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Abstract. At present, due to the abnormal objective function setting result of AC / DC distribution network 
energy storage depth planning method, the operation cost of power supply network has been increased 
frequently. Therefore, the energy storage depth planning method of AC / DC distribution network based on 
toughness enhancement technology is designed. The minimum peak valley difference, maximum load rate 
and minimum load change are taken as the energy storage depth planning objectives of AC / DC 
distribution network. The economic mathematical model of distribution network planning is constructed by 
using toughness enhancement technology and objective function to complete the in-depth planning of 
distribution network. So far, the energy storage depth planning method of AC / DC distribution network 
based on toughness enhancement technology has been completed. Simulation experiment has been 
constructed. Through the comparison, it can be seen that this method has better effect than the original 
method, possessing stronger control ability for operation components. 

1 Introduction 

AC and DC have always been the main forms of electric 
energy in the distribution network. During the 
construction of the distribution network, both have 
experienced long-term competition. With the application 
of a series of AC equipment such as transformers and 
three-phase motors, AC once replaced DC power. 
Nowadays, most of the current forms used in medium 
and low-voltage distribution networks are AC [1-2]. 
However, through the references, it is found that there 
will be corresponding problems in the use of AC. For 
example, in the field of high-voltage transmission, the 
effect of AC is not as good as that of DC. Therefore, DC 
occupies a place in the high-voltage transmission 
network. With the development of distribution network, 
DC power supply and AC power supply have made 
significant changes. As the power electronic technology 
continuously progresses, the cost of DC / AC conversion 
equipment has decreased. Energy storage in AC / DC 
power distribution network has become a hot issue of 
concern.  

At present, the AC / DC hybrid distribution network 
is still in the stage of theoretical research, and its grid 
topology and control strategy have been the focus of 
research at home and abroad. In reference [3], three 
topology schemes of AC / DC hybrid microgrid are 
proposed and compared, and the design principles of AC 
/ DC hybrid microgrid topology are summarized; In 
reference [4], a double droop control strategy is proposed 
for AC / DC microgrid interface converter, which 
combines active power frequency droop control on AC 

side and active power voltage droop control on DC side 
to realize coordinated operation of AC / DC microgrid; 
Reference [5] considers that in the grid connected state, 
AC / DC hybrid microgrid should give priority to the use 
of energy storage to balance the system power, so as to 
reduce the power exchange between the system and the 
main network; similar to the reference [5], the reference 
[6] thinks that whether the grid connected or the isolated 
grid, the DC microgrid energy storage battery should 
always be under constant voltage control, and the 
interface converter should be coordinated to suppress the 
power fluctuation of the system.  

Therefore, in this design, the toughness enhancement 
technology is used to optimize the shortcomings of the 
original method, and the AC / DC distribution network 
energy storage depth planning method based on the 
toughness enhancement technology is designed, 
providing a new direction for the development of 
distribution network.  
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2 Design of energy storage depth 
planning method for AC / DC 
distribution network based on 
toughness enhancement technology 

2.1 Setting the objective function of energy 
storage planning for AC / DC distribution 
network 

In this design, the minimum peak valley difference, 
maximum load rate [6-7] and minimum load change are 
taken as the energy storage depth planning objectives of 
AC / DC distribution network. Therefore, the objective 
function of AC / DC distribution network energy storage 
planning is set as three parts.  

Minimum peak valley difference: this objective 
function is used to control the net load value of the grid 
after energy storage discharge. The specific calculation 
formula is as follows: 
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In the above formula, 1N  
represents the number of 

load bearing at the grid bus. 2N  
represents the number 

of PV installed at the grid bus. 3N  represents the 

number of exhaust devices installed at the grid bus. 4N  
represents the number of energy storage devices installed 

at the grid bus. 1p  
represents the load value in the 

power grid at the time of n . 2p  represents the output 

value of PV [8-10] in the grid at the time of n . 3p  
represents the output value of exhaust equipment in the 

grid at the time of n . 4p  represents the charging and 

discharging power value of the grid at the time of n . 
When the charging and discharging power is positive, 
the energy storage is equal to the corresponding value. 
Otherwise, the energy storage is equivalent to the power 
supply for discharging. According to the above formula, 
the net peak valley difference can be obtained. The 
specific formula is as follows[11]: 
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In the above formula, 1 2, ,..., np p p represents the 

net load value of the power grid at different times. In this 
research, the time unit is set as day. Therefore, 24 hours 
is taken as a unit in the calculation of time. 

Maximum of net load rate: this objective function 
represents the ratio between the mean value of net load 
value and the peak value of net load value, which can be 
expressed as follows[12]:  
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Using this formula, the above objective function can 
be calculated and the corresponding value can be 
obtained[13].  

Minimum net load change: this objective function 
can represent the difference between the net load values 
at adjacent times, and the energy storage effect of the 
power grid can be controlled by reducing the load 
variation. This objective function can be expressed as 
follows by formula[14]:  

1
1

min
T

i i
t

I P P


 
                      

(4) 

In the above formula, iP  
represents the net load 

value at the time of i . 1iP  represents the net load value 

at the previous time of iP [15]. Through the above three 

groups of objective functions, the energy storage mode 
of power grid is optimized.  

2.2 Construction of distribution network 
planning mathematical model 

According to the above objective function, the 
mathematical model of distribution network planning is 
constructed as an economic model [16]. At the same time, 
the data model is optimized by toughness enhancement 
technology, and the specific processing process is as 
follows[17].  

In the process of model design, the investment cost, 
operation cost and equipment maintenance cost [12-13] are 
taken as one of the main reference contents of the model, 
and the toughness enhancement technology is used to 
process the three parts of data. Under the premise of 
system decision-making permission, this constraint 
condition is compromised with the objective function, 
and the following formula is obtained[18].  
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In the above formula,   represents the random 
coefficient in the objective function of the distribution 
network. ( , )f x  represents the optimized objective 

function.  ( , ) 0i iY h x  
 
represents the constraint 

condition of the planning model. ( , )ih x  represents the 

chance constraint for the model establishment [19-20].   

represents the confidence level of the chance constraint 
condition. The toughness enhancement technology is 
used to optimize this part of the model. ( , ) 0G x    is 

the rigid condition of this model[21], which must be met 
to achieve the effect of this model. By processing this 
model, the energy storage planning of distribution 
network can be realized on the premise of ensuring the 
economic efficiency of distribution network. So far, the 
energy storage depth planning method of AC / DC 
distribution network based on toughness enhancement 
technology has been completed[22-23].  
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3 Simulation experiment analysis 

3.1 Design of experimental scheme 

In this experiment, the design method and traditional 
method are used to plan the selected distribution network 
segment. In order to compare the difference between the 
design method and the traditional method, the change of 

operation cost and the stability of distribution network 
after planning are taken as the experimental objects. In 
the process of the experiment, the experimental 
environment is set as two seasons, winter and summer. 
Each season is set as three months to obtain the 
experimental results and analyze the differences in the 
use of various methods. 

3.2 Analysis of experimental results 

TABLE I.  EXPERIMENTAL RESULTS OF DISTRIBUTION NETWORK OPERATION COST CHANGE AFTER PLANNING 

Season Experimental month Operating cost 
change rate of 
design method 
in this paper /% 

Traditional 
method 1 

operating cost 
change rate /% 

Traditional 
method2 

operating cost 
change rate /% 

winter 1 -2.75 5.24 6.45 
2 -3.24 6.47 7.15 
3 -2.54 8.24 6.25 

summer 1 -2.64 3.41 4.21 
2 -3.84 4.56 4.35 
3 -1.15 3.45 4.51 

 
From the above experimental results, it can be seen that 
the operation cost of distribution network shows a 
significant decline after using the design method in this 
paper. In the months with large power consumption in 
winter and summer, the operation cost fluctuation of 
distribution network is small and tends to be flat. It can 
be seen that the operation cost of distribution network 
can be effectively controlled and the economic cost can 
be saved by using the design method in this paper. 
Compared with the design method in this paper, the 
original method 1 and the original method 2 have a 
lower ability to control the operation cost of distribution 

network after use, showing a positive growth state in 
many months. In the months with large power 
consumption in winter and summer, the operation cost of 
distribution network is not limited. Therefore, these two 
methods can not meet the needs of people in the daily 
application process, causing certain economic losses and 
waste of resources. According to the above analysis 
results, the design method in this paper can effectively 
improve the economy of distribution network, provide 
more economical and affordable electricity for people, 
and promote the implementation of the concept of 
sustainable development. 

TABLE II.  POWER SUPPLY STABILITY TEST RESULTS OF DISTRIBUTION NETWORK AFTER PLANNING 

season Experimental month Power supply 
stability of 
distribution 

network is designed 
in this paper /% 

Traditional method 
1 power supply 

stability of 
distribution 
network /% 

Traditional method 
1 power supply 

stability of 
distribution 
network /% 

winter 1 97.25 94.24 93.14 
2 97.85 93.15 93.64 
3 97.14 93.17 93.41 

summer 1 97.64 94.19 94.51 
2 98.01 95.15 93.15 
3 98.05 94.10 93.65 

 
Analysis of the above experimental data shows that 

after using the design method in this paper, the power 
supply stability of the distribution network is relatively 
high. In a variety of experimental environments, there is 
no collapse of the distribution network or excessive 
current in the distribution network. It can be seen that the 
design method in this paper can effectively control the 
power transmission and power supply in the power grid. 
Using this method in winter and summer with large 
power supply can effectively improve the satisfaction of 
users and ensure their normal power consumption. 
Therefore, through the above experimental results, the 

design method in this paper is better than the traditional 
method. 

According to the above experimental results, the 
design method in this paper has certain reliability in 
daily use, and its use effect is obviously better than that 
of the traditional method. In the future distribution 
network optimization process, this method can be used 
to improve the performance of distribution network. 
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4 Conclusion 

In this research, the AC / DC distribution network 
energy storage is deeply planned. Due to the time and 
technology constraints, there are corresponding 
deficiencies in this research. In the future research, 
combined with the existing research results and the 
development trend of AC / DC distribution network, 
some deficiencies in this paper will be optimized, so as 
to provide theoretical basis for the use and development 
of AC / DC distribution network, promote the 
development process of China’s distribution network, 
and realize the reform of energy structure in China. 
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