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Abstract: Optimal allocation (sizing and siting) of multiple 
distributed generators (DGs) in the distribution system is an 
important issue in recent years. This paper, presents an 
effective technique  for determining the optimal location 
and sizing of DGs for minimizing power losses, operational 
costs and improving the voltage profile and voltage stability 
index of radial distribution system(RDS). The entire 
problem is divided into two sub problems. First location of 
DGs is finding out by using the integrated approach loss 
sensitivity factor (LSF) and voltage stability factor (VSF) 
concepts. Next the sizes of DGs at these locations are 
determined by using Meta heuristic technique Firefly 
Algorithm (FA).The objective function is solved with 
satisfying equality and inequality constraints of the radial 
distribution system. The proposed method is implemented on 
IEEE 33 and 69 bus test systems with considering constant 
power load at different load levels.  The obtained results of 
the proposed method are compared with other popular 
methods available in the literature for validation purpose. 
 
 
Key words: Distributed generators (DG), Loss sensitivity 
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1. Introduction 
 In the entire power system network, the power 
losses in the distribution system are high compared to 
the transmission systems because of radial nature and 
high R/X ratio [1]. Hence loss reduction is the major 
concern in the distribution system for the power system 
engineers. Network Reconfiguration, capacitor 
placement and distributed generation (DG) placement 
are three important methods for loss reduction in 
distribution networks. Out of these distributed 
generation placement is a viable solution to reduce 
power losses as minimum as possible in the distribution 
network, because of its unique nature of supplying both 
real  and reactive power to the system. In recent years, 
the distribution network is treated as active network, 
because the distributed generators  penetration in the 
distribution system is increased [2].The reasons for this 
trend is deregulation concept coming into the picture in 
power system networks.[3, 4]. 
DG (distributed generation) is a dispersed generation, 
small scale generation or decentralized generation, i.e. 
connected to the distribution network directly [3]. The 
major important aspect of DGs perspective of the 

distribution system is proper placement and sizing for 
obtaining maximum potential benefits, i.e. peak load 
saving, improved voltage stability, reduction of on peak 
operating cost, and minimizing power losses [5]. 
Improper allocation of DGs in the distribution system 
may affect the system in a negative manner that is 
power loss increases, the voltage profile decreases. So 
optimal allocation DG units in the distribution network 
is  a challenging issue for researchers working in this 
field. In recent years, several numerical techniques like 
Mixed Integer Linear Programming (MILP) [6, 7], 
Mixed Integer Nonlinear Programming (MINLP) [8], 
Dynamic Programming (DP) [9], and analytical 
methods [10, 11] are used to find out  the DG 
allocation problem in the distribution network. 
The above mentioned techniques produce promising 
results and excellent convergence characteristics only if 
they are used for solving linear problems. The 
performance of these techniques depends on initial 
guess. Suppose if this value is not chosen properly, it 
converges to local solution rather than a global one. 
Moreover, these techniques are developed based on 
certain assumptions like differentiability, continuity 
and convexity which are not applicable for practical, 
nonlinear and non-differentiable optimization 
problems. So it is very essential to implement a new 
meta heuristic technique, which is capable to solve 
discrete nonlinear optimization problems. 
So reduce the above mentioned problems and solve the 
DG allocation problem effectively with improving the 
distribution network performance, many search 
algorithms are used. Genetic Algorithm(GA)[12,13], 
Particle Swarm Optimization(PSO)[14], Combined GA 
and PSO[15],Artificial Bee Colony(ABC)[16], Ant 
Colony System(ACS)[17], Differential Evolution 
Algorithm(DEA)[18], Simulated Annealing(SA)[19] 
and Quasi Oppositional Teaching Learning Based 
Optimization(QOTLBO)[20] are successfully applied 
to solve DG allocation problem effectively with 
reducing power losses and improvement of voltage 
profile in distribution network. 
From the above discussion most of the methods have 
achieved promising results in solving DG allocation 
problem in distribution systems, but there are certain 
limitations in terms of computational time, the 
operating efficiency of the system and the convergence 
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rate of the solution. So it is necessary to reduce these 
problems a new population based search technique is 
necessary. In this paper an effective technique based on 
firefly algorithm is proposed for solving DG allocation 
in the distribution system. Also, from the literature, it is 
observed that most of the researchers used DGs with 
unity power factor in the distribution system and 
considering constant power load at full load condition 
only. Also, most of the authors did not consider the 
operating cost of DGs and achieved good power loss 
minimization and voltage profile improvement by 
installing multiple DGs of larger sizes. 
This paper proposes an efficient technique to determine 
the optimal location and sizing of multiple distributed 
generators in the distribution system. The objectives 
are to minimize power loss, reducing total operating 
cost, improving voltage profile and voltage stability 
index with considering constant power load at different 
load levels. The entire problem is divided into two 
steps. The first step is to find out the optimal location 
of DGs, by applying both Loss Sensitivity Factor (LSF) 
and Voltage Stability Factor (VSF) concepts. The 
integrated approach of both LSF and VSF at each bus 
is determined and these values are form in descending 
order. Among all these buses, top three buses are 
considered for DG placement. Next Firefly algorithm, 
an search based technique is used to reduce the 
objective function by determining the best sizes of DG 
units at these locations. The advantage of the proposed 
method is the search technique firefly algorithm finds 
only the sizes of DGs not the locations. Due to this it 
reduces the search space, computational time to reach 
best solution and convergence characteristics is 
improved. The novelty of the proposed work is to solve 
multi objective function, including power loss 
minimization and total operating cost reduction with 
reduced DG sizes. Also voltage profile and voltage 
stability index values are improved up to the desired 
values.  The proposed method is applied to well-known 
IEEE 33 and 69 bus test systems to check its viability. 
To check its superiority and validity it is compared 
with other popular methods. 
The remaining sections of the paper are structured as 
follows: In section 2 problem formulation is explained, 
Integrated approach of loss sensitivity factor and 
voltage stability factor concept for finding out the 
optimal placement of DGs is explained in section 3, In 
section 4 a firefly algorithm for determining optimal 
sizing of DGs is explained, numerical results and 
discussion are explained in section 5 and followed by 
the conclusion is explained in section 6. 
 
2. Problem formulation 
 
2.1. Load flow analysis 
 Direct approach of distribution load flow solution is 
used to find out power loss and voltage corresponding 
to each branch [21]. The sample distribution system is 

shown  in Fig.1 
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 Fig. 1. Sample distribution system 
 
From Fig.1. The voltage corresponding to that bus m+1 
is determined by using Kirchhoff’s voltage law and it is 
given by 
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The current injected at node m is determined and it is 
given in Eq.(2). 
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Branch current is determined at the buses m and m+1 
by using Kirchhoff’s current law and it is given by 
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The matrix representation of the branch current is 
given by 

[ ][ ]J B IB C I          (4) 

The power loss corresponding to the buses m and m+1 
is determined from Eq.(5). 
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The total power loss corresponds to all buses is the 
summation of losses in all sections which is determined 
by using Eq.(6). 
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Where b is the total number of branches 
 
2.2. Power loss with placement of DG 
 Whenever DG units are placed at optimal location it 
will reduce power loss in a line, improves the voltage 
profile, voltage stability and peak demand saving. The 
power loss after placement of DG at corresponding 
buses m and m+1 can be computed as 
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The total power loss with placement of DG can be 
calculated by the summation of the losses in all line 
sections of the system as follows 
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2.3. Real power loss minimization with DG 

placement 

 Power loss index (ILP) is the ratio of total 

power loss with placement of DG to the total power 

loss without placement of DG can be written as [22]. 
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       (9) 

The overall amount of power loss can be reduced with 

placement of DG can be improved by minimizing ILP. 

2.4. Operational cost minimization 

 The advantage of proper location and sizing of 

DGs is to reduce the total operating cost of the system. 

The operational cost of DISCOs consisting of two 

components. The first cost is the real power supplied 

from the substation. Whenever reducing the power 

losses in a system this cost can be minimized.  The 

second cost is the cost of real power supplied by the 

installed DGs. Whenever  real power drawn from DGs 

is reduced this cost is minimized. So total operating 

cost is minimized that is given as [23]   

1 , 2
( ) ( )

D G T o ta llo s s D G T
T O C C P C P     (10) 

Where 
1

C  and 
2

C  are the cost coefficients of real 

power supplied by substation and DGs in $/kW.  PDGT 

is the total real power drawn from connecting DGs. 

The net operating cost of DG reduced is calculated as 

[23]. 
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Thus the total operating cost is minimized by 

minimizing the total power losses of the system and the 

total size of DG connected. 

2.5. Voltage deviation index (IVD)  

 When the distributed generators are placed 

optimally in the distribution system, it improves the 

voltage profile of this system. This is given by voltage 

deviation index concept. 

The voltage deviation index of the system can be 

defined as [22]. 
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During placement of DG in the system which gives 

higher voltage deviations from the actual value, the 

proposed technique minimizes the IVD closer to zero 

and improves voltage stability of the system. 

2.6. Voltage stability index 

 It is very important to operate the power 

system in the safe and secured region under heavy load 

conditions, otherwise there is a possibility of voltage 

collapse. So it is very important to calculate the voltage 

stability index value under these conditions that is 

derived by Chakravorty and Das [24]. In this concept 

they are identifying the nodes at which has more 

voltage collapse in the system. 

A sample two bus system with respective voltage 

magnitudes, power at receiving end bus and current 

flowing through the branch is given by Fig.2. 
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Fig.2. Two bus system 

The voltage stability index value at receiving end bus 

m+1 is calculated from load flow that is given by Eq. 

(13). 
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For safety and secured operation of power system, it is 

better to maintain the high value of voltage stability 

index value that is given by Eq. (14). 
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For minimization problem, the objective function is 

represented below 
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2.7. Formulation of objective function and 

constraints: 

 Great attention should be paid to the proper 

formulation of the objective function (OF). In this 

method the objectives are to reduce the power loss 

index, voltage deviation index, total operating cost and 

improve voltage stability index of the system. 

1 1 2 2 3 3 4 4
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Where 
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In this multi objective function high priority is given to 

power loss index, total operating cost,  and than voltage 

deviation index, voltage stability index. Accordingly 

the weights assigned in the objective function are 0.6, 

0.3, 0.2 and 0.1 respectively. The objective function 



 

 

minimization should satisfy all the constraints related 

to respective electrical distribution network are 

discussed as follows. 

Power balance constraints 

, , 1

2 2 1

n n b

D G m m lo s s m m

m m m

P P P


  

         (18) 

Voltage drop constraints 

1 m axm
V V V         (19) 

Thermal limits 
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If all the constraints are satisfied, then only the 

resultant solution is accepted otherwise it should be 

rejected. 

3. Initial identification of DG placement using an 

integrated approach of LSF and VSF 

 Loss sensitivity factor (LSF) concept decides 

the buses needs for compensation or placement [25]. 

The LSF may decide the buses which have a 

considerable loss reduction in terms of active and 

reactive power injections are put in place. From the 

system shown in Fig.1.The LSF corresponding to the 

buses m and m+1 can be determined by using Eq. (23). 
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Again calculate the voltage magnitude of buses by 

using recently proposed voltage stability factor (VSF) 

concept [26]. This concept identified the weak buses in 

terms of voltage values in the entire search space and 

also gives good information about the system stability. 

The voltage stability factor corresponds to the bus is 

determined by using Eq.(24). [26]. 

1 1
2

m m m
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 
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Finally the combined effect of both loss sensitivity 

factors and voltage stability factor concepts identified 

the weak buses properly for DG placement. Also the 

advantage of this method is to reduce the search space 

for optimization procedure. The optimal sizes at these 

identified locations are found out by using Firefly 

Algorithm. 

4. Firefly Algorithm 

  Firefly algorithm (FA) is a recent Meta 

heuristic algorithm developed by Yang [27]. The 

concept of this algorithm is based on flashing signals 

produced by the fireflies. For easy implementation and 

understanding of firefly algorithm three standard rules 

are used [27]. 

1) All fireflies are unisexual and attracted the other 

fireflies irrespective of their sex. 

2) Attractiveness function is proportional to the 

brightness and it decreases as the distance increases. 

Firefly with less brighter one attract the brightest one, 

if there is there is no brighter one nearer to this it  will 

move randomly. 

3) The brightness of firefly is associated with the 

objective function to be optimized. 

According to the above rules firefly algorithm is 

represented in the form of pseudo code [27]. 

The objective function solved is mainly associated with 

the brightness of firefly [28]. The light intensity I(r) 

varies with the distance r and it obeys inverse square 

law that is given in Eq. (25). 
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Where Is  is the light intensity at the source. 

Also light intensity I(r) varies with distance r 

monotonically and exponentially that is given in Eq. 

(26). 
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Where γ is the light absorption coefficient and I0 is the 

original light intensity. 

As a firefly’s attractiveness is proportional to the light 

intensity seen by adjacent fireflies, the attractiveness β 

is defined by 
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Where β0 is the attractiveness at r=0 

The distance between any two fireflies i and j at xi  and 

xj is calculated as 
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In each generation every firefly is attracted towards the 

brighter firefly that is given by Eq. (29). 
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Where  α is the randomization parameter and “rand” is 

a random number generator uniformly distributed in [0, 

1]. 

4.1. Implementation of the Firefly algorithm to 

determine the optimal sizes of DGs and objective 

function minimization 

Step1: Read the system data which include branch 

number, sending bus, receiving bus, resistance and 

reactance of the line, real and reactive power for each 

bus. 

Step2:  Run the load flow 

Step3: Identify the optimal location of DGs using an 

integrated approach of LSF and VSF, from load flow 

the LSF and VSF of each bus is calculated by using 

Eq.(23).  and Eq.(24). 

Step4:  Firefly Algorithm parameters are initialized, 

i.e. n,  itermax ,α, βmin, γ, Xmin, Xmax [27]. 

Step5:  Firefly algorithm is used to find out optimal 

sizes of DGs, and each firefly corresponds to occupy 

the candidate node location. 

Step6: The attractiveness is proportional to light 

intensity that represents the optimal values of DG sizes 

that is determined from Eq. (27). 

Step7:  firefly with less brighter one i.e. i is attracted to 

another more brighter firefly j for best value of DG size 

is determined by using Eq. (28). 

Step8: For updated light intensity evaluate the new 

solutions, i.e. best values of DG sizes. 

Step9: Rank the fireflies by their light intensity and 

determined their optimal DG sizes.  

Step 10: Repeat steps 4-8 until maximum iterations is 

reached.   

5. Results and simulations 

To test the validity of proposed method it is applied to 

IEEE 33 and 69 bus test systems for solving the 

corresponding objective function containing power loss 

index (ILP), total operating cost (TOC), voltage 

deviation index minimization and improving voltage 

stability index. In this multi objective function high 

priority is given to the power loss, total operating cost 

minimization, and then voltage profile, voltage stability 

improvement. Accordingly the weighting factors 

1 2 3 4
, , a n d    used in the objective function are 

taken as 0.6, 0.3, 0.2 and 0.1 respectively, where 

1 2 3 4
1       .   In the simulation,  different 

test systems considering constant power load (CP) with 

different load levels are taken. The highest number of 

DGs confined to given test systems is three. Actually 

the number of DGs connected to given test systems 

prominently depends upon the size of the test system. 

Inserting more number of DGs in the given test system 

increases the power losses and TOC [29, 30]. To check 

the effectiveness and preeminence of the proposed 

method, the DGs operates at different power factors are 

simulated. The parameters selected for the firefly 

algorithm (FA) are same for both the test systems that 

are indicated in the Table1. The proposed method is 

implemented in MATLAB environment.  

5.1. Test case1: 33-bus test system 

The first test system used is 33 bus system with a total 

load of 3720 kW and 2300 kVAr respectively, data 

related to this test system is taken from [31]. The  base 

case power losses are calculated from load flow by 

considering the constant power (CP) load at different 

load levels, i.e. half load (0.5), full load (1.0) and 

heavy load (1.6). The obtained values for these load 

levels are 48.78kW, 210.98kW, 603.36kW 

respectively. From the load flow, using an integrated 

approach of LSF and VSF concepts, identifies the 

weak buses properly for DG installation i.e. 13, 17 and 

31. The optimal DG sizes at these installed locations 

are determined by Firefly Algorithm (FA). The optimal 

DG sizes at these determined locations, power loss 

index, percentage power loss reduction and total 

operating cost with placement of DG are tabulated in 

Table 2. The minimum voltage magnitude, power 

losses, voltage stability index and voltage deviation 

index with and without placement of DG are also given 

in Table2.  From Table 2 it is noticed that power loss is 

reduced effectively after placement of DGs at all load 

levels. Also voltage stability index, minimum voltage 

magnitude and voltage deviation index values are 

improved effectively with placement of DGs at 

different load levels. Also voltage profile at all buses 

without and with placement of DGs is shown in Fig.3. 

From Fig.3. It is clear that voltage profile at all buses is 

improved effectively after optimal placement of DGs. 

Table 1 

FA parameters [27] 

Parameters Value 

No of Fireflies 20 

itermax 50 

α (scaling parameter) 0.25 

βmin (attractiveness) 0.2 

γ (absorption coefficient) 1 

 



 

 

Table2 

Performance analysis of proposed method  at all different load levels for 33 bus test system  
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Fig.3. Comparison of node voltage profile at all load levels for 33 bus test system 

From Table2, Fig.3.  It is clear that the proposed 

method is more efficient in finding out the optimal 

allocation of DGs with improving power loss 

index(ILP), voltage deviation index(IVD), voltage 

stability index(VSI) and reducing the total operating 

cost of the system with less computational time. 

To validate the effectiveness of the proposed method 

with DGs operating at two different power factors, i.e. 

unity and 0.866 are considered. First the obtained 

results of Firefly Algorithm (FA) with DGs operating 

at unity power factor are compared with the results of 

popular methods , i.e. GA, PSO, GA/PSO, QOTLBO 

and BFOA. The parameters selected for GA, PSO, 

GA/PSO, QOTLBO and BFOA are the same as in [15, 

20, 23]. The obtained results are given in Table 3.  

From Table 3 it is clearly observed that TOC 

minimization and percentage power loss reduction of 

Firefly Algorithm (FA) method are improved 

significantly with reduced DG sizes compared to all 

other classical algorithms. 

Next the proposed method with DGs operating at 0.866 

power factor is simulated and the obtained results are 

tabulated in Table 4. From Table 4 it is clearly 

observed that total operating cost reduction and power

Item 

CP load 

Half load(0.5) Full load(1.0) Heavy load(1.6) 

Without  

placement 

of DG 

With 

placement 

of  DG 

Without  

placement 

of DG 

With 

placement of 

DG 

Without 

placement 

of  DG 

With  

placement  of  

DG 

 Optimal DG 

size(kW) 

(bus) 

 

140.5(13) 

262.0(17) 

494.2(31) 

 

623.1(13) 

261.3(17) 

1012.0(31) 

 

994.9(13) 

424.7(17) 

1672.9(31) 

Power loss(kW) 48.78 21.68 210.98 87.83 603.36 235.33 

% Reduction of 

power loss  
 55.55  58.37  60.99 

ILP  0.4444  0.4162  0.3990 

VSImin(p.u.) 0.8251    0.9386 0.6610 0.8820 0.4785 0.8132 

Vminimum(p.u) 

(bus) 
0.9540(18) 0.9842(30) 0.9038(18) 0.9695(30) 0.8360(18) 0.9510(29) 

IVD 0.0460 0.0158 0.0962 0.0305 0.1640 0.049 

TOC($)  4570.22  9833.32  16403.32 

Computational 

time(s) 
 0.44  0.46  0.52 



 

Table 3 

Comparison and performance analysis of 33 test system at unity power factor  

 
Table 4 

Comparison and performance analysis of 33 test system at 0.866 power factor  

 

loss reduction of FA method is improved effectively 

compared to the BFOA method with reduced DG sizes. 

Also voltage stability index and  minimum voltage 

magnitude values are nearly same as compared to the 

BFOA method. From the above discussion firefly 

algorithm based method is more accurate in finding out 

the optimal solutions with maximum power loss 

reduction and improved voltage stability and reduced 

net operating cost. 

The statistical analysis of the proposed method on 33 

bus test with other methods is shown in Fig.4. It is 

observed that classical methods GA, PSO, GA/PSO 

and QOTLBO reduce the voltage deviation index and 

also improves the voltage stability index in an effective 

manner. But power loss index and net operating cost 

are very high compared to the FA method. Next 

comparison of proposed with BFOA method, the net 

operating cost and power loss index values are less in 

FA method. Also voltage stability index and the 

voltage deviation index is nearly same as BFOA 

method.  From the observed results it is clear that the 

proposed method is accurate in finding the best 

solution. 

Heuristic methods are easy to implement and best 

suited for solving nonlinear systems, but they 

intrinsically have considerable convergence and 

optimality issues. So it is very important to check the 

convergence ability of firefly algorithm.  

Method GA [15] PSO [15] GA/PSO 

[15] 

QOTLBO 

[20] 

BFOA [23] FA 

Optimal location of 

DG (kW) 

11 

29 

30 

13 

32 

8 

32 

16 

11 

13 

26 

30 

14 

18 

32 

13 

17 

31 

Optimal size of DG 

(kW) 

1500 

422.8 

1071.4 

981.6 

829.7 

1176.8 

1200 

863 

925 

1083.4 

1187.6 

1199.2 

652.1 

198.4 

1067.2 

623.1 

261.3 

1012 

Total DG size (KVA) 2944.2 

 

2988.1 2988 3470.2 1917.7 1896.4 

PDG,totalloss (kW) 106.30 105.35 103.409 103.409 89.90 87.83 

%Reduction of 

power loss 

49.61 50.06 50.99 50.99 57.38 58.37 

Vminmum(p.u.)(bus) 0.9809(25) 0.9806(30) 0.9808(25) 0.9827(25) 0.9705(29) 0.9695(30) 

VSImin(p.u.) 0.9173 0.9172 0.9169 0.9240 0.8916 0.8820 

TOC($) 15396.2 15361.9 15353.6 17764.6 9948.1 9833.2 

Method BFOA [23] FA 

Optimal location of DG (kW) 14 

18 

32 

13 

17 

31 

Optimal  size of DG (kW)  679.8 

130.2 

1108.5 

757.1 

149.7 

964.8 

Optimal size of DG (KVAr) 392.2 

75.17 

639.6 

437.1 

86.43 

557.1 

Total DG size (KVA) 2215.3 2161.7 

PDG,totalloss (kW) 37.85 36.86 

%Reduction of power loss 82.06 82.52 

Vminmum(p.u.)(bus) 0.9802(29) 0.9792(25) 

VSImin(p.u.) 0.9114 0.9106 

TOC($) 9743.9 9505.44 



 

 

 
Fig.4. Statistical comparison and performance analysis of proposed method with other methods 
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Fig.5. Convergence characteristics of objective function for 33 bus system 

 

The convergence characteristics of FA with the solving 

corresponding objective function of this test system are 

shown in Fig.5. It is observed that firefly algorithm 

converges to the best solution with reduced objective 

function (OF) only in 14 iterations. Also, Firefly 

algorithm shows very quick convergence ability in 

finding the optimal DG sizes in the entire search space. 

 

5.2. Test case2: 69- bus test system 

 The second test system used is 69 bus  system with the 

load of 3800kW and 2690kVAr respectively, and data 

related to this test system is taken from [31]. The base 

case power losses are calculated from load flow by 

considering the constant power (CP) load at different 

load levels, i.e. half load (0.5), full load (1.0) and 

heavy load (1.6). The obtained values for these load 

levels 51.59kW, 224.98kW and 652.42kW 

respectively.  



 

Table5 

Performance analysis of proposed at different load levels for 69 bus test system  

 

0.75

0.8

0.85

0.9

0.95

1

1.05

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69

halfload without DG halfload with DG fullload without DG

fullload with DG heavyload without DG heavyload with DG

 

Fig.6. Comparison of node voltage profile at all load levels for 69 bus test system 

The integrated approach of loss sensitivity factor (LSF) 

and voltage stability factor (VSF) concepts, identifies 

the weak buses properly for DG placement, the 

candidate buses selected for DG placement are 61, 64 

and 27 and optimal DG sizes at these determined 

locations are calculated by FA method with less 

computational time. 

The proposed method effectiveness is checked with 

considering constant power load at different load 

levels. The optimal DG sizes at these determined 

locations, power loss index, percentage power loss 

reduction and total operating cost with placement of 

DG are tabulated in Table 5. The total power loss, 

minimum voltage magnitude, voltage stability index 

and voltage deviation index with and without 

placement of DGs are also given in Table5.  From 

Table 5 it is noticed that power loss is reduced 

effectively after placement of DGs at all load levels. 

Also voltage stability index, minimum voltage 

magnitude and voltage deviation index values are 

improved effectively with placement of DGs at 

different load levels. 

 

Item 

CP load 

Half load(0.5) Full load(1.0) Heavy load(1.6) 

Without  

placement 

of DG 

With 

placement 

of  DG 

Without  

placement 

of DG 

With 

placement of 

DG 

Without 

placement 

of  DG 

With  

placement  of  

DG 

 Optimal DG 

size(kW) 

(bus) 

 

692.1(61) 

192.2(64) 

195.3(27) 

 

1142(61) 

542(64) 

366(27) 

 

1435.4(61) 

1386.1(64) 

636.6(27) 

Power loss(kW) 51.59 17.99 224.98 74.43 652.42 199.21 

% Reduction of 

power loss  
 65.12  66.91  69.46 

ILP  0.3487  0.3308  0.3053 

VSImin(p.u.) 0.8372 0.9606 0.6822 0.9100 0.5066 0.8693 

Vminimum(p.u) 

(bus) 
0.9567(65) 0.9903(65) 0.9092(65) 0.9775(61) 0.8445(65) 0.9672(61) 

IVD 0.0433 0.0097 0.0908 0.0225 0.1555 0.0328 

TOC($)  5469.96  10547.72  18087.34 

Computational 

time(s) 
 2.99  3.08  3.11 



 

 

Table 6 

Comparison and performance analysis of 69 test system at unity power factor 

 

Table7 

Comparison and performance analysis of 69 bus test system at 0.866 power factor 

 

Also voltage profile at all buses without and with 

placement of DGs is shown in Fig.6. From Fig.6. The 

voltage profile at all load levels is improved effectively 

after optimal placement of DGs. From Table5 and 

Fig.6. It is clear that the proposed method improves the 

voltage profile and reduce the power losses effectively 

at all load levels after placement of DGs. 

The performance of the proposed method with DGs 

operating at unity and 0.866 power factor are 

simulated. First the performance of the FA method 

with optimal placement of DGs at unity power factor is 

simulated and the obtained results are tabulated in 

Table 6.  The results obtained by the FA method are 

compared with the other popular methods, i.e. GA, 

PSO, GA/PSO, QOTLBO and BFOA. The results 

clearly show that proposed method reduces the total 

operating cost and power losses effectively with 

reduced DG sizes compared to all other methods. Even 

though the voltage stability index and voltage profile 

values are improved effectively with GA, PSO, 

GA/PSO and QOTLBO methods, but the power loss 

reduction less and total operating cost is very high 

compared to FA method. 

In the same manner the proposed method with DGs 

operating at 0.866 power factor is simulated and 

obtained results are tabulated in Table 7. From Table 7 

it is observed that FA method reduces the power loss 

nearly same as BFOA method with reduced DG sizes. 

Also minimum voltage stability index values and 

voltage profile values are improved effectively for the 

Method GA[15] PSO[15] GA/PSO[15] QOTLBO[20] BFOA[23] FA 

Optimal location of 

DG (kW) 

21 

62 

64 

61 

63 

17 

63 

61 

21 

15 

61 

63 

61 

65 

27 

61 

64 

27 

Optimal size of DG 

(kW) 

929.7 

1075.2 

992.5 

1199.8 

795.6 

992.5 

884.9 

1192.6 

910.5 

811.4 

1147 

1002.2 

1345.1 

447.6 

295.4 

1142 

542 

366 

Total DG size 

(KVA) 

2997.4 

 

2987.9 2988 2960.6 2088.1 2050 

PDG,totalloss (kW) 89.00 83.20 81.10 80.58 75.23 74.43 

%Reduction of 

power loss 

60.44 63.02 63.95 64.14 66.56 66.90 

Vminmum(p.u.)(bus) 0.9936(57) 0.9901(65) 0.9925(65) 0.9945(65) 0.9808(61) 0.9775(61) 

VSImin(p.u.) 0.9585 0.9554   0.9585     0.9585 0.9223 0.9100 

TOC($) 15343.0 15272.3 15264.4 15125.3 10741.4 10547.7 

Method BFOA [23] FA 

Optimal location of DG (kW) 61 

65 

27 

61 

64 

27 

Optimal  size of DG (kW)  1336.1 

328.5 

378.1 

1325 

350 

358 

Optimal size of DG  (KVAr) 771.3 

189.6 

218.2 

765.1 

202.09 

206.71 

Total DG size (KVA) 2358.5 2347.5 

PDG,totalloss (KW) 12.90 12.99 

%Reduction of power loss 94.26 94.22 

Vminmum(p.u.)(bus) 0.9896(64) 0.9895(68) 

VSImin(p.u.) 0.9586 0.9580 

TOC($) 10265.1 10216.9 



 

proposed method. From the above discussion, it is clear 

that the proposed method reduces the power losses and 

total operating cost effectively with reduced DG sizes. 

Also maintains good voltage profile and voltage 

stability index values. 

6. Conclusion 

This paper proposes an integrated approach of loss 

sensitivity factor and voltage stability factor concepts to 

identify the optimal locations of DGs. At these 

identified locations the optimal size is determined 

using firefly algorithm. The proposed technique is 

implemented on IEEE 33 and 69 bus test systems. 

Implementation considering constant power load at 

different load levels is an added advantage. DGs 

operating at different power factors are considered that 

is unity and 0.866. The obtained results of the proposed 

method are compared with other popular methods, i.e. 

GA, PSO, combined GA/PSO, QOTLBO and BFOA 

methods. The results clearly indicate that the proposed 

method reduces power losses, total operating cost with 

reduced DG sizes compared to all other classical 

methods. Also voltage deviation index and voltage 

stability index values are effectively improved with the 

proposed method. From the obtained results, it is clear 

that optimal DG sizes at optimal locations reduces 

power losses, TOC and improves the voltage profile 

and voltage stability index values at all load levels. 

Also, it was clearly observed that  power loss 

reduction, voltage profile and voltage stability index 

values are improved effectively with optimal placement 

of DGs at 0.866 power factor. So it can be concluded 

that the proposed method gives optimal solutions in 

terms of reducing objective function compared to the 

all other classical methods. 

References 

1. Federico, J., González, V., & Lyra, C:”Learning 

classifiers shape reactive power to decrease losses 

in power distribution networks “IEEE power 

engineering society general meeting : 2005. 

2. Kaur, S., Kumbhar, G., & Sharma, J. "A MINLP 

technique for optimal placement of multiple DG 

units in distribution systems”: Int J Electr Power 

Energy Syst  63 (2014): 609-617. 

3. Ackermann, T., Andersson, G., & Söder, L. 

"Distributed generation: a definition." : Electr 

Power syst Res : 57.3 (2001): 195-204. 

4. Civanlar, S., Grainger, J. J., Yin, H., & Lee, S. S. 

H. :"Distribution feeder reconfiguration for loss 

reduction.": IEEE Trans  Power Del.; 3.3 (1988). 

5. Akorede, M. F., Hizam, H., Aris, I., & Ab Kadir, 

M. Z. A: "A review of strategies for optimal 

placement of distributed generation in power 

distribution systems.": Research Journal of Applied 

Sciences 5.2 (2010): 137-145. 

6. Borghetti, Alberto."A mixed-integer linear 

programming approach for the computation of the 

minimum-losses radial configuration of electrical 

distribution networks.": IEEE Trans. Power Syst: 

27.3 (2012): 1264-1273. 

7. Rueda-Medina, A. C., Franco, J. F., Rider, M. J., 

Padilha-Feltrin, A., & Romero, R. "A mixed-

integer linear programming approach for optimal 

type, size and allocation of distributed generation 

in radial distribution systems." : Electr Power Syst 

Res2013;97:133–43. 

8. Atwa, Y. M., El-Saadany, E. F., Salama, M. M. A., 

& Seethapathy, R. "Optimal renewable resources 

mix for distribution system energy loss 

minimization.": IEEE Trans Power Syst 

2010;25(1):360–70. 

9. Khalesi, N., Rezaei, N., & Haghifam, M. R. "DG 

allocation with application of dynamic 

programming for loss reduction and reliability 

improvement.": Int J Electr Power Energy Syst 

33.2 (2011): 288-295. 

10. Wang, C., & Nehrir, M. H. "Analytical approaches 

for optimal placement of distributed generation 

sources in power systems.": IEEE Trans. Power 

Syst: 19.4 (2004): 2068-2076. 

11. Gözel, T., & Hocaoglu, M. H. "An analytical 

method for the sizing and siting of distributed 

generators in radial systems.": Electr Power Syst 

Res 79.6 (2009): 912-918. 

12. Popović, D. H., Greatbanks, J. A., Begović, M., & 

Pregelj, A. "Placement of distributed generators 

and reclosers for distribution network security and 

reliability.": Int J Electr Power Energy Syst 27.5 

(2005): 398-408. 

13. López-Lezama, J. M., Contreras, J., & Padilha-

Feltrin, A. "Location and contract pricing of 

distributed generation using a genetic algorithm.":  

Int J Electr Power Energy Syst: 36.1 (2012): 117-

126. 

14. Soroudi, A., & Afrasiab, M. "Binary PSO-based 

dynamic multi-objective model for distributed 

generation planning under uncertainty."  :IET 

Renew power Gener: 6.2 (2012): 67-78 

15.  Moradi, M. H., and M. Abedini. "A combination 

of genetic algorithm and particle swarm 

optimization for optimal DG location and sizing in 

distribution systems.” : Int J Electr Power Energy 

Syst: 34.1 (2012): 66-74. 

16. Abu-Mouti, F. S., & El-Hawary, M. E. "Optimal 

distributed generation allocation and sizing in 

distribution systems via artificial bee colony 



 

 

algorithm.": IEEE Trans. Power Del: 26.4 (2011): 

2090-2101. 

17. Wang, L., & Singh, C. "Reliability-constrained 

optimum placement of reclosers and distributed 

generators in distribution networks using an ant 

colony system algorithm." : Systems, Man, and 

Cybernetics, Part C: Applications and Reviews, 

IEEE Trans. on 38.6 (2008): 757-764. 

18. Nayak, M. R., Dash, S. K., & Rout, P. K. 

 "Optimal placement and sizing of distributed 

generation in radial distribution system using 

differential evolution algorithm.": Swarm, 

Evolutionary, and Memetic Computing. Springer 

Berlin Heidelberg, 2012. 133-142.  

19. Injeti, S. K., & Kumar, N. P. "A novel approach to 

identify optimal access point and capacity of 

multiple DGs in a small, medium and large scale 

radial distribution systems." : Int J Electr Power 

Energy Syst: 45.1 (2013): 142-151. 

20. Sultana, S., & Roy, P. K. "Multi-objective quasi-

oppositional teaching learning based optimization 

for optimal location of distributed generator in 

radial distribution systems.": Int J Electr Power 

Energy Syst: 63 (2014): 534-545. 

21. Teng, J. H. "A direct approach for distribution 

system load flow solutions." . : IEEE Trans  Power 

Del 18.3 (2003): 882-887. 

22. Singh, D., & Verma, K. S. "Multiobjective 

optimization for DG planning with load models.": 

IEEE Trans. Power Syst: 24.1 (2009): 427-436. 

23. Kowsalya, M. "Optimal size and siting of multiple 

distributed generators in distribution system using 

bacterial foraging optimization.": Int. J. swarm and 

Evolut. Comput. (2013) 58-65.  

24. Chakravorty, M., & Das, D. "Voltage stability 

analysis of radial distribution networks.": Int J 

Electr Power Energy Syst: 23.2 (2001): 129-135. 

25.  Prakash, K., & Sydulu, M. "Particle swarm 

optimization based capacitor placement on radial 

distribution systems.":  IEEE power engineering 

society general meeting : 2007.  

26. Kayal, P., & Chanda, C. K. "Placement of wind 

and solar based DGs in distribution system for 

power loss minimization and voltage stability 

improvement.": Int J Electr Power Energy Syst: 53 

(2013): 795-809. 

27. Yang, X. S. "Firefly algorithms for multimodal 

optimization." Springer Berlin Heidelberg 2009. 

169-178. 

28. Yang, X. S. "Firefly algorithm, Levy flights and 

global optimization." Research and development in 

intelligent systems XXVI. Springer London, 2010. 

209-218.  

29. Rao, R. S., Ravindra, K., Satish, K., & 

Narasimham, S. V. L.: "Power loss minimization in 

distribution system using network reconfiguration 

in the presence of distributed generation.": IEEE 

Trans. Power Syst:  28.1 (2013): 317-325. 

30. García, J. A. M., & Mena, A. J. G.: "Optimal 

distributed generation location and size using a 

modified teaching–learning based optimization 

algorithm.": Int J Electr Power Energy Syst: 50 

(2013): 65-75. 

31. Sahoo, N. C., & Prasad, K.: "A fuzzy genetic 

approach for network reconfiguration to enhance 

voltage stability in radial distribution systems.": 

Energy Convers. Manage. 47 (2006) 3288–3306. 


