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Abstract: 

 This paper presents, Ant Lion Optimizer (ALO), Flower Pollination algorithm (FPA), Whale Optimization Algorithm (WOA), Satin Bowerbird 

Algorithm (SBO) and Moth Swarm Optimization(MSA) for determining the optimal location and sizing of DGs to minimize power losses in radial 
distribution networks(RDN) and improve the voltage profile. DGs operating at different power factors are considered that is (unity and optimal). The 

maintenance, operation and investment costs are formulated to form the total costs of DGs and also all the profits that DG Owner‟s (DGOs) are 

considered at the same time.  The proposed methods are implemented on IEEE 33, 69 and 119-bus test systems and the obtained results of the 

proposed methods are compared with other popular methods available in the literature for validation purpose. 

 :ملخصال

وقذ تى استخذاو خىارسيياخ يتعذدج يثم انًُم  يقذو هذا انثحث دراسح تحذيذ انًىقع الأيثم نهًىنذاخ انًىسعح في َظى انتىسيع انُصف قطزيح تاستخذاو تقُياخ يختهفح نلأيثهياخ. 

ارسييح عثح سزب انههة نتحذيذ انًكاٌ الأيثم نتزكية انًىنذاخ انًىسعح ، خىارسييح انطيىر انلايعح، وخىالأسذ انًحسٍ، خىارسييح سهزج انتهقيح، خىارسييح انحىخ الأيثم

ح. وقذ تى يقارَح انُتائج انتي تى نهحصىل عهى سزياٌ قذرج أيثم في َظى انتىسيع انُصف قطزيح. وقذ تى تطثيق خىارسيياخ انتحسيٍ انًذكىرج انًختهفح عهى أَظًح تىسيع يختهف
ختهفح. انحصىل عهيها يٍ خىارسيياخ انتحسي  ٍ انً

 Keywords : Optimization Algorithm, distributed generation, Radial Distribution system, power losses reduction. 

 

I. INTRODUCTION 

Optimization techniques have become more popular in the last 

two decades, and extended to cover different areas of study. 
Genetic algorithms (GA), Ant colony optimization (ACO), and 

particle swarms optimization (PSO) are the most well-known 

techniques from meta-heuristic optimization techniques. These 

techniques are the most used optimization techniques due to 

their simplicity, flexibility, derivation free mechanism, and local 

optima avoidance. The meta-heuristic optimization techniques 

have different advantages makes them the first choice for 

solving optimization problems. Their simplicity comes from 

being reveal of natural phenomena, animals behaviors, or 

evolutionary concepts. Moreover, they can be applying simply 

to different optimization problems without any change in 

algorithm structure, and they are the most suitable optimization 

techniques for real problems. Different modification techniques 

have been introduced to enhance the performance of (PSO) [1]. 

     In recent years, the penetration of distributed generator (DG) 

into distribution systems has been increasing rapidly in many 

parts of the world.  The main reasons for the increase in 
penetration are the liberalization of electricity markets, 

constraints on building new transmission and distribution lines, 

and environmental concerns [2]–[3]. Technological advances in 

small generators, power electronics, and energy storage devices 

for transient backup have also accelerated the penetration of DG 

into electric power generation plants [4]. At present, there are 

several technologies used for DG applications that range from 

traditional to nontraditional technologies. The former is 

nonrenewable technologies such as internal combustion engines, 

combined cycles, combustion turbines, and micro turbines. The 

latter is renewable technologies such as solar, photovoltaic, 

wind, geothermal, ocean, and fuel cell. The main advantages of 

using renewable-energy-based DG sources are the elimination of 

harmful emissions and inexhaustible resources of the primary 

energy. However, the main disadvantages are relative low 

efficiency, high costs, and intermittency [5], [6]. Grey wolf 

optimizer (GWO)is used to minimized load buses voltage 

deviations and system power losses[7].novel Moth Swarm 

Algorithm (MSA), used to solve constrained Optimal Power 
Flow (OPF) problem[8]. 

        The present work is aimed to develop Ant Lion Optimizer 

(ALO), Flower Pollination algorithm (FPA), Whale 

Optimization Algorithm (WOA), Satin Bowerbird Algorithm 

(SBO) and Moth Swarm Optimization (MSA) to find the 

optimal sizing and locations of the DGs for power losses 

minimization and to enhance bus voltages profile in radial 

distribution network. The maintenance, operation and 

investment costs are formulated to form the total costs of DGs 

and also all the profits that DGOs are considered at the same 

time. The simulation work carried on 33-bus, 69-bus and 119-

bus radial distribution systems and the effectiveness of the 
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proposed algorithms are validated with the other optimization 

methods. 

        In this paper, different test scenarios are considered with an 

aim to quantify the benefits for distribution networks with the 

optimal placement of DG units with real power injection (Type-I 

DG units) as well as real and reactive power injection 

capabilities (Type-III DG units).  

 

II. PROBLEM FORMULATION 

 
      One advantage of deploying a DG-unit in distribution 

networks is to minimize the total system real power loss while 

satisfying certain operating constraints. In other words, the 

problem of DG-unit application can be interpreted as finding the 

optimal sizing and locations of those DG-units to satisfy the 

desired objective function subject to equality and inequality 
constraints. Reliability, accuracy, and flexibility of the DG-unit 

solution are obtained. Therefore, the overall algorithm accuracy 

is highly reliant on that analysis. It can be said that, the power-

flow analysis is the heart of the DG-units solution algorithm.  

A. Objective Functions 

 

A.1. Total active power losses 

 

The radial distribution networks include series impedances to 

represent the distribution lines, balanced power sinks and 

constant power loads to form a symmetrical network. The 

simplified recursive Eqs (1)–(3) are used to get the load flow 

solution in the RDN .The active and reactive power flows at the 

terminal node of i+1th branch can be mathematically stated as 

[9]: 
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Where Pi+1 is real power flows out of node i+1, Qi+1 is 

reactive power flows out of node i+1, Ri;i+1 is resistance of line 
between nodes i and i+1, Xi;i+1 is reactance of line between 

nodes i and i+1, Pi;i+1 is active power flows out of node i to node 

i+1, Qi;i+1 is reactive power flows out of node i to node i+1,P
L

i+1 

is real power load demand at node i+1, Q
L

i+1 is reactive power 

load demand at node i+1, αPDG is active power multiplier which 

is equal to zero if there is no active power injection source or 

equal to 1 if any active power injection source (DG unit) is 

present and αqDG is reactive power multiplier which is set to zero 

if there is no reactive power injection or set to 1 if any reactive 

power injection sources (Type-III DG unit) are present. 

Current flows through the branch between the nodes i and 

i+1 is computed as [9] 
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Where Ii, i+1 is current flows between the nodes i and i+1. 

Power loss associated with the branch between the nodes i and 

i+1 may be computed as [9] 
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The summation of power losses related with the real and 

reactive part of branch current magnitude in all the branches of 

the RDN as indicated in Eq. (6). 
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Where PlossT total power loss in the RDN without DG‟s 
 

        This study aims to minimize the real power loss by 

reducing the real and reactive currents by injecting real and 

reactive power with the aid of DG units of suitable ratings 

placed at appropriate locations. Power loss lays between the 

nodes i and i+1 after the placement of DG units is computed as, 
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Total power loss of RDN after compensation with DG is 

computed as, 
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Where nb is total number of branches in the RDN, P
DG

 loss( i,i 

+1) is real power loss in the branch connected between nodes and 

i+1 with DG‟s and P
DG

lossT  is total power loss in the RDN with 

DG units. 
 

The objective functions for finding the appropriate locations, 

sizes of the DGs to minimize the total power loss of RDN and 

improve the voltage profile are expressed as 

 

Obf =F1= Minimize (PlossT)                                        (9) 
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Where nn is the total number of the bus, Vni and Vrated are the 

minimum voltage at bus ni and rated voltage (1 p.u.) respectively  

A.3. DG Owner’s Cost and Profit Functions 

        To modeling cost and profit functions, the optimization 
methods must be applied to find the optimum value of the 

planning parameters for the DG‟s sizes, locations and the 

electricity contract price between the DG owner and the DisCo. 

So that the following cost and profit functions can be defined for 

the DG owner as follows [10]: 

A.3.1. Investment Cost: This cost contains the different initial 

costs, such as the amount of money spent on unit construction, 

installation, and essential equipments. For each unit of 

generation, this cost can be formulated as the following 

equation: 
 

            ∑                       
   
                            (11) 

Where i denotes the distributed generation index, PDG,i denotes 

the active power generated by the i the unit,              denotes 

investment cost of DGs (U.S.$/MW) =318000.$ /MW.  
 

A.3.2. Operational Cost: Costs of fuel, generation, and other 

similar ones can be combined together as the operational cost. 

The equation for modeling the present worth of this cost is as 

follow: 
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Where, j denotes the year index,              denotes operational 

cost of DGs (U.S.$/MW) =29.$/MW [ 10].  
 

A.3.3. Maintenance Cost: This term includes costs of renewing,  

repairing, and restoring unit equipment in case of necessity. The 
present worth of this cost can be formulated as follow: 
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Where,               denotes maintenance cost of DGs 
(U.S.$/MW) =7.$/MW [ 10 ].  

 

A.3.4 DG Owner‟s Income: The DG owner gains profit from 

selling generated power to the DisCo based on the contract 

price. The present worth of the DG owner‟s income is: 
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Where,       denotes Contract price of selling DG power 

between the DG owner and the DisCo (U.S.$/MWh),     

denotes capacity factor of DG units = 1,    denotes Total 
number of hours in a year (in hours). It is assumed that the 

interest rate and the inflation rate are 12.5% and 9%, 

respectively[10]. . 

B. Constraints 

Constraints and Limitations: This optimization problem 

is subjected to various constraints as follows. 

B.1. Generation constraints: For stable operation, real power 
outputs and reactive power outputs are restricted by the lower 
and upper limits as follows [11]: 
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Where,         are active and reactive generated power of bus i 

,    
       

    are the minimum active and reactive generated 
power of bus i and    

       
   are maximum active and reactive 

generated power of bus i. 

B.2. Bus Voltages Limits: At each node of (RDN), the bus 
voltage magnitudes should be maintained within the prescribed 

operating ranges as follows:  
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Where   
                  

        pu 

 

      In this section, the objective functions and their related 

constraints for solving this optimization problem are introduced. 

 
III. PRELIMINARIES OF PROPOSED ALGORITHMS 

 

A. Ant Lion Optimizer 

          The ALO [12] is a metaheuristic algorithm which 

simulates the interaction between ants and ant-lions in the trap. 

This algorithm is characterized as a three-tuples function, ALO 

(A1; A2; A3), that approximates the global optimum for 

optimization issues. These tuples A1, A2 and A3, are formally 

defined as follows, respectively: 

φ    
A1

      {GAnt; GOA; GAntlion; GOAL}                  

{GAnt, GAntlion}    A2     {GAnt, GAntlion}      

{GAnt, GAntlion}    A3     {true, false}                    

 

      Where GAnt is the ants‟ position matrix, GAntlions contains 

the ant lions‟ position, GOA includes fitness of ants, and GOAL 

has ant lions fitness. In this algorithm the ant lion matrices are 

randomly initialized utilizing the function A1. The position of 
each ant with respect to an ant lion is chosen by the roulette 

wheel operator while the elite is updated by the function A2 in 

each iteration. The position updating the boundary is first 
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characterized relative to the current iteration number. The 

position is then updated by two random walks around the chosen 

elite and ant lion. The points, when every ant randomly walks, 

are estimated by the fitness function. In the event that any of the 

ants become to be fitter than whatever other ant lions, in the next 

iteration, their positions are considered as the new positions for 

the ant lions. The best ant lion is contrasted to the best ant lion 

obtained while optimization (elite) and replaced in the event that 

it is fundamental. These steps iterative until the function A3 
returns false. The pseudo codes the ALO calculations are 

characterized as shown in Fig.1: 

 
Algorithm A.  Ant Lion Optimizer (ALO) 

1) Initialize a population of n ant-lions and ants at random.  

2) Compute the ant-lions and ants fitness. 

3) Locate the best ant-lions and suppose it is the elite. 

4) While the end criterion is not satisfied. 

           for each ant. 

           Choose an ant-lion utilizing Roulette wheel.      

           Generate a random walk and normalize it. 
           Update the position of ant. 

           end for 

           Compute the fitness of all ants. 

           Substitute an ant-lion with its comparing 

           ant if the ant is fitter. 

           Update elite if an ant-lion gets fitter than 

                the elite.  

5) end while 

          6)    Return elite 
 

Fig .1: Pseudo code of the proposed Ant Lion Optimizer (ALO) 

 

B. Flower Pollination Algorithm (FPA) 

      Flower Pollination Algorithm (FPA) was founded by Yang 

in the year 2012. Inspired by the flow pollination process of 

flowering plants are the following four steps are used [13]: 

 
Step 1: Global pollination represented in biotic and cross 

pollination processes, as pollen-carrying pollinators fly 

following Lévy flight [14]. 

 

Step 2: Local pollination represented in a biotic and self 

pollination as the process does not require any pollinators. 

 

Step 3: Flower constancy which can be developed by insects, 

which is on a par with a reproduction probability that is 

proportional to the similarity of two flowers involved. 

 

Step 4: The interaction of local and global pollination is 

controlled by a switch probability p ϵ [0, 1], lightly biased 

toward local pollination. 

 

        The basic steps of FPA can be summarized as the pseudo 

codes shown in Fig.2 
 

 

 

Algorithm B.  Flower Pollination Algorithm (FPA) 

1) Define Objective min or max f(x), x = (x1, x2, ..., xd)  
2) Initialize a population of n flowers/pollen gametes with random solutions 

3)  Find the best solution g* in the initial population  

4) Define a switch probability p ∈  [0, 1]  

5) while (t < MaxGeneration), 

6) for i = 1 : n (all n flowers in the population)  

7) if rand < p, 

8) Draw a (d-dimensional) step vector L which obeys a L´evy distribution 

Global pollination via x 
t+1

 i = x
t 

i + L(B − x
t 

i ) 

9)  else  

10) Draw ǫ from a uniform distribution in [0,1] Randomly choose j and k 

among all the solutions  

11) Do local pollination via x
t+1

i = x
t
 i + U(x

t
j − x

t
 k ) 

12) end if  

13) Evaluate new solutions  

14) If new solutions are better, update them in the population 

15) end for  

16) Find the current best solution g* 

17) end while 

Fig .2: Pseudo code of the proposed Flower Pollination Algorithm (FPA) 

C. Whale Optimization Algorithm 

        The Whale optimization algorithm [15] is a newly proposed 

meta-heuristic that is inspired from the bubble-net hunting 

technique of humpback whales. The WOA describes the special 

pursuing behavior of humpback whales, in which the whales 

attempt to encircle the prey (fish herds) near the surface of the 

water while creating bubbles that are in the shape of a circle. In 

the bubble-net hunting technique, the humpback whales dive 

approximately 12 meters down and then begin to make bubbles 
in a spiral shape around the prey and swim toward the surface.  

The general steps of the Whale optimization algorithm (WOA) 

can be summarized in the pseudo code as shown in Fig.3 

 
Algorithm C.  Whale optimization algorithm (WOA) 

Initialize the whale‟s population Xi (i = 1; 2; … ..n) 

Calculate the fitness of each search agent 

X*= the best search agent 

while (t < max iteration) 

for each search agent 

Update a, A, C, l, and p 

if1 (p < 0:5)| 

if2 (|A| < 1) 

Update the position of the current search agent by  

X (t + 1) =X
*
(t) -A .D                

else if2 (| A|  ≥ 1) 

Select a random search agent (Xrand) 

Update the position of the current search agent by  

X (t + 1) = Xrand -A · D            

end if2 

else if1 (p ≥ 0:5) 

Update the position of the current search by  

X '(t + 1) = D'· e
bl

 · cos(2πl) + X*(t) 

end if1 
end for 

Check if any search agent goes beyond the search space and 

amend it 

Calculate the fitness of each search agent 

Update X* if there is a better solution 

t = t + 1 

end while 

return X*  

Fig .3: Pseudo code of the proposed Whale optimization algorithm (WOA) 
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D. Satin Bowerbird Optimization Algorithm 

The satin bowerbird optimization algorithm [16] comes from 

the concept of behavior and process of choosing the female birds 

for mating from Eastern Australia. During autumn and winter 

season, satin bowerbirds leave their forest habitat and move 

woodlands to forage for fruit and insects. In the mating season, 

for attracting the female birds it (male bowerbirds) build 

specialized stick structures, called bowers, where courtship and 

copulation take place. Bowers are made and decorated by 

flowers, feathers, berries etc. These decorations are necessary 

for female birds to choose male bird for male mating success. 

Males compete with other male birds by stealing decoration 

materials and try to destroy the bowers of their neighbors. Male 

courtship behavior includes presentation of decorations and 

dancing displays with loud vocalizations, and females prefer 
males that display at high intensity. Another indication of strong 

mating competition is that not all adult males are successful at 

constructing, maintaining and defending bowers, and as a result, 

there is considerable variability in male mating success. In 

simple terms, male bowerbirds attract mates by constructing a 

bower, a structure built from sticks and twigs, and decorating the 

surrounding area. Females visit several bowers before choosing 

a mating partner and returning to his bower after mating. 

  The general steps of the satin bowerbird optimization 

algorithm (SBO) can be summarized in the pseudo code as 

shown in Fig.4 

 
Algorithm D.  Satin Bowerbird optimization Algorithm(SBO) 

1-Initialize the first population of bowers randomly 

2-Calculate the cost of bowers 

3-Find the best bower and assume it as elite 

3-While the end criterion is not satisfied 

4-Calculate the probability of bowers by 

        Prob = 
    

∑     
 
   

                                                     

      Fit=,

 

       
                 

  |     |           
                               

5-For every bower 

6-For every element of bower 

7- Select a bower using roulette wheel 

8-Calculate λk by 

              
 

    
                                                            

     9-update the position of bower by 

                
       

      ((
            

 
)    

   ) 

N=(   
      )=    

     (        ) 

     10- End for 

     11-End for 

     12-Calculate the cost of all bowers 

 13-Update elite if a bower becomes fitter than the elite 

  14-End while 

  15-Return best bower 

Fig .4: Pseudo code of the Satin Bowerbird optimization Algorithm (SBO) 

 

E. Moth Swarm Optimization 

 Moth Swarm Optimization (MSA) is inspired by the 

orientation of moths towards moonlight for presenting optimal 

location and sizing of DG on distribution systems [17]. The 

fitness function of this solution is considered as luminescence 

intensity of the light source. The proposed moth swarm is 

considered to have three types of moth they are classified as 

follows: 

 

Pathfinders: with the principle of First in last out the small 

group of moth are able to find the new areas over the 

optimization space. It mainly involves in guiding the main 

swarm by discriminating the best positions of light source. 

 

Prospectors: These are the group of moth that wanders in 
random spiral path which is indicated by pathfinders within the 

neighborhood light source area.  

 
Onlookers: These are the group of moth that directly moves 

towards the best global position (moonlight) that has been 

obtained by prospectors. 

 
Algorithm E.  Moth Swarm Optimization Algorithm(MSA) 

Initialize the moth swarm population. 

Calculate the swarm finesses & identify the type of each moth 
---------------------------------------------------------------------------------------- 

while t < max number of  iteration T for each light source, 

Identify the crossover points cp ϲ{ c1, c2, …,cnc} . 

Generate Lếvy-flights samples Lp 

Create/ mutate sub-trail vector   
  

Construct the completed trail solution   
  

Select the artificial light sources   
    

End for reconnaissance. 

Calculate the probability values P 

----------------------------------------------------------------------------------------- 

For each prospector moth, xi is 

update the position of prospector moth 

Calculate the finesses of prospector 

End for Transverse orientation. 

Defined the new light sources and moonlight. 

----------------------------------------------------------------------------------------- 

For each onlooker moth (worse group), 

Update the position according to its type. 

If ( i ∈ nG ). 

Generate Gaussian walks steps              

Move the onlooker position with Gaussian walks   
    

Else, 

Drift the onlooker moth using the associative learning operators with 

immediate memory. 

End if. 

Calculate the finesses of onlooker moth 

End for Celestial navigation. 

----------------------------------------------------------------------------------------- 

Identify the new light sources and moonlight, and type of each moth. 
End while 

Print global best solution (moonlight) 

 

Fig .5: Pseudo code of the Moth Swarm Optimization Algorithm (MSA) 
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IV. CASE STUDY, RESULTS, AND DISCUSSION 
 

To demonstrate the effectiveness of the pervious algorithms, 

comparative analyses are made with other optimization 

methods. The strategy envisages examining the veracity of those 

optimization algorithms using 33-bus, 69-bus and 119-bus test 

systems on a Matlab platform. The maximum number of 

iterations is set to 100 for all systems.  In this paper, the 

following two scenarios are taken into consideration as. 
Scenario I: Type-I DG units capable of injecting active power 

only (unity p.f) are installed at potential nodes.   

Scenario II: Type-III DG units capable of injecting .both real 

and reactive powers are installed at potential nodes. Case Study 

 

A.1.       Test case1: 33- bus test system 

 

         To demonstrate the effectiveness of the pervious methods, 

it is applied on small scale distribution network. It is a balanced 

three phase radial network consists of 33 nodes with 32 

segments with 12.66 kV as operating voltage level and total real 

and reactive power load demands of the system are 3720 kW 

and 2300 KVAR respectively. Before the placement of DG units 

the total active and reactive power losses are 202.7 kW and 

140.03 KVAR, respectively. The test system data such as line 

and load data are obtained from [9].  
 

Scenario-I: 
       In scenario-I, Type-I DG units capable of injecting active 

power only is installed at potential nodes. The optimal DG sizes, 

locations, power loss, the voltage profile and the minimum 

voltage magnitude with and without placement of DG are 

tabulated in Table 1. It is noticed that power loss is reduced 

effectively and voltage profile values are improved effectively 

with placement of DGs. The results of those approaches are 

compared with other optimization methods and achieved better 

solutions than [19] and GA [20]. 

 
The Investment Cost, Operational Cost, Maintenance Cost, 

total costs and DG Owner‟s Income are tabulated in Table 2 for 
DGs operating at unity power factor. 

 
     Scenario II: 

 

The methods continuous to investigate the performance of 

the test system with the placement of Type-III DG units where 

capable of injecting both real and reactive powers operating at 

0.866 power factor. The obtained results are tabulated in Tables 

3. From Table 3, it is clearly observed that the power loss of the 

optimization methods is reduced effectively compared to the 

BFOA method, and FA [21]. 

Fig.7 shows the performance of the optimization methods. It 

is clear that the methods are more efficient in finding out the 

optimal allocation of DGs with reducing the power loss and 

improving voltage profile. 

Table 1 Comparison and performance analysis of 33-bus test system at unity 

power factor 

 
Table 2 Economical costs for DG allocation for 33-bus system (Type-I) 

 

 

Fig.6 A convergence between the characteristics of objective function for 33-bus 

system (Type-I) 
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DG 
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836.57 
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Operational 

Cost($) 
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e Cost($) 
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The Investment Cost, Operational Cost, Maintenance Cost, 

total costs and DG Owner‟s Income are given in Table 4 for 

DGs operating at 0.866 power factor. It is noticed that the total 

cost of the WOA algorithm is less than MSA, FBA, ALO and 

SBO.  

 
Table 3 Comparison and performance analysis of 33 –bus system at 0.866 power 

factor 

 

Table 4 Economical costs for DG allocation for 33 bus system (Type-III) 

 

 A.2.       Test case2: 69- bus test system 

 

The second test system used is 69-bus systems with the load 

of 3800kW and 2690KVAR, respectively and data related to this 
test system is taken from [18]. Before the placement of DG units 

the minimum voltage is 0.90919p.u occurred at bus 65 and total 

active and reactive power losses are 224.95 kW and 102.12 

KVAR, respectively. 

 

 Scenario-I:  
The performance of the optimization methods with DGs 

operating at unity power factor is simulated. The optimal DG 

sizes, locations, the total power loss, minimum voltage 

magnitude and voltage profile with placement of DG are given 

in Table 5. The results obtained by the methods are compared 

with the other popular methods, i.e. GA and GA/PSO 

Fig.8 shows the convergence curve of different optimization 

technique considering minimization of network power losses. 

 
Fig.7 A convergence between the characteristics of objective function for 

33-bus system (Type-III) 

Fig.8 A convergence between the characteristics of objective function for 69- 

bus system (Type I) 

 

The Investment Cost, Operational Cost, Maintenance Cost, 

total costs and DG Owner‟s Income are shown in Table 6 for 

DGs operating at unity power factor. 

 

Scenario II: 

In the same manner the optimization methods with DGs 
operating at 0.866 power factor is simulated and obtained results 
are shown in Table 7.  

The convergence characteristic of the power loss is shown in 
Fig.9 the SBO algorithm achieves the best performance, while 
the WOA algorithm obtains the worst one. 

In Table 8 gives the investment Cost, Operational Cost, 
Maintenance Cost, total costs and DG Owner‟s Income for DGs 
operating at 0.866 power factor. 
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[22] 
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DG 

Location 
- 
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 25  
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 30  

 13 

  24 

  30   

  10 

13  

 30 

  24 

14 

18 

32 

13 

17 

31 
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size 

(kVA) 

- 
1114.5    
123.96     

1034.1 

1024.3    
618.11    

967.87 

1114.5     
1114.5    

770.26 

1014.2     
1114.5     

909.6 

774.83     
1114.5     

1052.5 

679.8 
130.2 

1108.5 

757.1 
149.7 

964.8 

P loss 

(KW) 
203 31.47 20.75 22.88 16.65 15.63 37.85 36.86 

Vmin 
(pu) 
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0.9131 

(18) 

0.9810

8(25) 

0.9844 

(18) 
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1(25) 
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(18) 
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(33) 

 

0.9802 

(29) 

0.9792 

(25) 

Voltage 

profile 
1.7012 0.2246 
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5 
0.1857
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7 
0.1603

8 
NA NA 

Time 

(sec) 
 20.2 19.5 19.7 18.9 19.7 NA NA 

Method WOA FPA ALO MSA SBO 

 

Investment 
Cost($) 

 

722667.4 830057.5 953764.5 966179.2 935488.5 

Operational 

Cost($) 
559354.8 642476.4 738227.3 747836.5 4.7804.7 

Maintenance 

Cost($) 
4.6841.1 466808.6 178192.8 180512.2 174778.2 

 

Total costs($) 

 

1417038 1627614 1870184 1894528 1834348 

DG Owner’s 

Income($) 
964404.9 1107717 4.4.086 1289373 4.70741 
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Table 5 Comparison and performance analysis of 69-bus test system at unity 

power factor 

 

 

Table 7 Comparison and performance analysis of 69 -bus system at 0.866 power 

factor 

 

A.3.       Test case3: 119- bus test system 

 

To show the applicability of the optimization methods 
approach in large scale distribution network, it is applied on 119 

node radial distribution network. It is a balanced three phase 

radial network consists of 119 nodes with 11 kV as operating 

voltage level at 100 MVA base and total real and reactive power 

load demands of the system are 22709.7 kW and 17041.1 

KVAR, respectively. The initial real and reactive power loss is 

often compensation is 1298.1 kW and 978.74 KVAR, 

respectively. It observed that the minimum bus voltage 

magnitude of 0.8688 pu is occur at node number 77 at nominal 

load condition [9]. 

 

            Table 6 Economical costs for DG allocation for 69-bus system (Type-I) 

 

 

 
 

Fig.9 A convergence between the characteristics of objective function for 69-

bus system (Type-III) 

 
Scenario-I: 
 

In scenario-I, Type-I DG units capable of injecting active 

power only is installed at potential nodes. The optimization 

methods approaches simulation results are summarized in table 

9. The results clearly show that optimization techniques are 

reduced the power losses effectively with DG compared to all 

other methods. 

 

Scenario-II: 
 

    The optimization methods continuous to investigate the 

performance of the test system with the placement of Type-III 

DG units capable of injecting both real and reactive powers 

operating at 0.866 power factor  is placed at potential nodes. The 

optimization methods simulation results are summarized in table 

10. 
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Cost($) 
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Table 8 Economical costs for DG allocation for 69-bus system (Type-III) 

 

 
 

 
 

Fig.10 A convergence between the characteristics of objective function for 119-

bus system (Type-I) 

 

The convergence plot of the optimization methods with 
scenario I and scenario-II (Test case-3) at nominal load level 

are depicted in Figs 10 and 11.  They observed that the 

optimization methods have been reduced the power losses 

effectively after placement of DGs. 

 

The Investment Cost, Operational Cost, Maintenance Cost, 

total costs and DG Owner‟s Income are shown in Tables 11 and 

12 for DGs operating at unity and 0.866 power factor 
 

 

 

 

 

 

 

 

 

Table 9 Comparison and performance analysis of 119 -bus system at unity power 

factor 

  

 

Table 10 Comparison and performance analysis of 119 -bus system at 0.866 

power factor 
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Fig.11 Convergence characteristics of objective function for 119-bus system 

(Type-III) 
 

Table 11 Economical costs for DG allocation for 119-bus system (Type-I) 

  

 

 

Table 12 Economical costs for DG allocation for 119-bus system (Type-III) 

 

V.   CONCLUSION 

This paper proposes integrated approach of five optimization 
methods (WOA, FPA, ALO, MSA and SBO) to identify the 
optimal allocation of distributed generations (DGs) for RDN to 
accomplish the benefits of reduction in power losses along with 
enhancement in bus voltage profile. The optimization techniques 
are implemented on IEEE 33, 69 and 119-bus systems. DGs 
operating at different power factors have been considered that is 
unity and lagging power factor. The obtained results of the 
optimization methods have been compared with other popular 
methods, i.e. GA, combined GA/PSO, BFOA methods and other 
technical. The results clearly indicate that the optimization 
method reduces the power losses and the total economical costs 
with reduced DG sizes compared to all other classical methods. 
It was clearly observed that the power losses are reduced and the 
voltage profile is improved effectively with optimal placement 
of DGs at (type III) rather than (type I). but the total economical 
costs are increased. DG Owner‟s Income is increased with 
optimal placement of DGs at lagging power factor. The SBO 
algorithm achieves the best result than MSA, FBA, ALO and 
finally the WOA algorithm. So, it can be concluded that the 
optimization methods give optimal solutions in terms of 
reducing objective function compared to the all other classical 
methods. 
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