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Abstract 
The different load-changing scenario leads to voltage instability in the distribution system. The connection of DG to an endpoint at a 
weak bus improves the voltage and enhances the voltage stability margin. The placement of DG in a Distribution system with a 
suboptimum location results in increased losses and cost. So here, a method for DG placement targeting voltage stability enhancement 
and active power loss minimization is proposed.  The location of DG is selected based on the incremental voltage sensitivity index along 
with the voltage profile improvement index (VPII). The  DG optimum capacity at this location is obtained for maximum saving in active 
power losses. The results were obtained by distribution load flow on the IEEE28 bus. 
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1. Introduction  

The DG is an integral part of distributed energy resources nowadays that come with an energy storage system. The utilities 
force the DG integration due to increasing environmental and commercial concerns. The positive impact of integration on 
performance enhancement and economic and financial aspects associated with the growing use of DG. The dispersed 
generations are generally installed at different locations near the endpoint to get the additional benefits [1-5]. The 
continuous changing of line load of the distribution network at low to high levels typically faces critical loading conditions, 
leading the system to collapse voltage [6]. New DG integration to grid and distribution system overcome voltage instability, 
but some issues associated with Power system protection, coordination, and dynamic stability with new DG installation 
required to pay attention and should be prior considered [7-8]. 
 

Various techniques have solved the placement and capacity planning problem of DG. The techniques can be classified 
into three groups [9]: analytical, heuristic, and meta-heuristic techniques. The analytical methods are a non-iterative 
straightforward, and direct method to implement. A heuristic method is an algorithm approach that is easy and simple 
compared to the analytical method [10]. Meta-heuristic is an iterative method; it is an optimization-based method that offers 
a realistic solution [11]. As per voltage stability concerns, incremental voltage sensitivity has been developed by [12] to 
locate optimal buses in sub-transmission systems with minimum transmission losses objective and the optimal capacity 
planning algorithm. A locational marginal price(LMP) based DG placement has been given by [13]. The exact loss formula 
for DG placement in the primary distribution line has been presented in [14] with a loss minimization objective. The DG 
placement in radial and the meshed system is proposed by [15], which is based on phasor current procedure to get solution 
for the selection of DG with power loss minimization. The non-iterative algorithm for determining the optimal location for 
DG placement is developed by [16], which has no convergence problem. 

 
Enhanced voltage stability margin and line loss reduction method for DG placement is presented by [17], where reactive 

power deficiency balance is obtained by model analysis and continuation power flow for loadability and voltage profile 
enhancement. Author [18] presented a priority list for an optimal location with loss sensitivity factor considering various 
types of DG and exhaustive power flow executed to verify the size attained by analytical techniques. Power Factor of DG 
also inculcated into sizing problem. A Performance index has been developed by [19] for voltage stability improvement, 
loss reduction, and voltage improvement with system loss minimization using PSO for constant power and voltage-
dependent load model. The placement of distributed generators in an unbalanced radial distribution system with a sizing 
problem has been presented by [20]. The voltage-sensitive index method determines the optimal placement of DG in a 
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three-phase radial distribution system. The distribution generator changes the power flow in the distribution network, and it 
modifies the losses. Utilizing the multiple DG benefits on energy saving with active power loss reduction turned into an 
economic benefit reported in [21].             

 
Several research papers have been carried out on DG placement and capacity optimization available in the literature. 

Here in this paper, the location selection by incremental voltage indices and VPII have been presented for DG placement. 

Type-1 DG is used for the study. The active power loss minimization is the objective of the work by integrating DG in the 

distribution system. The worked divided into five sections. The first section deals with the introduction. Section II 

calculates losses and implements an incremental voltage sensitivity index and a voltage profile improvement index. 

Section III deals with developing an algorithm for DG placement at an optimal location, with exercises to locate DG with 

capacity planning. Section IV deals with the test system's simulation results. The last section covers the conclusion part. 

2.  Method for location selection for DG on radial distribution network 

The primary objective of the work is to minimize the active power losses by integrating DG placement in a 

distributed network with optimal location and capacity. The optimum capacity can be given by eq.  (1)  for each bus i,  

 

                                                                                                            (1) 

       

Whereas  ,  and  ; power supplied from substation, power by distributed generation and power demand  at  

‘i’ bus respectively.The generalized active power loss (LP) as objective fuction  eq. (2)  is mathematically written as 

 

                                                          (2) 

 

Where branch current in distribution  system is represented by I , line resistance is r and kk is the branch number, n is 

number of branches. For maintaining system integrity voltage constraint and  DG capacity constraints should be in their 

limit by eq.  (3), (4) and (5). 

Subjected ;       

Constraint on voltage;  

 
                     (3) 

Equality Constraints;  
                                                                                          (4) 

DG capacity constraints;  

                                                                                                        (5) 

       

Whereas  - maximum power generation by DG  and   -total power from substation. 
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2.1 Incremental voltage sensitivity method 

This index is used for optimal location selection. The placement of DG to the load buses with higher voltage incremental 
sensitivity is chosen; the placement of DG to the selected bus will be supposed to enhance voltage stability [12]. The 
incremental voltage sensitivity index is defined as follows. 
 

    Incremental voltage sensitivity  index                                           (6) 

 
 is incremental voltage of nth bus and  is change in real power generation of ith DG. 

2.2 Voltage- profile- improvement- Index (VPII) 

 
This index is a measure of system voltage improvement, With and without Dg integration with different load busses at the 
same load [22-23]. When a  Distributed generator is placed in the system, it provides the voltage enhancement to the 
corresponding node.The VPII is defined as follows. 

                                                                                (7) 

The value of VPII>1 shows voltage profile improvement. More the value of VPII better the voltage profile. When 
VPII=1 shows no change in voltage profile, If the VPII is<1, which indicates the DG is inappropriate for voltage profile 
improvement. 

 

Algorithm for optimal location and capacity of the DG  

• Perform the distribution load flow [24] without DG and obtain the active power loss.  

• Select load bus (one at a time), apply the 50% DG integration. Perform the distribution load flow, and obtain the 
losses and the bus voltage. 

• Calculate the incremental sensitivity index for all load points by eq. (6). 

• Select the buses having a higher incremental voltage sensitivity index. Make a priority list in descending order. 

• Calculate the VPII for selected load buses by eq. (7). 

• Varying the capacity of DG at selected buses one by one at a time from the lowest value to highest substation 
loading capacity in fixed step size, perform the load flow to calculate losses for each DG integration. 

• The DG size, which gives minimum possible active power loss, is selected for optimal placement.  

The above algorithm will provide the DG location and DG size accounting for active power loss. 

Assumptions considered here; Active power is only supplied by DG, Load points are connected with DG. Generally, 
source nodes are not connected with DG. 

3. SIMULATION RESULTS AND ANALYSIS 

The algorithm developed for DG placement and capacity optimization for active power loss minimization is implemented on 
the standard IEEE28 bus. The test system is given in Fig.1 is taken for study. The base MVA of the system is 100 MVA, 
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and the base voltage is 11kV taken from [25]. The bus voltages obtained after DG placement on selected buses are given in 
table 1; it is observed from the table that there is a significant improvement of voltage achieved from the base case(without 
DG). The incremental voltage sensitivity is given in table 2. which shows the cumulative voltage effect on other buses by 
DG integration to selected load bus. The optimal buses are selected as 26,25,24,23,22,8 and 7. 
 
 

 
                                        Fig.1 IEEE 28 bus radial distribution system. 

 
The DG capacity to these selected locations is varied from minimum to maximum substation loading capacity. The equality 
and inequality constraints are taken into consideration for DG capacity optimization. Table 3 shows the comparison of 
active power loss reduction along with VPII at optimal buses. Without DG, the total active power loss is found as 68.72kW. 
Bus no.26  is obtained as the most sensitive bus from the voltage improvement concern shown in Fig .2. It indicates better 
voltage enhancement with DG integration. The integration of DG to this location delivers better VPII, enhancing the 
system's voltage stability margin. The active power loss reduction at location 26 is 39.15%, with the highest VPII.  Location 
7 is also considered an optimal location as a significant loss reduction of 47% is achieved at this bus. Fig.3 shows the 
voltage profile improvement with optimal capacity at locations 26 and 7. 
 
 

Table 1 : base case voltage and voltage after 50% DG integration. 

bus no. base case V26 V25 V24 V23 V22 V8 V7 

1 1 1 1 1 1 1 1 1 

2 0.9863 0.9908 0.9908 0.9908 0.9908 0.9908 0.9908 0.9908 

3 0.9667 0.978 0.978 0.978 0.978 0.978 0.978 0.978 

4 0.9527 0.969 0.969 0.969 0.969 0.969 0.969 0.9689 

5 0.9387 0.9619 0.9619 0.9619 0.9619 0.9619 0.9619 0.9618 

6 0.9282 0.9572 0.9572 0.9572 0.9572 0.9572 0.9572 0.9571 

7 0.9191 0.9551 0.9551 0.9552 0.9552 0.9551 0.9551 0.9551 

8 0.9167 0.9528 0.9528 0.9528 0.9528 0.9528 0.957 0.9527 

9 0.9164 0.9525 0.9526 0.9526 0.9526 0.9526 0.9567 0.9525 

10 0.9162 0.9523 0.9523 0.9523 0.9523 0.9523 0.9565 0.9522 

11 0.9466 0.963 0.963 0.963 0.963 0.963 0.963 0.963 

12 0.9449 0.9613 0.9613 0.9613 0.9613 0.9613 0.9613 0.9613 

13 0.9438 0.9603 0.9603 0.9603 0.9603 0.9603 0.9603 0.9603 

14 0.9435 0.96 0.96 0.96 0.96 0.96 0.96 0.96 

15 0.9433 0.9598 0.9598 0.9598 0.9598 0.9598 0.9598 0.9598 

16 0.9376 0.9608 0.9608 0.9608 0.9608 0.9608 0.9608 0.9608 
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17 0.9265 0.9555 0.9555 0.9555 0.9555 0.9555 0.9555 0.9554 

18 0.9255 0.9546 0.9546 0.9546 0.9546 0.9546 0.9546 0.9545 

19 0.9239 0.953 0.953 0.953 0.953 0.953 0.953 0.953 

20 0.923 0.9522 0.9522 0.9522 0.9522 0.9522 0.9522 0.9522 

21 0.9224 0.9516 0.9516 0.9517 0.9516 0.9516 0.9516 0.9516 

22 0.9163 0.9577 0.9577 0.9578 0.9578 0.9577 0.9525 0.9524 

23 0.9148 0.96 0.96 0.9601 0.9601 0.9563 0.9511 0.951 

24 0.9137 0.962 0.962 0.9621 0.959 0.9553 0.95 0.9499 

25 0.9134 0.9633 0.9633 0.9618 0.9587 0.955 0.9497 0.9497 

26 0.9132 0.9644 0.9632 0.9617 0.9586 0.9549 0.9496 0.9495 

27 0.9162 0.9523 0.9524 0.9524 0.9524 0.9524 0.9565 0.9523 

28 0.9161 0.9522 0.9522 0.9523 0.9523 0.9523 0.9564 0.9522 
 
 
 

Table 2 : Incremental voltage sensitivity for 28-bus 
 

Incremental voltage 
sensitivity( ) 

Bus Number (i) 
 26 25 24 23 22 8 7 

 
 

        

 
 

 13.473 13.13158 12.71 11.894 10.894 9.5 9.473 

 
 

 13.157 13.13158 12.71 11.89 10.89 9.5 9.4736 

 
 

 12.763 12.736 12.736 11.921 10.921 9.5 9.5 

 
 

 11.9473 11.9210 11.921 11.921 10.921 9.5 9.5 

 
 

 10.973 10.9473 10.947 10.921 10.89 9.5 9.47 

 
 

 9.57 9.55 9.55 9.55 9.52 10.605 9.473 

 

 9.552 9.552 9.5263 9.552 9.5 9.47 9.47 
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Fig.2: Voltage improvement with DG integration 

Table 3: Comparison of powerloss with optimal locations 

Base case 
Losses-

68.72kW 

       

DG Capacity in 
kW 

456 466 480 504 541 552 598 

With DG losses 
in kW 

41.45 40.90 40.23 39.21 37.87 37.60 36.04 

%reduction in 
losses 

39.15% 39.95% 40.94% 42.43% 44.40% 44.80% 47.09% 

VPII 
1.056 1.054 1.052 1.049 1.045 1.043 1.046 

 

 
Fig. 3:  bus Voltage  with and without DG 
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4. Conclusions 

The work is presented with incremental voltage sensitivity and VPII   for location selection of distributed generation on the 
IEEE28 bus distribution system, which is considered to ensure voltage stability. Further, the DG capacity is optimized for 
active power loss minimization at the selected location with step-by-step integration of DG. The algorithm and method 
developed are demonstrated to be significant in capacity planning and DG placement in distribution networks with loss 
minimization and voltage enhancement aim. 
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