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Abstract 

 This paper presents a multi-objective function for optimal placement of distributed generation (DG) 

resources in distribution systems in order to minimize the power losses and improve voltage profile. Particle swarm 

optimization (PSO) and weight method are applied to the proposed technique to obtain the best compromise between 

these costs. Simulation results on IEEE 30-bus test system are presented to demonstrate the usefulness of the proposed 

procedure. 
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1. Introduction 

The integration of renewable DG units into distribution systems offers many advantages. The 

injections of power from near located of renewable DG units to the loads offer the chance for energy losses 

reduction and system voltage provision [1-2]. Therefore, DG units’ placement should be thoroughly 

decided with the concern of different planning inducements. The effect of placing a renewable DG on 

distribution grid indices usually differs on the basis of its type, location and load at the connection point [3-

4]. 

Renewable DG placement problems of can be described as a single objective (SO) optimization 

problem, such as voltage stability and whole energy losses [5-6]. They are considered as the self-

determining objectives respectively for the optimization studies. In its place, the renewable DG placement 

problems are confirmed as a multi-objective (MO) problem, wherein different objectives such as power 

losses, reliability, and voltage profile are reflected and concurrently optimized in the procedure [7-8]. 

The optimal placement of renewable DG units in distribution grid can be modelled as a non-

deterministic polynomial optimization problem. The heuristic methods are more appropriate to resolve such 

complex problems [9]. Particularly, the intelligent search based population methods has been studied to 

solve obtaining multi-objective problems [10]. Particle swarm optimization (PSO) is proposed to find 

solutions with faster convergence compared than other population based algorithms. Then, the benefits of 

PSO are easy to implement and only a few parameters to adjust [11]. 

This paper is organised as follows: A research method is offered on Section 2. Section 3 presents 

research and analysis, whereas the conclusion followed by the references is described on Section 4.  

 
2. Research Method 

The reduction of real power loss in general illustrates more attention for the utilities because it 

decreases the proficiency during delivering energy to customers. Nevertheless, reactive power loss is 

apparently not less important because it makes the possibility to deliver real power through lines to 

customers. Hence the flow of reactive power has to be preserved in the system at a guaranteed amount for 

sufficient the level of voltage.  

The real power flow and reactive power of power system flow in a line l connecting two buses 

(bus i and bus j) and can be described as: 

𝑃𝑖𝑗 = 𝑉𝑖𝑉𝑗𝑌𝑖𝑗 cos(𝜃𝑖𝑗 + 𝛿𝑖𝑗) − 𝑉𝑖
2𝑌𝑖𝑗 cos 𝜃𝑖𝑗 

                                                         𝑄𝑖𝑗 = 𝑉𝑖𝑉𝑗𝑌𝑖𝑗 sin(𝜃𝑖𝑗 + 𝛿𝑖𝑗) 

−𝑉𝑖
2𝑌𝑖𝑗 sin 𝜃𝑖𝑗 −

𝑉𝑖
2𝑌𝑠ℎ

2
                                                                                                                                                        

…(1) 

 
From these equations power flow sensitivity factor can be evaluated using Eq. 2.2 and Eq. 2.3 [12]. 
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The real power loss and reactive power loss a line l of power system in connecting two buses (bus i 

and bus j), can be stated as: 

𝑃𝐿(𝑖𝑗) = 𝑔𝑖𝑗(𝑉𝑖
2 + 𝑉𝑗

2 − 2𝑉𝑖𝑉𝑗 cos 𝛿𝑖𝑗) 

                                                              𝑄𝐿(𝑖𝑗) = −𝑏𝑖𝑗
𝑠ℎ(𝑉𝑖

2 + 𝑉𝑗
2) 

−𝑏𝑖𝑗(𝑉𝑖
2 + 𝑉𝑗

2 − 2𝑉𝑖𝑉𝑗 cos 𝛿𝑖𝑗)                                                                       

... (4) 

From these equations power loss sensitivity factor can be assessed using Eq. 2.5 and Eq. 2.6 [12]. 
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Both power flows and power losses can be integrated into the form of factor of combined sensitivity (CSF) 

as follows: 

𝐶𝑆𝐹𝑖 = (𝐹𝑃−𝑃𝑖
× 𝐹𝑄−𝑃𝑖

) + (𝐹𝑃−𝑄𝑖
× 𝐹𝑄−𝑄𝑖

) 

+(𝑆𝑃−𝑃𝑖
× 𝑆𝑄−𝑃𝑖

) + (𝑆𝑃−𝑄𝑖
× 𝑆𝑄−𝑄𝑖

)                                     …(7) 

The performance calculation (MOF) of multi-objective function    for renewable DG placement in 

distribution systems: 

𝑀𝑂𝐹 =  𝑤1𝑃𝐿𝑅𝐼 + 𝑤2𝑄𝐿𝑅𝐼 + 𝑤2𝑉𝑃𝐼𝐼|              𝑤1| + |𝑤2| + |𝑤3|  = 1               … (2.8) 

While real power loss reduction index (PLRI), rective power loss reduction index (QLRI), and voltage 

profile improvement index (PVII) are given by 

𝑃𝐿𝑅𝐼 =
𝑃𝐿(𝑏𝑎𝑠𝑒) − 𝑃𝐿(𝐷𝐺𝑖)

𝑃𝐿(𝑏𝑎𝑠𝑒)
           𝐿𝑅𝐼 =

𝑄𝐿(𝑏𝑎𝑠𝑒) − 𝑄𝐿(𝐷𝐺𝑖)

𝑄𝐿(𝑏𝑎𝑠𝑒)
           𝑉𝑃𝐼𝐼 =  

1

𝜆 + max
1

(|1 − 𝑉(𝑛)|)
 

The formulated multi-objective function is minimized subject to various operational constraints so as satisfy 

the electrical requirements for the distribution grid, such as: 

The load regulations for every bus should be achieved; 

          𝑃𝑔𝑛𝑖 − 𝑃𝑑𝑛𝑖 − 𝑉𝑛𝑖 ∑𝑉𝑛𝑗𝑌𝑛𝑗

𝑛

𝑗=1

cos(𝛿𝑛𝑖 − 𝛿𝑛𝑗 − 𝜃𝑛𝑗) = 0                             … (10) 

The upper and lower real and reactive power generation limit of generators at bus-i; 

𝑃𝑔𝑖
𝑚𝑖𝑛 ≤ 𝑃𝑔𝑖 ≤ 𝑃𝑔𝑖

𝑚𝑎𝑥  ,   𝑖 =  1,2, … , 𝑁𝑔               𝑄𝑔𝑖
𝑚𝑖𝑛 ≤ 𝑄𝑔𝑖 ≤ 𝑄𝑔𝑖

𝑚𝑎𝑥  ,   𝑖 =  1,2, … , 𝑁𝑞         … (11) 

The voltage could be retained within standard limits at every bus; 

𝑉𝑖
𝑚𝑖𝑛 ≤ 𝑉𝑖 ≤ 𝑉𝑖

𝑚𝑎𝑥 ,   𝑖 =  1,2, … , 𝑁𝑏                                            … (12) 
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The upper and lower real and reactive power generation limits of renewable DG connected at bus-i; 

𝑃𝐷𝐺𝑖
𝑚𝑖𝑛 ≤ 𝑃𝐷𝐺𝑖 ≤ 𝑃𝐷𝐺𝑖

𝑚𝑎𝑥  ,   𝑖 =  1,2, … , 𝑁𝐷𝐺             𝑄𝑔𝑖
𝑚𝑖𝑛 ≤ 𝑄𝑔𝑖 ≤ 𝑄𝑔𝑖

𝑚𝑎𝑥  ,   𝑖 =  1,2, … , 𝑁𝑞         ….. (13) 

 

The proposed PSO based method for optimal placement of renewable DG in distribution system is shown 

in Fig. 1. 

 

Fig. 1.  Flowchart of proposed algorithm 

 

3. Research Results 

The single line diagram of IEEE 30 Bus test system is shown in Fig. 2. While grid data and line data 

are shown in Table 1 and 2.  

The CSF all buses of test system were calculated based on Eq. 7. Candidate buses were chosen by 

selecting CSF values more than 0.8. The optimal locations of the DGs could be able to choose by carefully 

looking at all the candidate buses, shown in Table 3. 

PSO 
Optimization   

Method 

Start 

Initialize candidate bus  i = 1 

Initialize the PSO,  iteration = 1 

Modified the particle speed 

Update the particle position 

Calculate fitness 
Find P

best
 and G

best
 

Update iteration 
Iteration = Iteration + 1 

Iteration = Iteration_max 
 ? 

Find G
best

 and best fitness 
  

  
The output of power capacity 

using a chosen G
best

 

End 

The output 
(Location and size of DG)  

No 
Yes 

Read IEEE 30 Bus test system data 

Calculate CSF 

Rank the bus for candidate bus  

Input PSO parameters 
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Fig.2. Single line diagram of Test System 

 

Table 1: Bus Data of IEEE 30 Bus System 



KURVATEK  ISSN: 2477-7870   

 

PSO Based Multi-Objective Optimization for Distribution Planning with Distributed Generation 

(Sugiarto) 

115 

Table 2: Line Data of IEEE 30 Bus System 

 
 

Table 3: Resuls for CSF, Fitness, and optimal DG sizes for candidate buses 

Candidate 

Bus 
CSF Fitness 

DG ize 

(MW) 

10 0,8808 0,9164 11,0680 

11 0,9266 0,9188 11,6445 

15 0,8377 0,9182 11,4582 

17 0,8755 0,9151 10,7347 

18 1,0218 0,9188 11,5198 

19 1,0945 0,9206 11,9289 

20 1,0631 0,9203 11,8929 

21 0,9973 0,9093 9,2237 

22 1,0554 0,9194 11,7708 

23 0,9911 0,9204 11,8984 

24 1,0350 0,9205 11,9112 

25 0,8770 0,9155 10,7875 

26 1,0086 0,9195 11,9082 

30 0,8160 0,9209 11,8938 
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The results obtained for the real power losses and voltage levels was done using Newton-Raphson load 

flow. It can be seen in Table 4 that the presence of the DGs does not effect to deviation of voltage levels 

outside the acceptable limits [13]. Evidently, all of the bus voltages were in the range of 1.0pu to 1.1pu. 

Table 5 shows that renewable DG gave great reduction in real power loss. The percentage real power loss 

reduction was 3,859 MW or 22.02 %. 

 

Table 4: Comparison of Bus Voltage using DG 

Bus 

No. 

Voltage without 

DG (pu) 

Voltage with 

DG (pu) 

1 1,0600 1,0600 

2 1,0430 1,0430 

3 1,0217 1,0251 

4 1,0129 1,0167 

5 1,0100 1,0100 

6 1,0121 1,0152 

7 1,0035 1,0053 

8 1,0100 1,0100 

9 1,0507 1,0544 

10 1,0438 1,0489 

11 1,0820 1,0820 

12 1,0576 1,0592 

13 1,0710 1,0710 

14 1,0429 1,0454 

15 1,0384 1,0433 

16 1,0445 1,0478 

17 1,0387 1,0433 

18 1,0282 1,0381 

19 1,0252 1,0381 

20 1,0291 1,0400 

21 1,0293 1,0348 

22 1,0353 1,0415 

23 1,0291 1,0348 

24 1,0237 1,0315 

25 1,0202 1,0338 

26 1,0025 1,0429 

27 1,0265 1,0323 

28 1,0109 1,0146 

29 1,0067 1,0126 

30 0,9953 1,0012 

 

Table 5: Comparison of Results using DG 

Bus 

No. 

DG 

size 

(MW) 

Power 

Losses 

(MW) 

Power Loss 

Reduction 

(MW) 

Percentage Power 

Loss Reduction 

(%) 

10 11,0680 

13,669 3,859 22,02 19 11,9289 

26 11,9082 

 

4. Conclusion 

This paper showed the implementation of a PSO based algorithm for system loss reduction and voltage 

profile improvement in distribution system by optimizing the location and size of renewable DG units. The 

combined sensitivity factors were formulated and used effectively in reducing the amount of candidate 

placements for renewable DG. As seen from the results of this optimization technique gave great loss 
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reduction considered using this distribution system. The percentage real power loss reduction was 3,859 

MW or 22.02 %. In addition the lowest bus voltage was improved from 0.9953 pu to 1.0012 pu while 

maintaining the highest voltage level at 1.0710 pu. 
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