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Abstract—In the centralized spot market, each participant pursues the maximization of economic benefits, 
which leads to the operation condition of the power grid closer to the security boundary. Thus, in this paper, 
a novel approach to security margin assessment of the centralized spot market is proposed. By proceeding 
from the mechanism of influence of load variation on power flow, the relationship between power flow 
transfer characteristics and the security margin of the power grid is explored. Then, on the basis of information 
entropy theory, the power flow transfer balancing evaluation index of the power grid is established. And this 
index is applied for security margin assessment of the power grid in the environment of the centralized spot 
market. Results of an IEEE 14-bus system case study have validated the effectiveness and quickness of the 
proposed method. Meanwhile, in accordance with the analysis results, it is proved that the proposed method 
is capable of accurately identifying the critical power transmission and transformation equipment affecting 
the security margin of the power grid, which is helpful to identify the potential risks of the operation of the 
power grid in advance. 

1 INTRODUCTION 

The operation of the centralized spot market will have an 
extensive and profound impact on the whole power 
industry [1]. With the implementation of the reform 
scheme of the power system in China, the economy plays 
a more and more important role in the operation of the 
power grid. Thus, the generation dispatching plan in the 
spot market mode no longer conforms to the balanced 
distribution, and the power flow distribution in the spot 
market mode is also different from that in planned 
dispatching mode [2]. As a result, the uncertainty of power 
flow distribution brought by the centralized spot market 
will bring new challenges to the safe operation of the 
power grid [3]. Therefore, the traditional analysis method 
of the safe operation of the power grid cannot fully meet 
the needs of the development of the power grid in the 
centralized spot market mode. At present, the relevant 
research results on the centralized spot market at home and 
abroad mostly focus on the market rules [4], market 

schemes [5], market construction paths [6], market-
clearing methods et al. [7]. Nevertheless, it can be seen 
that there is a lack of necessary research and application 
on power flow transfer characteristics and security margin 
assessment of power grid in centralized spot market mode. 

As an effective supplement to the traditional analysis 
method of safe operation of the power grid, many research 
achievements have been made in power flow balancing 
analysis of the power grid [8-11]. Taking the load factor 
of the line as the assessment object, the application of line 
load balancing in severity evaluation of power flow 
overrun, identification of dangerous lines, and judgment 
of the self-organized critical state of the power system are 
analyzed respectively in [8-10]. The expected value of the 
blackout sequence of the power system is reduced by 
studying power flow balancing between regions in [11]. 
This kind of method mentioned above is based on the 
known operation status of the power grid, without 
considering the transfer of its power flow. Given the above 
situation, aiming at the variability of power grid operation 
mode in the environment of the power market, this paper 
adopts the power flow transfer balancing evaluation index 
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to describe the equilibrium level of power flow transfer 
when the operation mode of the power grid changes. 

As is known to all, the security margin of the power 
grid is related not only to its structure but also to its 
operation mode. Specifically, in different operation modes, 
the distribution characteristics of power flow transfer of 
the power grid are different, as well as the ability to 
withstand load variation. In the case that each branch 
undertakes the power flow transfer according to its 
capacity margin, the power grid has a strong ability to 
withstand load variation and a large security margin. 
Hence, the power flow transfer balancing evaluation index 
is constructed to assess the security margin of the power 
grid in this paper. 

Nowadays, entropy theory is a new method and idea 
for analyzing the operation characteristics of the modern 
complex large power grid, which has been applied in many 
fields of power system, such as reliability assessment [12], 
available transmission capacity assessment [13], optimal 
power flow calculation [14], probabilistic power flow 
modeling [15], fault detection et al. [16]. It is well known 
that entropy can describe the characteristics of power flow. 
Based on the analysis of the operation characteristics of 
the power grid, the power flow entropy index is 
constructed to describe the operation characteristics of the 
power grid, such as the power flow entropy index 
constructed in [17]. 

In this paper, the power flow transfer balancing 
evaluation index is established based on entropy theory to 
analyze the equilibrium level of power flow transfer 
caused by load variation, and the index is applied to assess 
the security margin of the power grid in the centralized 
spot market mode. 

2 POWER FLOW TRANSFER BALANCING 

2.1 Power Flow Balancing 

Power flow transfer balancing describes the equilibrium 
level of power flow transfer when the operation mode and 
load variation mode of the power grid both are known, 
which can take into account the operation characteristics 
of the power grid and the influence of load variation at the 
same time. Specifically, the more balanced the change of 
branch power caused by load variation, the more balanced 
each branch bears the change of load power, and it is not 
easy to cause branch out of limit and affect the safe 
operation of the power grid. 

2.2 Information Entropy 

As an effective method to quantify the irregularity, 
information entropy can be used to quantitatively describe 
the equilibrium level of power flow transfer. Therefore, 
the characteristic quantity of power flow transfer with load 
variation can be extracted, and the power flow transfer 
balancing evaluation index based on entropy theory can be 
established. 

Information entropy is defined as follows [18]: 

 
1
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where H indicates the information entropy. C is the 
constant. N represents the total number of events. P(k) 
stands for the percentage of the kth value xk in the sum of 
all values of this physical quantity, which is given by 
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The larger the entropy, the better the equilibrium level 
of power flow transfer. On the contrary, the worse the 
equilibrium level of power flow transfer. 

3 POWER FLOW TRANSFER BALANCING 

EVALUATION INDEX BASED ON INFORMATION 

ENTROPY 

In general, information entropy can represent the 
equilibrium level of power flow transfer [19]. Combining 
the information entropy theory with the characteristics of 
power flow transfer with load variation, the power flow 
transfer balancing evaluation index is constructed as 
follows. 

In the current operation mode, each branch of the power 
grid has a certain power margin. Power margin of branch i 
is described as 

 0m max
i i iP =P | P |  　　　 

where max
iP acts as the upper power limit of branch i. 0

iP

indicates the power of branch i in the current operation 
mode. 

The vector of branch power margin made up of m
iP  

can be constructed as 

 1 2[ ,..., ,..., ]m m m m m
i NP ,P P PP  　　　 

where Ｎ denotes the total number of branches. 
The variation of branch power caused by unit load 

variation is expressed as the vector P : 

 1 2[ ,..., ,..., ]i NP , P P P    P  　　　 

The power variation of branch i is calculated as 
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M
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The power flow distribution factor of branch i relative 
to node k can be then derived as follows: 

 mk nk
ik

i

X - X
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where △Pk represents the load variation of node k. The 
head and end nodes of branch i are m and n respectively. 
Xmk and Xnk  are deemed to be the corresponding elements 
in the impedance matrix of network nodes. xi stands for 
the reactance of branch i. 

In the case of unit variable load, the power flow 
transfer rate describing the power increment of branch i 
relative to the power margin of this branch is computed as 

 t i
i m

i

P
P =

P


 　　　 

The vector of branch power flow transfer rate 
composed of t

iP is constructed as follows: 

 1 2[ ,..., ,..., ]t t t t t
i NP ,P P PP  　　　 

The standardized vector P can be formed as 

 [ (1) (2),..., ( ),..., ( )]P ,P P i P NP  　　 

where P(i) is the ratio of the power flow transfer rate of 
branch i in the sum of the power flow transfer rates of all 
branches, which can be expressed as 
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Substituting P(i) into equation (1), the power flow 
transfer entropy can be obtained as follows: 
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Obviously, the power flow transfer entropy is 
constructed to assess the power flow transfer balancing of 
the power grid. It can be verified that the larger the entropy, 
the more balanced the distribution of power flow transfer 
on each branch caused by load variation, meanwhile, the 
power grid has a stronger ability to withstand the load 
variation. Conversely, the ability of the power grid to 
sustain the load variation is weak. 

4 SECURITY MARGIN ASSESSMENT OF THE 

POWER GRID BASED ON POWER FLOW 

TRANSFER ENTROPY 

In general, the repeated power flow method [20, 21] can 
be applied to calculate the security margin of the power 
grid in a certain operation mode. However, the operation 
condition of the power grid changes in real-time, in which 
the adjustment of generator output, the change of load, the 
switch of equipment operating condition, and so on will 
affect the security margin of the power grid. Besides, the 
calculation speed of the repeated power flow method is far 
from meeting the online requirements for the large-scale 

power grid. Therefore, the repeated power flow method is 
widely used in offline calculation [20]. Hence, it is of great 
significance to explore a fast and reliable index to replace 
the repeated power flow method to describe the security 
margin of the power grid in different operation modes. 

The security margin of the power grid in different 
operation modes is different, which is related to the 
equilibrium level of the distribution of branch power 
variation caused by the load variation in this operation 
mode. The more balanced the branch power variation 
caused by the load variation, the more balanced each 
branch withstands load variation so that the power grid has 
a greater security margin in this operation mode. On the 
contrary, the more unbalanced the branch power variation 
caused by load variation, the lower the security margin of 
the power grid in this operation mode. Therefore, this 
paper applies the power flow transfer entropy index to 
assess the security margin of the power grid. 

In several operation modes, the security margins of the 
power grid are calculated by repeated power flow method, 
and the power flow transfer entropy values are calculated 
by using the method proposed above. The calculation 
results are shown in Fig. 1. 

 
Figure 1. Relationship between power flow transfer entropy 

and security margin. 
 
Each point in Fig. 1 represents an operation mode of 

the power grid. As can be seen from Fig. 1, with the 
increase of power flow transfer entropy, the security 
margin of the power grid increases. When the power flow 
transfer entropy is less than a certain value, the security 
margin remains at a low level. Otherwise, when the power 
flow transfer entropy is larger, the safety margin is also 
larger. It is illustrated that the power flow transfer entropy 
index can reflect the security margin level of the power 
grid, which verifies the effectiveness of the index 
proposed in this paper. 

In terms of calculation speed, for a 159-bus power grid, 
it takes 0.041s to calculate the power flow transfer entropy 
in a specific operation mode, while the time to calculate 
the security margin in the same operation mode by using 
the repeated power flow method is usually more than 
seconds. The above analysis shows that the method 
presented in this paper has high computational efficiency 
and is suitable for online security assessment. 

5 EXAMPLE CALCULATION 

Based on the IEEE 14-bus system shown in Fig. 2, an 
example is constructed to further verify the research 
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content of this paper. In the example, the bidding method 
of generators adopts the segmented bidding method, and 
the data are shown in Table Ⅰ. Also, the load variation 
mode is assumed to be uniform, that is, the load power of 
each load node changes in an equal proportion. 
Specifically, three scenarios are constructed for 
calculation, and the data are shown in Table Ⅱ. The 
repeated power flow method is used as the comparison 
algorithm to verify the effectiveness of the power flow 
transfer entropy index described in this paper. 

 
Figure 2. IEEE 14-bus system. 

TABLE I. GENERATOR OFFER PRICE BY OUTPUT 

Generator Segment 
Initial 

capacity 
(MW) 

Termination 
capacity 
(MW) 

Price 
(RMB/MWh) 

G1 

1 0.00 150.00 190.00 
2 150.00 200.00 240.00 

3 200.00 250.00 290.00 

4 250.00 300.00 320.00 
5 300.00 330.00 390.00 

G2 

1 0.00 100.00 220.00 
2 100.00 120.00 260.00 

3 120.00 150.00 310.00 

G3 

1 0.00 50.00 400.00 

2 50.00 85.00 410.00 
3 85.00 110.00 420.00 

TABLE II. COMPUTING SCENARIOS 

Scenario Transmission power limits of branches 

1 The transmission power limit of branch ⑦ is 
250MW 

2 The transmission power limit of branch ⑦ is 
150MW 

3 
The transmission power limit of branch ⑦ is 

150MW, and that of branch ⑨ is 100MW 

 

According to the above data, the power flow transfer 
entropy and the corresponding power flow transfer rates 
of each branch of the three scenarios are calculated 
respectively, for the purpose of demonstrating that the 
power flow transfer entropy can reflect the equilibrium 
level of power flow transfer of the branch caused by load 
variation. The calculated results are displayed in Table Ⅲ 
and Fig. 3. 

TABLE III. CALCULATION RESULTS OF POWER FLOW 

TRANSFER ENTROPY 

Scenario Power flow transfer entropy Security margin /% 

1 0.81 62.4 

2 0.65 37.9 

3 0.49 12.7 

 
It can be seen from Table Ⅲ that in scenario 1, the 

power flow transfer entropy is 0.81 and the security 
margin is 62.4%; in scenario 2, the power flow transfer 
entropy is 0.65 and the security margin is 37.9%; in 
scenario 3, the power flow transfer entropy is 0.49 and the 
security margin is 12.7%. Thus, the power flow transfer 
entropy index constructed in this paper can accurately 
reflect the level of power grid security margin. 

 
Figure 3. Power flow transfer rate of each branch. 

 
As you can see from Fig. 3 that with the decrease of 

power flow transfer entropy, the distribution of the power 
flow transfer rate of each branch becomes more and more 
unbalanced. In scenario 3, the power flow transfer entropy 
of the power grid is small, and the power flow variation of 
each branch is extremely unbalanced, while that of other 
branches is very small. In this case, the branch with the 
largest power flow transfer rate will become the key 
branch to limit the security margin of the power grid. 

From all the aforementioned analysis, it can be 
perceived that the power flow transfer entropy index 
proposed in this paper can effectively reflect the 
equilibrium level of the power flow transfer rate of each 
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branch, and can effectively recognize the key branches 
that affect the security margin of the power grid. 

6 CONCLUSIONS 

In this paper, based on the mechanism of the influence of 
load variation on the branch power flow, the power flow 
transfer entropy index is established and its effectiveness 
is verified. On this basis, the index is applied to assess the 
security margin of the power grid in the centralized spot 
market mode. Furthermore, in light of the comparative 
analysis of different scenarios with different branch 
transmission power limits, it is observed that the power 
flow transfer entropy index constructed in this paper can 
accurately reflect the security margin level of the power 
grid, and can effectively identify the key branches that 
affect the security margin of the power grid. Moreover, it 
is very helpful for dispatchers to identify the potential 
risks of the operation of the power grid in advance and 
ensure the long-term safe and stable operation of the 
power grid. 
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