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ABSTRACT 

This paper optimally sizes and places DGs appropriately based on voltage stability indicators as 

well as power loss reduction indicator. The DG operating modes were also considered for power 

quality improvement. Since the problem involves optimization of these indicators, a new hybrid 

optimization method that integrates two well established techniques is proposed. The proposed 

technique modifies conventional PSO using Evolutionary Programming concept to improve the 

search process for better optimization results. The Modified PSO algorithm achieves better 

results when tested on IEEE 33- bus distribution systems. The results obtained shows that as load 

increases, the voltage stability indicator gives the best optimal DG size and minimum power 

losses for all the DG operating modes.  

 

Keywords: Distributed generation, Evolutionary programming algorithm, particle swarm 
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1.0 INTRODUCTION 

Optimal allocation of DG involves 

not only allocation but also the sizing to an 

appropriate location in the distribution 

network. The location plays a significant 

role in the minimization of power losses in 

the network and for that reason a lot of 

literature exists on  optimal allocations that 

deals with complex optimization problems 

using different optimization methods both 

classical and heuristic methods. Generally 

the classical methods are based on 

unrealistic assumptions in practical sense 

when implementing them. For example in 

Ahmed and Cristian, (2017), a linear model 

for optimal DG size prediction was recently 

developed based on coupling between 

active power, voltage angle and reactive 
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power. The proposed method is capable of 

predicting approximate optimal size of DG 

when compared with precision calculations. 

However, apart from the fact that the 

predictions cannot guarantee optimal sizes 

of the DGs, because the reactive power 

flow in lines is ignored and all voltage 

values are assumed to be 1per unit.  Also 

despite the information available voltage 

stability of the system is never evaluated to 

determine the extent of the system stability 

as DG penetration increases. This usually 

leads to erroneous solutions especially 

when load profile is assumed to be 

uniformly, increasingly, and centrally 

distributed (Al Abri, et al., 2013, Kola, 

2018).  The heuristic method is iterative 

process that guide in efficient finding of 

optimal or near optimal solutions. It has 

become the most efficient search methods 

that have been successful for solving 

optimization problems in not only optimal 

allocation but in diverse areas that require 

improvement in performance. Recent 

researches have paid a lot of attention on 

heuristic methods due to the advantages 

associated with technique just as in (Devi 

and Geethanjali, 2014; Devabalaji et al., 

2015; Mohammad et al., 2016), where a 

Bacterial Foraging Optimization algorithm 

is employed for the reduction of total power 

loss and improvement on the voltage profile 

of radial distribution systems.  However, 

apart from the fact that the proposed 

algorithms have high computational 

burden, they also cannot guarantee optimal 

sizes and best locations.  Another new 

population-based optimization technique is 

that of Artificial Bee Colony algorithm that 

was employed for the determination of 

optimal DG location, size and load power 

factor in order to minimize the system real 

power loss (Abu-Mouti and El-Hawary, 

2011).  This algorithm even though is good 

for the minimization of power loss but has 

tendency of converging towards local 

minima for large size distribution network. 

As a follow up to this, Sheng (2015)   

developed an improved non-dominated 

sorting genetic algorithm-II
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for optimal planning of multiple DG in 

distribution network. This proposed 

algorithm was used to solve multi-objective 

planning problem. In another work Aman et 

al., (2013), PSO algorithm was found to be 

more advantageous when used in solving 

multi-objective optimization problem when 

compared to other previous works in terms 

of power system losses, voltage profile 

improvement and maximization of bus and 

line voltage stability (Kefayat et al., 2015; 

Mohan and Albert , 2017). The recent 

improvement in terms of algorithms 

performance was achieved through hybrid 

configuration of ant colony optimization 

(ACO) with artificial bee colony (ABC) 

algorithm (Modarresi, 2016). This hybrid 

configuration called ACO–ABC algorithm 

is deployed for optimal allocation of 

distributed energy resources in radial 

distribution systems. 

In this paper a new hybrid algorithm is 

proposed   that combines PSO algorithm 

with Evolutionary programming (EP) 

algorithm for the improvement of the PSO 

performance during the placement of DG in 

order to reduce active power losses and 

improve voltage stability in distribution 

network. The results from the modified 

PSO demonstrated effective performance in 

solving DG placement problem.  

2.0 PROBLEM FORMULATION  

Connection of DG to networks 

necessitates voltage stability assessment for the 

purpose of operation and control as load 

increases the network. The voltage stability 

index is usually employed as an assessment 

tool for system sensitivity to voltage 

collapse point. However, most of the 

studies have only focused on the 

sensitiveness of reactive power only to 

voltage collapse. A slightly different 

approach is proposed in this study since in 

the near future electric vehicle charge 

stations (CS) are the anticipated new loads 

in existing networks. Hence the study 

proposes a formulation that will include 

active power called P-VSI. The proposed 

formulation is employed to assess the 
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sensitivity of active power with respect to 

the bus voltages.  

This proposed VSI is dependent on real 

power of the receiving bus, impedance of 

the line and power angle. The assessment 

concept of this indicator requires the value 

of the VSI to be less than unity and if equal 

to unity the network is at critical point while 

if it is greater than unity, the system has 

already collapsed. The expression for the P-

VSI indicator as expressed in Vladimiro 

and Nuno (2011); 

𝑃 − 𝑉𝑆𝐼

=
4𝑃2𝑅12|𝑍12|

(𝑋12𝑆𝑖𝑛 𝛿12 + 𝑅12𝐶𝑜𝑠 𝛿12)2𝑉1
2                      (1) 

                                                                        

Similarly reactive power VSI can 

expressed in the same format as P-VSI 

which is referred here as Q-VSI and is 

expressed as: 

𝑄 − 𝑉𝑆𝐼

=
4𝑄2𝑋12|𝑍12|

(𝑅12𝑆𝑖𝑛 𝛿12 + 𝑅12𝐶𝑜𝑠 𝛿12)2𝑉1
2                      (2)

 

where the parameters 𝑋12, 𝑅12, 

𝑍12,  𝛿12 𝑎𝑛𝑑 𝑉 are the line reactance, line 

resistance, line impedance, voltage angle 

and bus voltage   respectively. Even though 

reactive power (Q) has significant influence 

on voltage value, the impact of incremental 

CS on active power demand plays a very 

vital role in the assessment of VSI despite 

the fact that the CS load is DC load. The 

study will therefore investigate whether the 

Q-VSI will still give a good indication of 

voltage collapse for system under such 

varying load conditions. 

Apart from the P-VSI and Q-VSI the 

concept of C-VSI also exist which is the 

sum of the maximum values of P-VSI and 

Q-VSI together. The formulation for the 

new C-VSI in the network is: 

𝐶 − 𝑉𝑆𝐼𝑖𝑛𝑐

= [
4𝑃2𝑅12|𝑍12|

(𝑋12𝑆𝑖𝑛 𝛿12 + 𝑅12𝐶𝑜𝑠 𝛿12)2𝑉1
2]

𝑀𝑎𝑥−𝑖𝑛𝑐

                                                               

+ [
4𝑄2𝑋𝑙2|𝑍𝑙2|

(𝑅12𝑆𝑖𝑛 𝛿12 + 𝑋12𝐶𝑜𝑠 𝛿12)2𝑉1
2]

𝑀𝑎𝑥−𝑖𝑛𝑐

  (3) 

The power losses reduction (PLR) which is 

the objective for placement is given by the 

following expression; 
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𝑃𝐿𝑅𝑖 = − ∑ (2𝐽𝐼𝑖𝐼𝐷𝐺 + 𝐽𝐼𝐷𝐺
2 )𝑅𝑖      (4)

𝑛

𝑖=1
 

The usual operation mode of DG which is 

constant voltage mode (PV mode) and 

constant power mode (PQ mode) are used 

on the VSI and power losses analyses. In 

PV mode the reactive power injected by the 

DG into the network is responsible for 

maintaining the voltage at the rated level 

while in PQ mode the DG doesn’t supply 

any reactive power. However, the PQ mode 

is a capable of supplementing active power 

requirement when load increases.  

3.0 MODIFIED PSO ALGORITHM 

The Particle Swarm Optimization inventors 

( Kennedy and Eberhart) have right from 

the time of introduction recognised that 

PSO and EP concept have a lot of similarity 

even though no further consequential 

information extracted from the issue, 

instead a lot of research efforts were geared 

towards the improvement of their algorithm 

regarding the particle movements in space 

(Modarresi, 2016). Others have attempted 

to match evolutionary and particle swarm 

concepts together. In this regard authors in 

Vladimiro & Nuno, (2001) have tried to 

link PSO and EP computing in some 

adaptive techniques to the swarm type’s 

algorithms. The area of power system has 

received a lot of attention by many 

researchers towards blending the two 

algorithms for improvement on their 

convergence properties (Bergh & 

Engelbrecht, 2001; Capitanescu et al., 

2009).  

In line with the need for the improvement 

of convergence and accuracy in results, a 

modification of the conventional PSO using 

some EP concept is proposed. The 

modification in the PSO machinery 

involves use of competition and selection 

process in EP algorithm. The competition 

process in EP is employed for the particles 

to compete with each other in the 

population. After that the particles are then 

sorted based on their score during the 

tournament in descending order. The 

highest winners at the top are selected as 

survivals for use during the next iteration. 

These new positions of the survivals that 
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are used as the new Pbest and the best 

position with the highest score will be 

considered as Gbest.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.0 Modified PSO Algorithm for DG placement and sizing
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After that the new positions are then 

subjected to convergence test which if it did 

not converged the process is repeated again 

by calculating new velocity and position for 

the process to continue. If however 

convergence is achieved or iteration has 

reached maximum the process is stopped 

and results for the iteration is returned. The 

modified PSO algorithm for proposed DG 

sizing is as shown in figure.1.0 with all the 

necessary steps involved in the flow chart. 

4.0. SIMULATION RESULTS   

To illustrate the effectiveness of the 

proposed Modified PSO hybrid optimization 

algorithm, an IEEE-33 bus radial 

distribution system with total load of 3.72 

MW and 2.3 MVAr was used. Simulation 

results were obtained using the MATLAB 

simulator and the optimal locations and sizes 

of DG unit are established based on the VSI 

and PLR. In this study three indicators are 

employed for determining optimal 

locations of the DG as CS loading 

increases. The locations are determined 

based on PLR value and sizes are optimized 

by employing MEPSO algorithm for 

minimum power losses in the network. Also 

the DGs are operated based on the two types 

of operation modes. 

 Figure 2.0 shows the optimal DG 

sizes obtained by employing the proposed 

MEPSO algorithm for the two operating 

modes. The result shows that the optimal 

DG size differs for the two operating modes 

even when the location is the same. This is 

typically observed when the load is one unit 

of CS, the optimal size for PQ mode is 

2.2443MW for all the three indicators as 

against PV mode in which the optimal size 

for the indicators is 2.1331MW. The 

situation differs when the CS loading is 

increased to two units, the sizes differs for 

the three indicators in the two operating 

modes.  
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Figure 2.0 Optimal sizes for DG operating in: (a) PQ mode and (b) PV mode 

However, for the case when the 

number of CS units is increased to three, the 

DG sizes also increased except for the case 

when the allocation was based on PLR in 

which the size drops to a value lower than 

the case when the CS loading is only two 

units operating in PQ mode. The size of DG 

could not be determined for allocation 

based on the same indicator under this load 

condition when the DG is operating in PV 

mode. In this case the power flow solution 

did not converged (NC) and no result was 

returned at the end of the iterations. This 

situation indicates that the DG cannot 

operate in PV mode under such load 

condition for allocation based on PLR 

value.  From this analysis under such load 

condition the PV operating mode gives the 

optimal DG size for allocation based P-VSI  

The optimal DG locations results 

are shown in Tables. 1.0, 2.0 and 3.0 based 

on the increasing load conditions. It can be 

observed that the allocations based on all 

the indicators is bus 6 for both PV and PQ 

operated DG when the CS loading is only 

one unit. 
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Table 1.0 DG placement based on P-VSI, C-VSI and 

PLR for one unit of CS 

Allocation based on DG operating mode 

 PQ (MW) PV (MW) 

P-VSI 2.2433@6 2.1337@6 

C-VSI 2.2432@6 2.1337@6 

PLR 2.2433@6 2.1337@6 

 

As indicated in Table 2.0, the CS loading is 

increased to two units, the optimal location 

changes to bus 8 for P-VSI allocation and 

to bus 7 for PLR allocation in the two 

operating modes. However, when the 

allocation was based on C-VSI value the 

optimal location still remains at bus 6 for 

both operating modes.  

 

Table 2.0 DG placement based P-VSI, C-VSI and PLR for two units of CS 

Allocation based on DG operating mode 

PQ (MW) PV (MW) 

P-VSI 3.2275@8 2.0926@8 

C-VSI 3.2871@6 3.0726@6 

PLR 3.1465@7 2.4653@7 

 

For the three CS units loading as shown in 

Table 3.0, the allocation based on P-VSI 

and C-VSI maintains  the optimal locations 

at bus 8 and bus 6 respectively, while 

allocation based on PLR changed to bus 11 

in PQ operating mode and no location for 

PV mode for the same case.   
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Table 3.0 DG placement based on P-VSI, C-VSI and PLR for three units of CS 

Allocation based on DG operating mode 

PQ(MW) PV (MW) 

P-VSI 3.6545 @8 3.4200 @8 

C-VSI 3.2871 @6 3.0726 @6 

PLR 2.6873 @11 NC 

 

Further analysis on power losses reduction 

based on these indicators as CS load grows 

is as shown in Figure 3.0 for DG operating 

in PQ mode. The initial loss significantly 

increases as CS loading increases.

             

Figure 3.0   Power loss reduction for DG operating in PQ mode as CS load grow 
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mode, the power losses are found to be 

lower than PQ for all the three indicators. 

The allocation based on C-VSI presented 

minimum power losses for the two load 

conditions. Comparing the two operating 

modes under the load conditions, PV mode 

produces the minimum power loss when the 

allocation is based on P-VSI.  
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Figure 4.0    Power loss reduction for DG operating in PV mode as CS load grow 

 

 For the purpose of comparison of the 

indicators performance for the two 

operating modes of the DG, Table 4.0 

presents the best indicator in terms of 

optimal size and minimum power losses for 

the two operating modes under varying load 

conditions.  

Table 4.0 Comparison for optimal DG sizes and minimum power losses 

Indicators DG optimal size Minimum power losses 

PQ PV PQ PV 

P-VSI ✔ ✔   

C-VSI   ✔ ✔ 

PLR ✔  ✔  

*Note “✔” – the best indicator

It may be observed that for PQ operating 

mode the optimal DG size is best indicated 

by use of P-VSI and PLR indicators, while 

if operated in PV mode P-VSI is the best 

indicator.  Also for minimum power losses 

the best indicator for both PV and PQ 

operated DG is C-VSI. In another context, 

the PLR indicator can still be a good 

indicator for PQ operated DG.  

4.1 Validation with existing literatures 
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solutions obtained based on PSO 

algorithms that were not modified as 

presented by Kansal et al., (2013) and 

Prakash and Lakshminarayana (2016). All 

the two studies basically considered PQ and 

PV DG units placement for power loss 

reduction. Table 4.1 summarizes the 

optimal solutions achieved by the methods.  

Table 4.1 Comparison of DG size and power loss reduction 

Authors Optimal 

location 

DG sizes 

(MW) 

Active power loss (KW) % Power loss 

reduction Without DG With DG 

Kansal 6 3.150 211.00 115.29 45.36 

Prakash 6 2.589 210.99 110.99 47.39 

Proposed MPSO 6 2.243 209.98 91.30 56.52 

As Observed from the table, the results in 

terms of optimal placement of the DG-unit 

were identical. The optimal size of DG by 

the proposed MPSO approach is 

significantly small as compared to the other 

heuristic approaches but with significant 

increase in the percentage power loss 

reduction. This therefore shows that the 

proposed method produces a better optimal 

size at the same location with improved 

power losses in the network due to the DG 

presence and improved optimization 

method. 

5.0 CONCLUSIONS 

In this paper a hybrid of evolutionary 

programming and PSO have been 

formulated into what is called a Modified 

PSO algorithm for DG placement and 

sizing using VSI and power loss reduction 

as indicators. It is clear that based on the 

results presented that when the load issmall 

none of the indicators can offer optimal DG 

size and minimum power losses. If 

however, the load increases the P-VSI 

indicator gives the optimal DG size and 

minimum power losses for both PV and PQ 

operating modes of the DG. 
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In another context PLR indicator was found 

to be the best indicator for the same DG 

units operating in PQ mode as the power 

loss reduction was improved to 56.52% 

when compared to other conventional PSO 

algorithms. 
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