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ABSTRACT  

Distribution networks planning is a very complex task as it involves the consideration of various important 

issues. A model for optimal planning of a distribution network is presented in detail, using Distributed 

Generation (DG). This paper presented a detailed analysis of the West Delta Network (WDN) as a part of the 

Egyptian distribution network with a 30% increase in system loading. An Oscillatory Particle Swarm 

Optimization (OPSO) technique was used to find the optimal locations and sizes of one DG or multiple DGs 

for achieving the objectives of minimizing total active power losses and system voltage regulation as a 

single-and-multi-objective optimization problem in a distribution network. Several penetration scenarios 

have done to evaluate concentrated (at one location) and distributed DGs (at different locations). The results 

are presented in a comparative form and thoroughly discussed. The obtained results will help in system 

operation with DG integration and identifying the critical penetration levels for the studied system.  

  

Keywords: distributed generator (DG); Optimal DG location and size; Oscillatory PSO (OPSO); WDN.   

 

1. Introduction 

Distribution networks planning is a very complex 

task as it involves the consideration of various 

important issues including costs of different origin, 

technical and ambient imposed constraints and 

customer needs concerning the quality of energy 

delivery [1]. Traditionally, the planning models 

determine the optimal expansion decisions related to 

the increase of installation of branches, substations, 

and transformers [2, 3]. However, the spreading 

growth of distributed generation (DG), mainly due to 

its numerous planning and operational benefits [4], 

necessarily requires the inclusion of this kind of 

generation in distribution planning models [5]. The 

DG units can be considered the most suitable 

enhancement devices for distribution systems that 

reducing the total power losses, reducing green-house 

gas emission, improving the voltage profile and 

system reliability, if they are optimally sized and 

sited [6-8]. So, there has been a significant rise in 

interest by researchers to develop methods to find the 

optimal DG location and size for integrating into the 

networks. 

Major technical approaches for optimal DG 

allocation are categorized as analytical approach, 

classical (non-heuristic) approach, meta-heuristic 

optimization approach, hybrid approach and assorted 

approaches [9, 10]. Analytical techniques are used 

efficiently for small and simple systems, but are not 

suitable for a large systems and complex networks 

[11, 12]. However, various meta-heuristic techniques 

are performing better for extensively large and 

complex networks in terms of accuracy, convergence 

and they can help to find near optimal solutions in a 

more efficient way. The most popular optimization 

approaches for DGs allocation are Genetic Algorithm 

(GA) [13], Particle Swarm Optimization (PSO) [14], 

Ant Colony Optimization (ACO) [15], Harmony 

Search (HS) [16], Simulated Annealing (SA) [17], 

Tabu Search (TS) [18], Artificial Bee Colony (ABC) 

[4], Bat algorithm [19], Ant line optimization [20], 

Firefly algorithm [21] and Cuckoo Search (CS) [22]. 

In this paper, an OPSO algorithm was applied to find 

the optimal DGs allocation for optimal planning to 

WDN as a part of a real distribution system 

considering two objectives: minimizing total active 

power losses, minimizing voltage regulation as a 

single-and-multi-objective optimization problem 

while the equality and inequality constraints are 

satisfied. A comparison between the system 

performance using concentrated and distributed DG 

is presented, illustrating its impacts on system 

performance (system losses and voltage regulation).  

2. Case study: real system 
The WDN distribution system is considered in this 

work which is a part of the Egyptian unified network. 

This network consists of 52-bus and 8 generators 

connected by 108 lines as shown in Fig. 1with the 

data given in [23, 24]. However, the original system 
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is modified by increasing the loads in the system by 

30%. So, the loads become 1156.68 MW, 701.98 

MVAR while generation are 1201.75 MW, 587.57 

MVAR. This modification increases total active 

power losses from 20.37 MW to 45.07 MW, voltage 

regulation from 8.69% to 11.47%. This leads to 

severe deterioration in voltage profile especially at 

buses 18, 20 & 32 (under the minimum limit of bus 

voltage) as shown in Fig. 2, while the minimum and 

maximum limits of voltages at all buses are 0.94 and 

1.06, respectively (the base voltage is 66 kV, whereas 

the base MVA is 100). 
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Fig. 1 Single-line diagram of WDN 

 

 

 
Fig. 2 Impact of load increasing on voltage  

profile of WDN  

3. Problem formulation   

The DG optimal allocation problem is treated as an 

optimization problem and is solved using the recently 

developed OPSO. The problem considered the 

minimization of total active power losses (F1) [25], 

voltage regulation (F2) [26], each objective is 

considered firstly as a single objective and secondly, 

the two objectives are solved as a multi-objective 

optimization problem with different weightings 

according to (3) [27]. 
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Where            , each weight        [   ] and 

F1base, F2base are the total active power losses and 

voltage regulation index for the system without DG. 

Nb is the number of system buses; gij is the 

conductance of the transmission lines between buses i 

and j; Vi and Vj are the voltage magnitude at buses i 

and j, respectively; and θij is the angle difference 

between buses i and j. 

The above problem is subjected to the following 

optimization equality and inequality constraints: 
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where PGi and QGi are the active and reactive power 

generated at bus i, respectively;  PLi and QLi are the 

active and reactive power of the load at bus i, 
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respectively;  PDGi is the active power generated from 

the DG unit at bus i and Gij and Bij are the mutual 

conductance and susceptance between buses i and j, 

respectively;  Nv refers to the total number of 

voltage-controlled buses, NDGs refers to the number 

of DG buses, S
flow 

is the apparent power flow, Smax 

is the MVA maximum of the lines and transformers. 

Superscripts min and max are the lower and upper 

limits of the interested variable. 

4. Optimization technique 

PSO is a population-based stochastic search 

algorithm because of its simple implementation, it 

can converge to the optimal solution in several 

problems where most analytical approaches fail to 

converge and is more effective in preserving the 

variety of the swarm since all particles use the 

information related to the most successful particle in 

order to improve them [28]. Due to these features and 

other features, other techniques of PSO are 

introduced such as: Selective Particle Swarm 

Optimization algorithm (SPSO) [29], Improved PSO 

Based on Success Rate (IPSO-SR) [30], Distance 

based Intelligent PSO (DbIPSO) [31] and other 

techniques. Recently, the particle has been derived 

into oscillatory trajectories such that the search space 

can be covered more completely from high to low 

dimensions leading to Oscillatory PSO (OPSO) 

which is a modified version of PSO [32]. It performs 

an analysis based on the difference equation to detect 

conditions that guarantee trajectory oscillation and 

fast solution convergence. In OPSO, the particle 

position and velocity are updated using the following 

difference equation: 
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Where, v
j,d

 and x
j,d

 are the velocity and position of the 

particle; 𝑏𝑝𝑇
𝑖 𝑑  and 𝑔𝑝𝑇

𝑖 𝑑  are the personal best 

position of individual particle j and global best 

position of all particles; T is referred to iteration 

number; j denotes the jth particle in the swarm of M 

particles, d denotes the dth dimension of the particle; 

w is the inertia weight; c1 and c2 are random 

cognitive and social learning factors and often equal 

2. PSO and OPSO are executed on the WDN 

distribution network to find the optimal DG location 

and size. Table 1 shows a comparison between the 

results obtained from PSO and OPSO and Fig. 3 

shows the conversion characteristic of OPSO and 

PSO which demonstrate the effectiveness of using the 

OPSO than PSO due to the previous mentioned 

advantages. 

 

Table 1- Comparison between PSO and OPSO 
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Fig. 3 Convergence characteristics of PSO and OPSO 

5. Simulation results and discussion  

The OPSO optimization algorithm is applied to 

obtain the optimal location and size of the DG in the 

WDN and the following scenarios have been 

considered: 

Scenario 1: In this scenario, the minimum and 

maximum limits for the DG penetration level are 5 

MW and 360 MW (by about 30%). The OPSO 

algorithm is implemented to find the optimal DG 

location and size in case of concentrated at one 

location or distributed at several locations. Table 2 

summarizes the optimal allocation of the DG. The 

following two cases have been considered to find the 

optimal allocation based on minimizing total active 

power losses (case 1) and minimizing voltage 

regulation (case 2) at each case the voltage deviation 

index is calculated from (12) [33]. 
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                                (12) 

  Where Vrated is the rated voltage and equal 1pu. The 

minimum value of VDI is preferred. 

These results illustrating the following points: 

 

 Optimal allocation based on minimizing the total 

active powerlosses, case-1, reduces the total active 

power losses by about 62.85%, 72.93% and 

72.48% using one, two and three units 

respectivelycompared with the base case as shown 

in Fig. 4. Voltage regulation remains constant at 

11.47% using one unit, decreased to 9.53% using 

two units and reached 10.17% using three units. 

The VDI decreased with increasing the units until 

two units and then increase with the three units. 

 

 Optimal allocation based on minimizing the 

voltage regulation, case-2, reduces the voltage 

regulation from 11.47% to 9.65%, 9.53% and 

9.44% using one, two and three units, respectively 

as shown in Fig. 5. The total active power losses in 

case of one unit increased to a value of 47.87 MW 

which is greater than the base case. The total active 

power losses decreased by small percentages 

(3.35% and 22.25%) using two and three units 

respectively compared with the base case. The VDI 

decreased with increasing the units. 

 

 Regarding the reduction of system losses, the 

optimal location is bus-44; but for the reduction of 

voltage regulation the optimal location is bus-18 in 

case of concentrated at one unit. 

 

 Fig. 6 shows the system voltage profile for the base 

case and one unit of case 1 and case 2. This figure 

shows, that the voltage profile has been improved 

with integrating the DG in bus-18 (case 2). 

 

 Figs. 7 and 8 show the convergence characteristics 

of total active power losses minimization (one unit 

of case-1) and voltage regulation minimization 

(one unit of case-2), respectively which make sure 

that the OPSO technique has excellent convergence 

characteristics. 
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Fig. 4- Total active power losses for Case 1 
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Fig. 5- Voltage regulation for Case 2 

 

Fig. 6- System voltage profile for base case, case 1 

and case 2(one unit) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7- Convergence characteristic of case 1  
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Fig. 8 Convergence characteristic of case 2 (one unit) 

Scenario-2: The optimization problem is solved as a 

multi-objective problem by weighted sum method as 

in (3), case 3. Table 3 shows the results of 

minimizing the weighted multi-objective by OPSO 

algorithms. This table shows the values of objective 

functions (total active power losses (F1) and voltage 

regulation (F2)) and the according DG allocation for 

all 9 optimal solutions. The objective F1 is inversely 

proportional to objective F2. To minimize the F1, put 

the DG at bus-44 but to minimize the F2, put the DG 

at bus-20 
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Table 3- Results of minimizing the weighted multi-

objective using OPSO 
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1 1 0 16.74 11.47 44 103.85 

2 0.8 0.2 16.74 11.47 44 103.85 

3 0.6 0.4 16.74 11.47 44 103.85 

4 0.5 0.5 16.74 11.47 44 103.85 

5 0.4 0.6 16.74 11.47 44 103.85 

6 0.3 0.7 16.74 11.47 44 103.85 

7 0.2 0.8 33.68 9.81 20 113.68 

8 0.1 0.9 35.09 9.75 20 131.74 

9 0 1 53.13 9.65 22 211.7 

 

For this analysis, total active power losses have the 

higher weight, since it is important in many 

applications of DG and it has direct impact on the 

system economy so, the weights were selected as 

follow: w1=0.6, w2=0.4. Table 4 shows the results of 

optimal DG allocation in case of concentrated at one 

unit and distributed at two or three units for case 3. 
 

This result illustrating: 
 

The total active power losses reduced by about 

62.85%, 69.27% and 74.21% using one, two and 

three units respectively compared with the base case. 

Voltage regulation remains constant at 11.47% using 

one unit, decreased to 9.53% using two units and 

reached 9.53% using three units. The VDI decreased 

with increasing the units 

 

 

 

 

 

 

 

 

Table 4- Results of multi-objective case 
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Scenario-3:Comparison between concentrated (C-
DG) and distributed (D-DG) DGs with different 
penetration levels as shown in Fig. 9. Figs. 9a, 9b 
show the total active power losses and the voltage 
regulation versus penetration level respectively. These 
Figures show the comparison between three cases: 
when C-DG is connected to bus-44 or bus-20 and D-
DG between buss-44, 20 and demonstrates that; 

 For all penetration levels, the DG location at bus-
44 is better than bus-20 from the view point of 
minimizing total active power losses, but when look 
to the voltage regulation, bus-20 becomes more 
suitable than bus-44. 

 At low penetration levels up to 10%, both C-DG 
and D-DG produce the same active power losses 
while at high penetration levels, D-DG is better than 
C-DG. From the point view of Fig. 9b, the voltage 
regulation decreased when DG concentrated at bus-20 
until 25% penetration level and also it decreased in 
case of distributed DG between the two buses. 

 At all penetration levels the D-DG is better than 
the C-DG as it has minimum active power losses and 
voltage regulation. The results confirmed that there is 
an optimal penetration level for minimum losses and 
voltage regulation, and after this level the 
performance of the system turns to be bad and these 
factors increase again. 
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(a) Total active power losses versus penetration 

level 

 
(b) Ije.rht mth.er. jj ntm/./ btjt.mr. jj etnte 

Fig. 9- Impact of C-DG and D-DG integration on 

system performance 

 

6. Conclusions   

The optimal planning of a part of a distribution 

network in Egypt was solved by using DG units. 

OPSO has been used to solve the problem of finding 

the optimal DG sites and sizes due to its various 

advantages that include fast convergence 

characteristics of the fitness function and capabilities 

for treating complex problems. The effectiveness of 

the proposed technique is tested on the West Delta 

Network (WDN) as a part of the Egyptian unified 

network with 30% increase in system loading. The 

OPSO is used to minimize total active power losses, 

minimize voltage regulation where each objective is 

treated as a single objective and when the allocation 

problem is treated as a multiobjective. The results 

illustrated that optimal allocation of DG leads to 

reduce the active power losses, improve voltage 

regulation and minimize voltage deviation. It has 

been demonstrated that the first objective used led to 

the optimum site which is bus-44, the second 

objective used led to the optimum site which is bus-

20 or 18   when considering concentrated DG at one 

site. Also, in distributed DG increasing the number of 

locations reduces the active power losses until a 

certain number and then increase again. Several cases 

were studied to differentiate between C-DG and D-

DG. For low penetration levels, the C-DG is better 

than the D-DG but with small difference. For high 

penetration levels, the D-DG is better than the C-DG 

in terms of minimizing active power losses as well as 

voltage regulation. The results presented in the paper 

are of importance to electric power system engineers 

forming a good based during the planning and 

operation stages. 
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