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1.Introduction 
In recent years, it can be observed that there is a 

requirement to increase the power generation 

capacity to meet the increased load demand. One 

needs to meet this increasing demand economically 

and reliably. The investment in the modification or 

up-gradation of the existing network, is practically a 

hard challenge because of strict economic and 

environmental constraints. This causes the 

distribution networks to operate closer to their 

voltage stability limits, which makes the operation 

and control of distribution systems further 

complicated [1–3]. The focus of present power 

utilities is on prolonged utilization of existing 

infrastructure with better planning incorporating 

smart technologies. The present focus of power 

utilities is on prolonged utilization of existing 

infrastructure with better planning incorporating 

smart technologies. The active power loss 

minimization, minimization of operational and 

investment cost, minimization of environmental 

effects, and enhancement of reliability are considered 

as essential planning objectives while maintaining 

and upgrading the existing power system 

infrastructure, particularly in overburdened networks. 
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Some of the established techniques to handle 

distribution systems under such a competitive 

scenario include Network Reconfiguration (NR), 

Distributed Generation (DG) allocation, and the use 

of Flexible Alternating Current Transmission System 

(FACTS) devices, and the combinations of these 

approaches [4, 5]. Hence, the existing distribution 

system needs to be optimized in order to ensure 

reliable, economic, and safe electric power to the 

customers. The DG units could be either renewable 

such as solar Photovoltaic (PV) power, wind power, 

biomass, solar thermal system, small-scale 

hydropower, or non-renewable energy sources such 

as diesel generators, etc. 

 

As the demand for electricity is growing continuously 

due to an increase in the population, urbanization, 

and industrialization, etc. To enhance the economic 

efficiency in such conditions, the power sectors have 

adopted remarkable modifications towards 

decentralization. Literature review reveals that very 

few researchers have done NR simultaneously with 

DG and Distribution Static Compensator (D-

STATCOM) placement and sizing. It is observed 

from the literature that simultaneous NR in the 

presence of DG and D-STATCOM for the 

minimization of loss and enhancement of voltage 
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profile has been considered by only a few researchers 

[6–8]. This necessitates the development of multi-

objective methods with the inclusion of load ability 

and reliability objectives, which are very relevant for 

overburdened networks and are susceptible to 

frequent voltage instability issues. In order to reduce 

the computational burden and complexity of the 

problem with those objectives, it is required to 

develop fast and robust meta-heuristic-based 

optimization algorithms. Many new metaheuristic 

techniques are often successfully handled those 

highly constrained, mixed-integer, non-linear 

distribution system optimization problems, however, 

finding a near-global solution is still a challenging 

task for the researchers. 

 

The recent trend in distribution system planning 

includes simultaneous NR, DG, and D-STATCOM 

allocation which has brought in many benefits such 

as power loss reduction, reliability enhancement, 

economic savings, and environmental pollution 

optimization [9, 10]. However, owing to its large-

scale, non-linear and complex nature, it is very 

challenging to get an effective solution technique. 

The reported works from the literature are 

categorized into heuristic and Artificial Intelligence 

(AI) based techniques. Heuristic techniques are 

divided into two categories, i.e., trial and error-based 

methods and meta-heuristic methods. However, the 

meta-heuristic-based methods are very popular and 

effective in handling combinatorial, constrained, and 

high dimensional problems like simultaneous NR, 

DG, and D-STATCOM allocation. In this paper, the 

Differential Evolution Algorithm (DEA) is used for 

solving the proposed simultaneous optimization 

problem of the Radial Distribution System (RDS). 

 

In recent years power utilities are facing major 

challenges owing to exponential load growths, 

transmission line contingencies, and power system 

blackouts. This brings the distribution systems more 

closely to their voltage stability boundaries, which 

makes the control and operation of these systems 

more complicated. To meet the growing energy 

demand, distribution systems need to be upgraded, 

which is practically a hard challenge because of strict 

economic and environmental constraints. In such 

stressed situations, NR is proven to be a viable tool to 

mitigate such issues effectively. In recent years, 

optimal DG and D-STATCOM allocation is also 

chosen as a viable option to solve this issue. 

However, NR, DG, and D-STATCOM allocation 

cannot be random as it may result in inefficient 

performance and unintended operation of the system. 

Moreover, it is important to maintain the radial and 

connected structure of the system after 

reconfiguration as well as to determine the 

appropriate position and size of DG units along with 

the fulfillment of the objectives in an economical, 

reliable, and environmentally friendly way without 

violating the system operating constraints.  

 

2.Literature review 
Various advanced computational approaches have 

been developed and implemented in the literature, 

including conventional, intelligent, and hybrid 

approaches considering the primary concern of NR, 

DG, and D-STATCOM planners in the presence of 

different distribution systems, objectives, operating 

constraints, and load variation. Among them, 

evolutionary/ meta-heuristic optimization methods 

are getting more prioritized in the multi-objective 

environment. Several distribution network 

enhancements are based on simultaneous NR, DG, 

and D-STATCOM allocation. However, owing to its 

large-scale, non-linear and complex nature, it is very 

challenging to get a solution technique. 

 

Optimal Network Reconfiguration (ONR) is an 

approach that will be used to enhance voltages in the 

system and to minimize the losses in the power 

distribution networks, and it is a huge combinational 

search space optimization (i.e., mixed-integer 

nonlinear) problem [11]. 

 

A water cycle algorithm has been proposed in [12] 

for solving the optimal sizing and sitting of DG units. 

Zhan et al. [13] proposed a methodology to find the 

ONR by considering the uncertain nature of load 

demand and solar PV output. A two-stage robust 

optimization approach for solving the ONR with load 

demand uncertainty has been proposed in [14, 15].  

 

A combination of Ant Colony Optimization (ACO) 

and fuzzy multi-objective approach is proposed in 

[15] for solving the simultaneous ONR and allocation 

of D-STATCOM and solar PV arrays. 

 

Tolabi et al. [16] proposed a heuristic technique 

based on convex relaxation of AC Optimal Power 

Flow (OPF) for solving the ONR problem. An 

exhaustive power flow has been carried out by 

solving the ONR problem with the aim of loss 

minimization along with the voltage profile 

improvement in the presence of shunt capacitors in 

the RDS [17].  
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Magadum and Kulkarni [18] proposed simultaneous 

use of ONR and optimal allocation of shunt 

capacitors and DG units by considering the multiple 

conflicting objectives, i.e., minimization of power 

loss in the RDS, voltage stability enhancement, and 

reduction in line loading. An approach for solving the 

ONR problem using the Supporting Hyperplanes 

algorithm and Mixed-Integer Linear Programming 

(MILP) is solved in [19] and it determines the on/off 

status of switches and optimal placement of shunt 

capacitors and DG for power loss minimization. An 

OPF based heuristic methodology for ONR with 

continuous functions to model open/close switch has 

been proposed in [20]. The proposed technique starts 

by closing all the switches. Then, based on the 

heuristic technique obtained from the ONR solution 

the switch that candidate to be open to break the next 

loop is selected. This procedure is repeated until all 

the loops are broken and a radial configuration is 

obtained. 

 

From the above review, it is observed that various 

techniques have been proposed for NR, DG, and D-

STATCOM by considering the various objectives. 

However, there is a requirement for solving the 

optimal distribution system problem by considering 

NR, DG units, and D-STATCOM simultaneously. In 

this paper, the DEA is used for solving the proposed 

problem with loss minimization objectives. This 

paper develops different combinations of NR, DG, 

and D-STATCOM allocation to strengthen the 

efficiency of distribution systems based on power 

loss minimization and voltage profile enhancement, 

as these are the two major issues in the recent 

competitive power scenario. This paper proposed the 

optimal planning of smart distribution networks with 

DG and D-STATCOM allocation, and also 

emphasized the future research directions.  

 

3.Methods 
3.1Distribution load flow (DLF) 

This section describes the mathematical equations in 

the load flow formulation and the necessary steps to 

obtain the objective of the work. Most of the 

distribution system load flow techniques are 

predominantly based on backward forward sweep 

methodology, and it is cleared from the existing 

research work. In this paper, the load flow proposed 

in reference [21] is used. In this method, the 

backward propagation method is used to calculate the 

line currents by using Equation 1. 

   (
  

  
)
 

                                (1) 

 

Where    and    are the bus voltage and complex load 

demand at bus j.    is the number of buses. The 

forward propagation method is used to determine the 

voltage at each bus with the current in each line is 

held constant to the value obtained in the backward 

step. The voltage at the bus (j+1) is calculated by 

using the forward propagation as [22, 23] (Equation 

2). 

          (      )   (2) 

 

The load flow is converged, if the voltage difference 

between two consecutive iterations is less than the 

specified tolerance (ɛ) value, and it can be expressed 

as [24] (Equation 3). 

   (|  
 |  |  

   |)       (3) 

 

where   
  and   

    are the voltages at bus j in t
th

 and 

(t-1)
th

 iterations, respectively 

 

3.2Modeling of RDS 

The Single Line Diagram (SLD) of RDS is depicted 

in Figure 1. The real and reactive power losses in a 

k
th

 line between the buses j and (j+1) can be 

expressed as [25, 26] (Equation 4 and 5). 

 (     )
       (

  
    

 

|  |
 )   (4) 

 (     )
       (

  
    

 

|  |
 )   (5) 

 

Where    and    are resistance and reactance of a 

branch connected between the nodes j and (j+1).    is 

the line current in the k
th

 line. 

jth 

Bus Pk+jQk

Rk+jXk

PD,j, 

QD,j

Ij

Vj

k
th
 line

Vj+1

PD,j+1, 

QD,j+1

(j+1)th 

Bus

 Figure 1 SLD of RDS 

 

Total Active Power Loss (TPL) and Total Reactive 

Power Loss (TQL) of the entire RDS are expressed as 

Equation 6 and 7. 

 

    ∑  (     )
      

        (6) 

    ∑  (     )
      

      (7) 
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3.3Modeling of D-STATCOM 

Figure 2 depicts the D-STATCOM installed at a bus 

(j+1) of RDS. D-STATCOM is a power electronic-

based shunt connected distribution Flexible 

Alternating Current Transmission System (FACTS) 

device used for the compensation of reactive power 

[27, 28]. This D-STATCOM consists of a coupling 

transformer and Voltage Source Converter (VSC). 

 

jth 

Bus

Pk+jQk

Rk+jXk

PD,j, 

QD,j

Ij

Vj

k
th
 line

Vj+1

PD,j+1, 

QD,j+1

(j+1)th 

Bus

Voltage 

Source 

Converter

+

-
Coupling 

Transformer

 
Figure 2 Modeling of D-STATCOM installed at the bus (j+1) of RDS 

 

3.4Objective function and constraints  

The main aim of this work is to minimize TPL in the 

system [29]. Mathematically, it can be expressed as 

Equation 8. 

Minimize, 

∑   
     

  
       (8) 

Subjected to the following constraints. 
3.4.1Equality constraints 

This is the power balance constraint, which states that 

power output from the grid and DG must be equal to 

power demand by the consumers and power losses in 

the lines [30, 31]. This constraint can be expressed as 

Equation 9. 

  
     ∑       

   
   ∑      ∑   

      
  
   

  
   (9) 

  

  
     and       are the active power outputs/power 

generations from the grid and i
th

 DG unit [32].      is 

the power generation at bus i and      is the power 

demand of loads connected at bus i. Power balance 

equation at a particular bus i is given by Equation 10. 

                  (10) 

 

In similar lines, the reactive power balance equation 

is given by [33] (Equation 11). 

  
     ∑                  

   
   ∑      

  
   

∑   
      

  
       (11) 

 

Where   
     is reactive power output/generated from 

the grid,       is reactive power generated from the i
th

 

DG unit, and            is reactive power output 

from D-STATCOM [34].     and    are the number 

of DG units and lines/branches. 
3.4.2Inequality constraints 

The limits on active and reactive power outputs from 

the DG units can be expressed as [35] (Equation 12 

and 13). 

     
               

        (12) 

     
               

      (13) 

 

Line current constraints: The current flow in each 

line (  ) is limited due to its maximum current 

carrying capacity (  
   ), and mathematically, it is 

expressed by [36, 37] (Equation 14). 

|  |    
       (14) 

 

Constraints on bus voltages: Node/bus voltage of the 

system (  ) is limited by minimum and maximum 

limits, and it can be expressed as [38, 39] (Equation 

15). 

  
         

      (15) 

 

3.5Solution methodology 

Though the classic heuristic algorithms are more 

accurate they do not guarantee global optimal 

solutions for the systems with higher complexity. 

Therefore, during the last three decades, much 

research interest has been concentrated on the meta-

heuristic algorithms to resolve various problems 

associated with the distribution systems [40, 41]. 

Figure 3 depicts the solution methodology of the 

proposed optimization problem using the DEA. From 

this figure, it can be seen that the first step involved 

the load flow and calculating the power losses. 
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Fitness function is determined for the corresponding 

DEA solution. Then the stopping criterion is checked 

[42, 43], if it is satisfied then print the optimum 

results, otherwise, apply mutation, crossover, and 

selection operators until the stopping criteria are met. 

 

 

Read the input data related to the distribution system and number 

of tie-line switches for the system under consideration

Run the power flow solution and determine 

the objective function

Start

Output the objective function 

value, ONR and the 

corresponding locations and 

sizes of DGs and D-STATCOMs

Yes

Initialize the DE population with random numbers (i.e., set control 

parameters), maximum number of iterations

Is iter < itermax ?
No

STOP

Apply mutation (i.e., calculate 

the difference) operator

Apply crossover / 

recombination (i.e., multi-

point crossover) operator

Apply selection (i.e., elitist 

replacement) operator

Determine the objective function

Increment the 

iteration count

 
Figure 3 Solution methodology of the proposed optimization problem 

 

4.Results 

To show the effectiveness and to validate the 

obtained results using the proposed solution 

methodology, the IEEE 69 bus RDS are selected in 

this paper. The test system data, i.e., load demand, 

lines, and tie-lines are taken from [44]. The active 

and reactive power demands of this test system are 

3,802 kW and 2,694 kVAr, respectively. In this test 

system, the base case active power loss is 

225.041kW. This system has 68 lines (1-68), i.e., 

sectionalizing switches (normally closed) and 5 tie-

lines (69-73), i.e., tie-line switches (normally open), 

and they are shown in Figure 4. Here, the DLF is 

performed by considering the base voltage of 12.66 

kV and the base MVA of 100. In this test system, the 

base case power loss obtained is 225.04kW. Based on 

the several works from the literature, in the present 

work, it is assumed that a maximum of 3 DG is 

incorporated in this test system, and the maximum 

capacity of each DG unit is 2 MW. Inside the DEA, it 

is considered that the DE population size is 50 and 

the maximum number of iterations is 200. In this 

paper, all the programs are developed in MATLAB 

and they are implemented on a PC with an Intel Core 

i7 processor, 8 GB RAM, and 2.40GHz base 

frequency. 

 

In this work, 6 simulation studies are performed, and 

they are: 

 Case 1: Without any optimization (base case) 

 Case 2: Operation of RDS with only NR 

 Case 3: Operation of RDS with only DG allocation 

 Case 4: Operation of RDS with both NR and DG 

allocation 

 Case 5: Operation of RDS with both NR and D-

STATCOM 

 Case 6: Operation of RDS with simultaneous NR, 

DG allocation and D-STATCOM 
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Figure 4 SLD of IEEE 69 bus before the NR 

 

4.1Results for case 1 

In this paper, case 1 refers to the base case, i.e., 

without NR, DG, and D-STATCOM allocation. In 

this case, lines 1 to 68 are closed, and the switches 69 

to 73 are opened. Power losses obtained in this case 

are 225.041 kW. In this case, the minimum voltage is 

obtained at bus number 65 and its value 0.9085 p.u., 

and they are presented in Table 1. 

 

 

Table 1 Simulation results for cases 1, 2, and 3 

 Case 1 Case 2 Case 3 

Opened switches 69, 70, 71, 72, 73 69, 70, 14, 56, 61 69, 70, 71, 72, 73 

DG size and location ----- ----- 483 kW at bus 10 

351 kW at bus 16 

1486 kW at bus 60  

Total capacity of DG units ----- ----- 2320 kW 

Minimum voltage in the system 

(in p.u.) 

0.9085 p.u. at bus 65 0.9419 p.u. at bus 62 0.9637 p.u. at bus 65 

Power losses (in kW) 225.041 kW 99.265 kW 82.611 kW 

Percentage reduction in power 

losses 

----- 55.89 63.29 

 

4.2Results for case 2 

As mentioned earlier, in this case, the optimization 

on 69 bus RDS is performed by considering only the 

NR. After the NR, lines 69, 70, 14, 56, and 61 are 

opened, and the system configuration has been 

depicted in Figure 5. Simulation results obtained in 

this case are reported in Table 1. The minimum loss 

obtained in this case is 99.265 kW, which is 55.89% 

less when compared to losses obtained in Case 1. In 

this case, the minimum voltage is obtained at bus 

number 62, and its value is 0.9419 p.u. 

 

4.3Results for case 3 

In this case, the simulations are performed by 

considering the allocation of DG units. The solution 

methodology presented in Figure 3 is used for the 

implementation of the proposed optimization 

problem. As this case doesn’t consider the NR, lines 

69 to 73 are opened. Here, 3 DG units are installed at 

the buses 10, 16, and 60, and their capacities are 483 

kW, 351 kW, and 1486 kW, respectively. The total 

capacity of these three DG units is 2320 kW. The 

minimum loss obtained in this case is 82.611 kW, 

which is 63.29% less when compared to the power 

losses of Case 1. In this case, the minimum voltage is 

obtained at bus number 62, and its value is 0.9419 

p.u. 

 

A complete list of abbreviations is shown in 

Appendix I. 
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Figure 5 SLD for case 2 (after NR) 

 

4.4Results for case 4 

In this case, the simulations are performed by 

considering the allocation of DG units and NR 

simultaneously. Here, the solution methodology 

presented in Figure 3 is used. The results obtained 

for this case are reported in Table 2. In this case, NR 

gives the lines 69, 70, 14, 55, and 62 are opened. 

Here, 3 DG units are installed at the buses 11, 27, and 

61, and their capacities are 492 kW, 506 kW, and 

1490 kW, respectively. The total capacity of these 

three DG units is 2488 kW. The minimum loss 

obtained in this case is 41.605 kW, which is 81.51% 

less compared to the power losses of Case 1. In this 

case, the minimum voltage is obtained at bus number 

64 and its value 0.9790 p.u. 

 

4.5Results for case 5 

In this case, the simulations are performed by 

considering the allocation of D-STATCOM and NR 

simultaneously. The results obtained for this case are 

reported in Table 2. In this case, NR gives the lines 

69, 71, 15, 54, and 61 are opened. Here, one D-

STATCOM has been installed at bus number 62 and 

its value is 984 kVAr. The minimum loss obtained in 

this case is 80.085 kW, which is 64.41% less when 

compared to the power losses of Case 1. In this case, 

the minimum voltage is obtained at bus number 62 

and its value 0.9532 p.u. 

 

4.6Results for case 6 

In this case, the simulations are performed by 

considering the allocation of DG units, D-

STATCOM, and NR simultaneously. Here, the 

solution methodology presented in Figure 3 is used. 

The results obtained for this case are reported in 

Table 2. In this case, NR gives the lines 69, 13, 21, 

55, and 64 are opened. Here, 3 DG units are installed 

at the buses 16, 50, and 61 and their capacities are 

488 kW, 510 kW, and 1459 kW, respectively. One D-

STATCOM is installed bus number 65 and its value 

is 1105 kVAr. Figure 6 depicts the optimal 

configuration of the IEEE 69 bus RDS system for 

Case 6. The minimum loss obtained in this case is 

38.429 kW, which is 82.92% less compared to the 

power losses of Case 1. In this case, the minimum 

voltage is obtained at bus number 65 and its value 

0.9805 p.u. 

 

Table 2 Simulation results for cases 4, 5, and 6 

 Case 4 Case 5 Case 6 

Opened switches 69, 70, 14, 55, 62 69, 71, 15, 54, 61 69, 13, 21, 55, 64 

DG size and location 492 kW at bus 11 

506 kW at bus 27 

1490 kW at bus 61 

----- 488 kW at bus 16 

510 kW at bus 50 

1459 kW at bus 61 

Total capacity of DG units 2488 kW -----  

D-STATCOM size and location (in 

kVAr) 

----- 984 kVAr at bus 62 1105 kVAr at bus 62 
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 Case 4 Case 5 Case 6 

Minimum voltage in the system (in 

p.u.) 

0.9790 p.u. at bus 64 0.9532 p.u. at bus 65 0.9805 p.u. at bus 65 

Power loss (in kW) 41.605 kW 80.085 kW 38.429 kW 

Percentage reduction in power loss 81.51% 64.41% 82.92% 
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Figure 6 Optimal configuration of IEEE 69 bus system for Case 6 

 

5.Discussion 

This paper addressed the various challenges of 

distribution network planning in the present 

deregulated environment with different scenarios of 

NR, DG, and D-STATCOM allocation. As 

mentioned in the previous section, in this paper 6 

case studies are performed in the MATLAB platform 

on 69 bus RDS. The obtained results are discussed in 

this section. In case 1, simulations are performed 

without NR as well as DG and D-STATCOM 

allocation. In this case, all the tie-switches are 

opened, i.e., without NR, the obtained power loss is 

highest and it is 225.041 kW, also the minimum 

voltage in the entire system is 0.9085 p.u. at bus 65. 

In case 2, the simulations are executed by considering 

only the NR tool, which resulted in the opened tie-

switches of 69, 70, 14, 56, and 61. The obtained 

results have lower power of 99.265 kW and an 

improved voltage profile (with a minimum voltage of 

0.9419 p.u. at bus 62) compared to case 1. The power 

losses obtained in case 2 are 55.89% lower compared 

to case 1. In case 3, simulations are performed by 

using the proposed solution methodology by 

allocating the DG units alone. Here, 3 DG units are 

allocated with a total capacity of 2320 kW and hence 

the obtained power losses are reduced from 225.041 

kW (base case/case 1) to 82.611 kW. This has 

resulted in a 63.29% reduction of power losses and 

improved voltage profile of the entire system with a 

minimum voltage of 0.9637 p.u. at bus 65 when 

compared to case 1. 

 

In case 4, the proposed methodology has been 

implemented by considering the NR along with DG 

allocation and this has resulted in power losses of 

41.605 kW and improved voltage profile of the entire 

system (with a minimum voltage of 0.979 p.u. at bus 

64) compared to cases 1, 2 and 3. In case 5, 

simulations are performed by including the NR and 

by optimally allocating the D-STATCOM in the 

RDS. The minimum losses obtained in this case are 

80.085 kW which is better than the losses obtained 

from cases 1, 2, and 3. In case 6, simulations are 

performed by considering the NR along with 

simultaneous DG and D-STATCOM allocation. The 

results obtained in this case are better compared to 

cases 1 to 5. The minimum loss obtained is 38.429 

kW which is 82.92% less compared to base case/case 

1. The voltage profile of the entire system has 

improved with the minimum voltage of 0.9805 p.u. at 

bus 65. From the above results and discussion, it can 

be concluded that the proposed methodology has 

resulted in minimum power losses and improved 

voltage profile in the entire RDS. 
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5.1Limitations  

In this work, DEA has been implemented for solving 

the DG and D-STATCOM allocation along with the 

NR problem on the IEEE-69 bus system, but a 

limitation can be its implementation in a practical 

distribution system. Certain types of DG units such as 

wind and solar powers can be analyzed and their 

uncertainty in output power generation can be 

modeled by using a probabilistic based approach. 

Another limitation can be modeling and analysis of 

the proposed approach for a period of one year and 

the calculation of performance indices and their 

impact based on the available geographical data by 

considering seasonally varying timely load demand, 

wind, and solar PV powers. The environmental, 

technical, and economic benefits need to be assessed 

through the optimal allocation of various components 

of practical distribution systems. These limitations 

can be handled in future research work. 

 

6.Conclusion and future work 

Optimal operation and planning of any distribution 

system are of importance to ensure that the 

performance of RDS needs to meet the expected 

power quality, power loss reduction, voltage stability, 

and reliability. This paper proposes an approach for 

optimal operation of RDS with different 

combinations of NR, DG, and D-STATCOM 

integration for minimizing the power losses in the 

system. The objective of this paper is to minimize the 

loss minimization in the distribution system by 

simultaneously allocating the DG units, shunt 

capacitors, and D-STATCOM as well as NR. The 

proposed problem is solved by using the DEA. 

Various simulation studies are performed on IEEE 69 

bus RDS. The obtained results reveal that by 

simultaneous allocation of DG and D-STATCOM 

units along with NR reduction of 82.92% in power 

losses when compared to the system with base case 

configuration. And also, by applying the proposed 

approach the minimum voltage in the system has 

been increased to 0.9805 p.u. from 0.9085 p.u. All 

results obtained in this research work are 

encouraging, and it can be further extended by 

integrating the electric vehicles for auxiliary support 

and voltage profile enhancement. The proposed 

optimal allocation approach can also be extended for 

the large-scale integration of renewable sources for 

active and reactive power support through the 

effective coordination of protective devices. 
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Appendix I 
S. No. Abbreviation Description 

1 ACO Ant Colony Optimization 

2 AI Artificial Intelligence 

3 DEA Differential Evolution Algorithm 

4 DG          Distributed Generation 

5 DLF                       Distribution Load Flow 

6 D-STATCOM       Distribution STATic 

COMpensator 

7 FACTS         Flexible Alternating Current 

Transmission System 

8 MILP                      Mixed-Integer Linear 

Programming 

9 NR Network Reconfiguration 

10 ONR    Optimal Network 

Reconfiguration 

11 OPF           Optimal Power Flow 

12 PV            Photovoltaic 

13 RDS                   Radial Distribution System 

14 SLD                    Single Line Diagram 

15 TPL        Total Active Power Loss 

16 TQL          Total reactive power loss 

17 VSC            Voltage Source Converter 

 

 


