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Abstract. In this paper, a distributed generation location and capacity optimization model considering the 
probability of scenario occurrence is established. The optimization objective is to minimize the total cost of 
investment, annual power loss of distribution network and node voltage deviation. The improved genetic 
algorithm with elitist retention mechanism is used to solve the model. The IEEE33 system is used to show 
the location and constant capacity of the distributed power supply under different conditions. It shows that 
the reasonable and optimized configuration of the distributed power supply can obtain better voltage quality 
and minimize the cost function, which verifies the effectiveness of the proposed model. 

1 Introduction 

The distributed power supply can reduce the power loss 
in the transmission lines, support the voltage of each load 
node and improve the power supply reliability[1]. At the 
same time, the distributed generation has the 
characteristics of random fluctuation, and a large number 
of access will aggravate the voltage fluctuation of 
distribution network[2].  

Liu[3] established a DG location and capacity model 
with operation risk cost as the objective function, with 
DG access capacity, active power balance and node 
voltage limit as the constraints. Sun[4] considered voltage 
stability and current margin, and adopted multi-objective 
decision-making method to optimize the configuration of 
DG access. Zhu[5] established the DG optimal allocation 
model considering the dynamic reconstruction of the 
network. 

Due to the uncertainty of random fluctuation of DG 
and load, many scholars consider the timing 
characteristics of DG and load[6][7]. Heuristic algorithms 
such as cat swarm algorithm[8], particle swarm 
algorithm[9], genetic algorithm[10] are widely used to 
solve the DG configuration problem. 

In this paper, k-means clustering algorithm is used to 
extract the scene division and probability of DG active 
power and load change mode. A multi-objective 
optimization model is established to minimize the 
investment cost, annual power loss and node voltage 
deviation. The impact of scenario occurrence probability 

on DG configuration is considered in the objective 
function. The improved genetic algorithm with elitist 
mechanism is used to solve the model, and compared 
with the existing model to verify the effectiveness of the 
model. 

2 Multi objective location and capacity 
determination 

2.1 Objective function  

The objective function F1 represents the cost function. 

𝑚𝑖𝑛 𝐹 𝐶 ∙
𝑟 1 𝑟
1 𝑟 1

1  

Where 𝐶  is the initial investment cost of wind power 
and photovoltaic, 𝑟 8% is the discount rate. 𝑛  is the 
service life of wind turbine and photovoltaic. 𝐶  is the 
operation and maintenance cost obtained by scenario 
division. 

The objective function F2 is the annual electric 
energy loss of the distribution network after connecting 
to DG. Where 𝑊 ,  represents the power loss in line i 
under scenario k. 

𝑚𝑖𝑛 𝐹 𝑝 𝑘 𝑊 , 2  

The objective function F3 is the total node voltage 
deviation ∆𝑈 of the distribution network after connecting 
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to DG. 𝑈  is the actual value of node voltage, and 𝑈  is 
the rated voltage of the node. 

𝑚𝑖𝑛  𝐹
𝑈 𝑈

𝑈
100% 3  

2.2 Constraints 

The constraints of optimization model are shown in 
formula (4)-(6). The power balance constraints for each 
node are as follows. 

⎩
⎪
⎨

⎪
⎧𝑃 𝑈 𝑈 𝐺 𝑐𝑜𝑠𝜃 𝐵 𝑠𝑖𝑛𝜃

∈

𝑄 𝑈 𝑈 𝐺 𝑠𝑖𝑛𝜃 𝐵 𝑐𝑜𝑠𝜃
∈

4  

Where 𝑈  and 𝑈  is the voltage value of node i. 𝐶  is 
the set of nodes adjacent to node i. 𝐺  and 𝐵  is the real 
part and the imaginary part of the admittance matrix, and 
𝜃  is the voltage phase angle difference between nodes i 
and j. Voltage constraint is as follows. 

𝑈 𝑈 𝑈 , 𝑖 1,2, … , 𝑁 5  

𝑈  and 𝑈  is the minimum and maximum 
allowable node voltage. The branch power constraint is 
as follows. 

𝑃 𝑃 , 𝑙 1,2, … 𝑁 6  

2.3 Improved genetic algorithm  

In this paper, an improved genetic algorithm with elite 
strategy was used to solve the problem[11]. Genetic 
algorithm (GA) is a kind of heuristic algorithm based on 
the theory of biological evolution. Individuals with high 
fitness were selected through crossover and mutation. 
Repeated iterations make the population evolve and 
finally converge to the global optimal solution. 

The elitist retention strategy can prevent the optimal 
individual from being destroyed by crossover and 
mutation operations. Individuals with the best fitness 
value in the evolution process are directly copied to the 
next generation.  

3 Case study 

IEEE33 node system is used as an example to verify the 
model, as shown in Figure 1. The head end reference 
voltage of the network is 12.66 kV. The system power 
reference value is 10MVA. The total network load is 
5084.26+j2547.32kVA, and the branch impedance and 
node load are shown in literature[6]. 

 
Figure 1 IEEE33 system node diagram 

Figure 2 shows the comparison of convergence rates 
of different algorithms. The elitist retention strategy 
guarantees the global convergence of genetic algorithm, 
and the convergence speed is faster than standard genetic 
algorithm and PSO algorithm. 

 

 
Figure 2 Comparison of convergence rates of different 

algorithms 
 

 
Figure 3 Effect of different permeability on node voltage offset 

                                         
Figure 3 shows the node voltage offset curve of the 

optimal DG configuration under different permeability. 
When the permeability increases, the voltage offset of 
each node decreases. The larger the permeability is, the 
smaller the node voltage offset is. 

4 Conclusion 

In this paper, a multi-objective optimization model for 
distributed generation location and capacity is 
established. The objective is to minimize the cost, annual 
power loss and node voltage deviation. The improved 
genetic algorithm with elitist retention mechanism is 
used to solve the model. The IEEE33 node system is 
simulated and the optimized location and capacity of 
distributed power supply are given. 
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