output data and load data of wind power,
photovoltaic power and hydro-power in a certain region, the
improved IEEE39-node system is evaluated and tested for
zoning and flexibility, and the overall flexibility of the system
under different zoning strategies is analyzed and evaluated,
to select the zoning strategy with the best overall flexibility
of the system.

Take three partitions as an example, the IEEE39-bus test
system is divided into three zones. As shown in Figure 8.

FIGURE 8. Diagram of zones.

Unit G is the power supply. The configuration of renewable
energy power supply is shown in Table 1. The thermal power
unit (controllable power supply) is connected to nodes 32, 34,
36, 37, and 39. The total capacity of the unit is 5000MW, and
the total capacity of the renewable energy unit is 700 MW.
Access fluctuating loads at nodes 2, 6, 11, 14, 17, 19, 22,
36, 38. Except for nodes connected to renewable energy units
and fluctuating loads, the power supply and loads of other
nodes are fixed. The transmission channel capacity between
each subdivision is 1000 MVA. Set the power fluctuation
coefficient as 0.15. Then the system is divided into four, five
and six partitions to find the best partitioning strategy for the
overall flexibility of the system.

TABLE 1. Renewable source configuration of system.

A. TYPICAL SCENEARIO
The annual historical data of renewable energy and fluctu-
ating load were used as the basic data for clustering and
scene division, and the 24-hour data of typical scenarios were
obtained.

First, Canopy algorithm was used to perform rough clus-
tering for the annual historical data of each renewable energy
source and fluctuating load to obtain the optimal cluster-
ing number. According to the results of coarse clustering,
k-means clustering was conducted for renewable energy
power supply and fluctuating load, and the number of clus-
tering centers was set as 3 to obtain three typical power
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supply and load operation scenarios and their occurrence
probability. According to the output size of renewable energy
power supply, it can be divided into three scenarios: source
peak, source flat and source valley. Load operation scenarios
can be divided into three types: load peak, load flat and load
valley. By combining them in pairs, nine typical system sce-
narios and their occurrence probability are obtained, as shown
in Table 2.

TABLE 2. Probabilities of typical scenarios.

B. SUPPLY-DEMAND FLEXIBILITY
According to the power supply and load output data of
each scenario, the calculation results of power flow at each
moment in this scenario are obtained. Then, according to
the calculation results of power flow and the output value of
power supply and load in each scene, the flexibility index
curve of each scene is obtained by using the calculation
formula of the flexibility index of supply and demand in each
region.

Taking zone 3 as an example, the supply-demand and
down-regulation poor flexibility index curves of three system
scenarios (scenario 2, 5 and 8) with the highest probability of
occurrence were selected to analyze the impact of renewable
energy power output on supply-demand flexibility index.
As shown in Figure 9.

As can be seen from Figure 9, in scenario 2, the output of
the renewable energy power supply in zone 3 is in the peak
state and the load is flat, and the output of the renewable
energy power supply can fully meet the demand of the load.
Therefore, the poor flexibility index of the up-adjustment
in scenario 2 is zero and only needs to be down-regulated.
In scenario 5 and 8, as the output of renewable energy power
gradually decreases to peak level and peak valley, it will be
unable to meet the demand of load fluctuation. At this time,
it is necessary to adjust the output of controllable units to
meet the demand of load, so the poor flexibility index of
scenario 5 and 8 increases gradually. The poor flexibility
index of escalation in scenario 5 and 8 is less than 1, indi-
cating that the controllable unit output in zone 3 can meet the
flexibility requirement of the zone.

However, in scenario 2, the poor flexibility index of
zone 3 is greater than 1 at some moments, indicating that
adjustment of controllable unit output at these moments
cannot meet the requirement of flexibility reduction, so the

FIGURE 9. System scenario zone 3 supply and demand flexibility
indicator.

demand for flexibility reduction can only be met by abandon-
ing renewable energy. In scenario 5 and 8, as the load demand
remains unchanged, the renewable energy output gradually
decreases and the controllable unit output is not excessively
adjusted tomeet the load demand, so the poor flexibility index
of zone 3 decreases gradually.

Zone 3 was taken as an example to illustrate the influence
of renewable energy unit output on the supply and demand
flexibility index above, and zone 1 was taken as an example
to illustrate the influence of controllable unit output on the
supply and demand flexibility index.

In scenario 2, 5 and 8, the poor flexibility index curve of
zone 1 as shown in Figure 10.

As can be seen from the figure, in scenarios 2, 5 and 8,
the poor flexibility index of supply-demand adjustment in
zone 1 increases gradually with the decrease of the output
of renewable energy units. The poor flexibility index of the
up-regulation at part of scenario 2 is greater than 1, while the
poor flexibility index of the up-regulation at each moment
of scenario 5 and 8 is greater than 1. This is because the
output of the controllable unit in zone 1 is close to the
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FIGURE 10. System scenario zone 1 supply and demand flexibility
indicator.

unit capacity, and the up-regulated capacity is insufficient.
The output of renewable energy in scenario 2 is in the
peak state, and the output requirement of controllable unit
is low. Therefore, the output of controllable unit in Scenario
2 can still meet the load demand at some time. However,
the renewable energy output of scenarios 5 and 8 is reduced,
and the controllable unit’s output cannot meet the flexibility
requirement even if it reaches the capacity value. Therefore,
the poor flexibility index of scenarios 5 and 8 is greater than
1 at every moment. For zone 1, if the controllable unit has a
small room for up-regulation, it means a large room for down-
regulation. Therefore, the bad index of down-regulation flex-
ibility of zone 1 in the three scenarios is all less than 1,
showing good down-regulation flexibility.

Then, the supply-demand flexibility index of the whole
system is analyzed. In scenarios 2, 5 and 8, the poor flexibility
index of the whole IEEE39-bus system is lowered on the
supply-demand level, as shown in Figure 11.

The figure shows that the whole system on the supply and
demand of every moment, poor flexibility index less than 1,
that at any time of the whole system control unit output
can meet the demand of the flexibility of the whole system
supply, however, as stated earlier, some of the entire system

FIGURE 11. Supply and demand flexibility indexes of the whole system.

partition, cut flexibility demand cannot meet the problem,
Therefore, the flexibility index of supply and demand should
be taken into account when the power system is partitioned,
and the system should be partitioned reasonably according to
the characteristics of controllable units and renewable energy
units in different regions.

C. TRANSMISSION CAPACITY FLEXIBILITY
Through the calculation method of transmission capacity
flexibility index mentioned above, the poor transmission
capacity flexibility index between different zones of the
whole system in different typical scenarios after partition can
be obtained. Similarly, the three scenarios with the highest
probability (scenario 2, 5 and 8) are selected to analyze the
inter-regional transmission capacity flexibility index, and the
poor transmission capacity flexibility index between differ-
ent zones in these three scenarios is calculated, as shown
in Figure 12.

It can be seen from the figure that in scenarios 2, 5 and 8,
the poor flexibility indexes of transmission capacity between
each zone are all less than 1, indicating that the trans-
mission capacity of the transmission channel between each
zone can meet the requirements of the maximum output
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FIGURE 12. Poor flexibility indexes of transmission capacity.

sent by the transmission transmitting end under normal
circumstances.

However, sometimes, there will be a fault and exit from the
transmission channel of a line, then the transmission capac-
ity between the sending end and the receiving end will be
weakened, may be unable to meet the transmission demand,
that is, the output of the sending end is blocked. We assume
that a transmission line in the transmission channel between
each partition breaks down and exits operation, and the result-
ing poor flexibility index of transmission capacity is shown
in Figure 13.

FIGURE 13. Poor flexibility index of transmission capacity under line
failure.

In line fault cases, the transmission capacity of poor flex-
ibility index of partitions 1and 3 and partitions 2 and 3 is
greater than 1, shows that when the transmission channels
between the partitions of a failure of a transmission line,
transmission channel can’t meet the demand of transmission,
this is where the extension line to improve the transmission
capacity of partition between the flexibility. If there is a
transport capacity can’t meet, will lead to send the output is
blocked, making renewable energy sources is deprecated, and
if the partition inside force increases with given extra elec-
tricity load demand, may influence the distribution of tidal

current, increasing the risk of partition in the transmission line
overload, causing the stable operation of the power system.

So, it is necessary to want to consider when to partition
the power system partition between the transmission capacity,
with the increase of renewable energy units, the sender parti-
tion out of electricity, need to make sure that the partition and
other partitions between transmission channel transmission
capacity to meet the demand of transmission, in order to
reduce the sender partition deprecation of renewable energy
power supply.

D. OPTIMAL PARTITION RESULT
According to the poor flexibility index of supply-demand and
down-regulation of zones in each scenario obtained above,
as well as the poor flexibility index of transmission capacity
between zones, we think that theweighted coefficients of sup-
ply and demand flexibility index, downward flexibility index
and transmission capacity flexibility index are the same, then
the comprehensive poor flexibility index of power system in
each scenario with 3 zones can be calculated, as shown in
Table 3. Finally, according to the probability of occurrence
of each scenario, the final system comprehensive flexibility
index is calculated by weighting. The IEEE39-node system
is partitioned for several times, and the number of regions
divided is different each time. The comprehensive flexibility
index of the system under different partitioning strategies is
obtained, as shown in Figure 14.

TABLE 3. Comprehensive poor flexibility index.

It can be seen that the composite poor flexibility index of
the system in scenario 2 is small, indicating that the system
as a whole has good flexibility when the renewable energy
output is large.

FIGURE 14. System comprehensive flexibility index under different
number of partitions.
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Figure 14 shows the relationship between the index of poor
comprehensive flexibility of the system and the number of
partitions. It can be seen that when the number of partitions
is 6, the comprehensive flexibility of the system is the best.

The comparison of voltage and loss of IEEE-39 bus nodes
under different partitioning strategies is shown in Table 4.
It can be seen from Table 4 that the voltage deviation and
losses of the system are optimal when the number of parti-
tions is 6.

TABLE 4. Voltage deviation and losses of the ieee-39 bus bar node.

Considering the electricity consumption in different time
periods, and the electricity price in each time period is shown
in Table 5.

TABLE 5. Electricity price for each period.

The wind and light abandonment cost is 50 $/MW, and the
load cutting cost is 80 $/MW. Finally, CPLEX in YALMIP
toolbox is called in MATLAB to solve the total cost. The cost
of each partitioning scheme is shown in Table 6.

TABLE 6. Cost of each partitioning scheme.

When the number of zones is 6, the wind abandon rate and
light abandon rate of the system are lower because the system

has the lowest comprehensive flexibility index. What’s more,
due to the higher flexibility of the system, frequent excision
load is not required, so the cost of excision load is low. There-
fore, the partition schemewith 6 partitions has the lowest total
cost.

FIGURE 15. Optimal partition result of IEEE 39-bus system.

As shown in Figure 15, the IEEE-39 Bus bar node system
is divided into six regions. The system has the lowest com-
prehensive flexibility index, the supply and demand within
the system regions are more easily balanced, and the power
transmission between regions will not exceed the rated capac-
ity. In addition, it can be seen from Table 3 that when the
output of the renewable energy distribution power supply in
the power system is maximum, the power system can operate
more safely and stably. For some power systems with fewer
nodes, when these power systems need to be partitioned, this
method can effectively analyze the quality of the partitioning
strategy and determine the final partitioning result.

V. CONCLUSION
In this paper, a dynamic adaptive partitioning method of
power grid considering renewable energy and fluctuating
load uncertainty is studied based on comprehensive flexibility
index of power system. First, a cluster analysis is conducted
on the operation scenario of renewable energy and fluctuating
load. A large number of historical data of renewable energy
and load output are clustered into several operation scenario
combinations by improving the K-means clustering algo-
rithm, and the three operating scenario combinations with
the highest probability are selected. Then, the poor flexibility
index of intra-regional supply and demand balance and the
poor flexibility index of inter-regional transmission capacity
are proposed, and the comprehensive poor flexibility index is
obtained by weighting, so as to evaluate the comprehensive
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flexibility of the power system after partitioning. Finally,
taking IEEE-39 Bus bar node system as an example, the
comprehensive flexibility of each partition scheme is eval-
uated. It is calculated that when the number of partitions
is 6, the system’s comprehensive flexibility is the lowest, and
the partitioning effect of the scheme is the best. For some
power systems with fewer nodes, when these power systems
need to be partitioned, this method can effectively analyze
the quality of the partitioning strategy and determine the final
partitioning result.

The method proposed in this paper still has some defects.
When the grid scale is large, the power system partitioning
strategy obtained by this method may not be effective. The
method in this paper still needs further research. In the future
research, the proposedmethod should overcome the problems
of low calculation efficiency of the poor flexibility index and
inaccurate evaluation of the comprehensive flexibility index
caused by the large number of nodes in the power system.
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