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Abstract- Integrating Distributed Generation (DG) at appropriate location in distribution system 
can reduce its real power losses and can also increase the voltage regulation. Optimal allocation of 
DG has two parts, i) location identification of DG, ii) capacity determination of DG. This article 
uses loss sensitivity methods for fixing of optimal place of DG and then Particle Swarm 
Optimization (PSO) technique is implemented for determination of optimal size of DG at that 
location. During optimization, effect of inertia weight of PSO on the optimal placement of DG is 
demonstrated in this paper. For detailed study, IEEE 33-bus system is considered and impact of 
integration DG in the system is also shown. 
 
Index terms- Radial Distribution Network (RDN), Distributed Generation, Particle Swarm 
Optimization (PSO), Inertia weight, IEEE 33-bus  
 

1. Introduction 
Distributed DG can be defined in different ways. In general DG is the electricity generation nearer to the 
load centres and also connected to the distribution system. DG’s are going to play a vital role in 
realization of smart grid and sustainable energy. Different types of DGs are solar power plant, wind 
power plant, CHP etc. Use of renewable energy resources as DG has changed the trend of electricity 
market. Due to several advantaged of renewable DGs, these are becoming more popular day by day. 
There are numerous advantages of integration of DG in distribution system like flexibility, eco-friendly, 
improved voltage regulation and reliability and power quality [1]. DGs are often taken as backup for the 
system or to reduce the usage of grid electricity. DGs can also operate in peak shaving mode.  
Integration of DG changes the power flow pattern in distribution system. When DG is not connected the 
flow of power is usually unidirectional but after the DG is connected the power flow can becomes 
bidirectional depending on generation and load. Thus bidirectional power flow due to addition of DG 
creates problems in grid control and protection system. This control of bidirectional flow of power is a 
major challenge in the interconnection of DG and has to be handled very carefully. Penetration level of 
DG is also an area of concern during the interconnection. Interconnection of DG in any power system has 
different impacts on the power system. Impacts of integration of DG can be categorised into Technical 
Impacts, Economical Impacts and Operational Impacts [2]. In general any DG should be installed on the 
location of shortage of power or having poor voltage profile. In long radial lines there is a problem of low 
voltage near end user. If suitable capacity of DG is placed at appropriate place in the system, then voltage 
profile is improved and this problem can be eliminated.  
 
Actually place of DG and its penetration level decide its effect. If a suitable size DG is integrated at 
suitable bus location in the distribution system, then only it will be beneficial, otherwise it will adversely 
affect the system. Therefore Optimal DG Allocation (ODGA) has been the intense focus area power 
system planners, research engineers, utilities and institutes in the past. ODGA problem may have several 
objectives such as diminution of power /energy losses, reduction in voltage deviation, maximization of 
DG capacity, improvement in system reliability etc. If any one objective is selected for the optimization, 
then optimization problem will be single objective. For creating a multi-objective problem, several 
objectives can be combined together. For optimization of these single objective or multiobjective 
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problems, several optimization techniques have been found in the literature. A summary of these 
techniques is given in [3].  Optimal placement of a fixed size DG is done with the help of an analytical 
technique [4]. The main aim of this optimization is to reduction of real losses only. Acharya et al. [5] 
have given exact loss formula for ODGA using analytical technique. An improve analytical method is 
also found suitable for ODGA in literature [6]. ODGA and its effect on the SAIDI and SAIFI of the 
system is shown in [7]. Similar work is done for the capacitor also [8].  
 
Several other advanced optimization techniques like PSO [9], Improved PSO [10] Genetic Algorithm 
(GA) [11], Hybrid GA and PSO [12], Artificial Immune System combined with PSO [13], Artificial Bee 
Colony [14] and Modified Firefly Algorithm [15] are also found their suitability in ODGA. PSO needs 
few parameters, easily completed and the method is very simple as compared to other algorithm [16]. In 
this paper PSO is used for ODGA problem for single DG placement in the IEEE 33-bus RDN. PSO 
Convergence characteristics depend upon the inertia weight of the velocity equation. In this article, effect 
of the inertia weight on the ODGA is shown by considering different inertia weights during optimization. 
In section II of the paper, the objective function formulation is explained, in section III PSO technique is 
discussed. Section IV and V are the results and the conclusion respectively. 
 
  
2. Formulation of Objective Function 
In any electrical system the total active power losses depends on the injection of real and reactive powers 
at different nodes and hence losses can be formulated in terms of these injected powers. For any N-node 
network total active power losses are calculated by the equation (1) [17]. This equation is known as 
‘exact loss’ formula. 

                         𝑃" = ∑ ∑ %𝛼'()𝑃'𝑃( + 𝑄'𝑄(, + 𝛽'()𝑄'𝑃( − 𝑃'𝑄(,/0
(12

0
'12                                      (1) 

Where 		𝛼'( and 𝛽'( are the coefficients given as: 
		𝛼'( =

456
7576

𝑐𝑜𝑠(𝛿' − 𝛿(), 

𝛽'( =
456
7576

𝑠𝑖𝑛(𝛿' − 𝛿(), 

N=  Number of Nodes,  
P = injected real power  
Q = injected reactive power  
V = magnitude of voltage  
δ = angle of the voltage  
i= node number 
and 𝑍'( = 𝑅'( + 𝑗𝑋'( is the ijth element of [𝑍EFG] = [𝑌EFG]J2. 
Main aim of the optimization process is to reduce real losses by installing an optimum capacity of DG at 
optimum node in the system. For this purpose objective function is formed as equation (2). 

                                                                    f = min(Ploss)                         (2) 
For this optimization process the constraints are stated below:  
Minimum and maximum range of the node voltage can be given as:   

                                                                 Vimin< Vi< Vimax                                                          (3) 
Total Active power generation should be within its minimum and maximum limits:  

                                                                                   (4) 
Total generated power must fulfill power demand (PD) and total losses (TL) of the system.  

                                              ∑PG+∑PDG=PD+ TL                                                             (5) 
3. Particle Swarm Optimization (Pso) 
To find the maximum or minimum of any process with least efforts with some constraints is known as 
optimization. Numerous optimization methods have been proposed by the researchers in the past. PSO is 
one of them. It is motivated by group activities of birds or fish during the search of food, This algorithm 
proposed and proposed by Eberhart and Kennedy [19]. There are numerous advantages of the PSO, over 
other existing techniques. This can also be combined with some other methods to make a hybrid 
optimization method. In PSO all particles randomly moves in the search space and their initial positions 
are also randomly generated. In a D-dimensional search space, the ith particle of the group of particles  is 
represented by a D-dimensional vector 𝑋' =	(𝑥'2, 𝑥'M … . . 𝑥'P) and the best particle of the swarm, is 
denoted by gbest. The previous best location of the ith particle is stored and represented as 𝑃'	 =

min max
DG DG DGP P P£ <
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(𝑝'2, 𝑝'M … . . 𝑝'P) and the position change (velocity) of the i

th

 particle is 𝑉'	=(𝑣'2, 𝑣'M … . . 𝑣'P). For each 
iteration velocity and positions vectors are updated by equations (6) and (7) (the superscripts denote the 
iteration): 

																																		𝑉'TU2 = 𝑤𝑉'T + 𝑐2𝑟'2T )𝑃'T − 𝑋'T, + 𝑐M𝑟'MT)𝑃XT − 𝑋'T,	                                     (6) 
                                                     𝑋'TU2 = 𝑋'T + 𝑉'TU2                                                                 (7) 

Where i=1, 2,….M .  
M = total number of particles  
w = the inertia weight 
𝑐2= cognitive parameter 
𝑐M= social parameter 
 𝑟'2 and 𝑟'M = random numbers within the range [0, 1].   
A general flow chart for PSO is shown in figure 1 [20]. 
Initial population can be found according the following equation (8):  

                                                   𝑋' = 𝑋Y'Z + 𝑟𝑎𝑛𝑑 ∗ (𝑋Y^_ − 𝑋Y'Z)                                         (8) 

 
Fig 1. PSO flow chart [20] 

 
Inertia weight is the deciding factor in the convergence behaviour of the PSO. Large inertia weight results 
in delayed convergence of the optimization and low inertia weight will result in local trapping. As a 
result, the inertia weight should be selected for a better searching -utilization trade-off. Different inertia 
weight settings are proposed in the literature such as: Constant Inertia Weight (CIW), Oscillating Inertia 
Weight (OIW), Random Inertia Weight (RIW), Global Local Best Inertia Weight (GLBIW), Time 
Varying Inertia Weight (TVIW) techniques, etc. Some inertia weights and their formula are summarised 
in Table 1 [21]. 
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Table 1: Different Inertia Weights and Their Formula 
S. No. Name  Formula  

1. CIW w=c 
c=0.7 

2. OIW 𝑤(𝑡) = (ab5cUabde)
M

 + (abdeJab5c)
M

cos iMjk
l
m 

𝑇 =
2𝑆

3 + 2𝑘 

3. RIW 
𝑤 = 0.5 +

𝑅𝑎𝑛𝑑()
2

 
4. GLBIW 

𝑤' = (1.1 −
𝑔𝑏𝑒𝑠𝑡'
𝑝𝑏𝑒𝑠𝑡'

) 

5. TVIW 𝑤 = (𝑤2 − 𝑤M) i
Y^_'kyzJ'kyz

'kyz
m + 𝑤M  

 
In this paper above mentioned different inertia weights are considered and their effect on the size 
optimization of DG is shown. 
 
4. Case Study And Results 
PSO with different inertia weights is applied for ODGA in IEEE 33-bus RDN. The system is having 33 
nodes, 32 lines. The connected active and reactive load of system is 3.72MW and 2.3MVAR 
respectively. Base case is without interconnection of DG. In this case active losses in the system are 
211.1957 kW and reactive losses are 143.2159 kVAR. Optimal DG placement problem is separated into 
two parts. One is the regarding decision of optimal place and then determination of optimal size to be 
placed at that location. For determination of optimal location five random buses are selected and then 
variation of DG power injection and variation in losses is plotted. Five random selected buses are bus 
number 6,10,18,22 and 31. This variation is shown in figure 2. Figure 2 also shows that out of these 
buses, if power injection is done at bus number 6 then the losses in the system will be minimum with 
variation in DG injected power.  
 

 
Fig 2. DG power Injection Vs Loss Variation 

 
Comparison of percentage loss reduction with DG power injection is shown in figure 3. This figure also 
shows that power injection at bus number 6 will give highest loss reduction. Due to this reason, optimum 
location for injection of power is selected as bus number 6. 
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Fig 3. DG power Injection Vs percentage Loss reduction 

 
For fixing of optimal size of DG, PSO is applied and five different inertia weights are selected. In PSO 40 
particles are selected and their initial position and velocity are initialized randomly. With different inertia 
weights results are shown in table 2. For demonstrating the effect of inertia weight on the optimization 
CIW method is neglected because constant inertia weight will always increase the velocity linearly and in 
such case the optimization will not converge. Rest other OIW, RIW, GLBIW and TVIW are compared 
and result shows that time taken by TVIW is least among the compared methods. This time taken is 1.164 
seconds. GLBIW gives minimum size of 2.7947 MW for the selected location. Size proposed by the 
TVIW is 2.8201 MW and system losses by installing this DG will be 112.719 kW. These losses are least 
among the compared methods and hence it can be said that size proposed by TVIW results in maximum 
loss reduction. Priorities in speed, size or efficiency will decide the selection of inertia weights. 
 

Table 2. Performance Comparison of PSO with Different Inertia Weights  
 OIW RIW GLBIW TVIW 

Average DG Injection (in MW)  2.8171 2.9109 2.7947 2.8201 
Average Loss (in kW) 112.691 112.558 112.719 112.534 
Average time taken (in sec) 1.175 1.526 2.817 1.164 

 

 
Fig 4. Voltage Profile comparison in base case and with DG 
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Voltage profile of the test system for with and without DG case is demonstrated in Figure 4. Since prime 
purpose of this optimization problem is to reduce the real losses and hence for the voltage profile 
comparison size corresponding to least system losses is taken into consideration. Figure 4 also 
demonstrates that in RDN, optimal capacity DG placed at optimal bus number for minimization of losses 
only, also improves its voltage profile. Effect of DG varies with the distance of the load point from the 
DG. 
 
5. Conclusion 
In this article initially the optimal bus number of the DG is decided and then PSO is applied for the 
fixation of optimal capacity of the DG. Location of this optimal size DG is already predefined. Optimal 
capacity of DG is calculated to decrease the real losses occurring in the system. During optimization 
different inertia weight methods are selected and their effect on the optimal capacity of DG is shown. It 
can be concluded that TVIW is the fastest among the compared methods. Also the size proposed by the 
TVIW method gives minimum losses of the system. However GLBIW gives minimum size of DG for the 
minimization of losses, although this size gives losses higher than that of the TVIW. Thus selection of the 
inertia weight depends on the priority of the size or losses. Effect of the inertia weight on the size and 
location optimization can also be shown for the same system or for any other system. This analysis will 
help in decision making at the planning stages. Effect of inertia weight on the both size and location can 
also be studied. 
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