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Abstract 
 
This research is to enhance the quality of power by reduce real power loss in distribution system and enables voltage profile enhancement 

at each bus. This will achieve by integrating Distributed Generation (DG) in optimal place with suitable size. In order to overcome the 
disadvantage of sluggish convergence of conventional algorithms the BAT Algorithm (BA) is used. In this paper the week buses are 
finding by using Backward/Forward (BW/FW) sweep approach based on real power loss. Later by using BA approach determination of 
optimal capacity and location will be done. This optimal size and location will leads to great minimization in real power loss and im-
provement of voltage at each bus. In this research the wind energy and Photo Voltaic (PV) energies are consider as DGs. This research is 
to determine the advantage of the proposed analysis on IEEE-69 radial bus using MATLAB software. The results were evaluated with 
the GSA approach existing in literature. Finally simulation outcomes prove that the proposed approach performance is superior  in en-
hancing the power quality by optimal placement of DG and capacity of the DG. 
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1. Introduction 

One of the most advantageous methods for minimizing something 
undesirable losses in distribution systems is to introducing DG’s 

in the existing distribution systems [1]. The DG integration has 
practical advantages in photovoltaic, wind, gas turbine, geother-
mal, biomass and fuel cells. The technical benefits include voltage 
profile improvement, active power loss minimization; improve 
reliability of the system, etc. [2] [3]. All the benefits will achieve 
by integrating DG at optimal place with capacity. Improper DG 
integration in the network will lead to increase in power loss. [4-
6]. However, the assignment is to enhance the network power 

quality by integrating the suitable DG size and site in network is 
not so easy [7]. 

Conventionally, the mixed integer linear program, Genetic Algo-
rithm (GA), Tabu Search (TS), Particle Swarm Optimization 
(PSO) approach, direct search algorithm and Ant Colony Optimi-
zation (ACO) algorithms were used for analyse the proper DG 
capacity and place. In those research papers while locating DGs 
importance is given mostly on the minimization of active power 
loss. Some authors have illustrated to improve the voltage of the 

system also [8-10]. 

Recent Research work:  

Most of research works are previously existed in literature survey 
which is based on proper place and capacity of DG in the system. 
Some of the works are reviewed here. 

Satish Kansal et al. [11] presented a technique for proper location 
of various types of DGs. The proper site and capacity of DGs was 

used to reducing the active power loss. Various types of DGs 
providing real and reactive power at various buses have been con-
sidered in their presented technique. The Particle Swarm Optimi-
zation (PSO) approach has utilized to determine proper place of 
DGs. The outcomes found from the PSO approach have been 
evaluated with the analytical technique outcomes. Their presented 
technique was simulated on IEEE -33 and IEEE – 69 networks. 

Banaja Mohanty et al. [12] have presented a Teaching Learning 

Based Optimization (TLBO) approach to determine the proper DG 
capacity and site.  The  proper site  and  capacity  of  DG  was  
evaluated by having  Voltage Stability Index (VSI)  as  an  objec-
tive  function.  The  advantage of  their  presented  technique  has  
been  illustrated  by  evaluating the  outcomes  of  GA  and  PSO  
techniques.  Evaluation  has  completed by  utilizing  network  
outcomes  like  the  active  power  loss  and voltage.  In  their  
research,  IEEE - 33 and IEEE - 69  buses  were considered. 
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2. Radial Distribution System Power Flow 

Analysis: 

 
Fig.1: A two bus system single line diagram 

This paper majorly focused on improvement of voltage profile 

waveform at every system bus by penetrating DGs into system for 
optimal capacity and optimal location in the given system. This 
objective function shows mathematically as: 
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The multi-objective optimization of above equation can be written 
individually as below:   

2.1 To find voltage profile improvement:  
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Where Vni is ni bus voltage and Vref is 1∟00 Per Unit. 

2.2 To find active power loss: 
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Where Iij is Current of branch ij, Rij is Resistance of branch ij, Peffj 
is effective real power fed at bus j, Qeffj is effective reactive power 

fed at bus j, Vj is voltage at bus j. 
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Here Vi is voltage at bus i, Vj is voltage at bus j , Zij is impedance of 
line i-j, φij is angle of line i-j, δi is angle of Vi, δj is angle of Vj. 
 

2.3 To find Voltage Stability Index (VSI): 
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Where Vi is voltage at bus i, Peffj is effective active power fed at bus 
j, Rij is Resistance of branch ij, Qeffj is effective reactive power fed 

at bus j, Xij is Reactance of branch ij, P and Q are the active and  
reactive power. 
 
Low VSI value will lead the system instable. Because of this 
reason it is required to find the minimum VSI point in the system. 
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2.4 Voltage Constraint: 

The voltage tolerance range for all buses is as follows: 
 

Vmin≤Vni≤Vmax                                                                                                                          (8) 
 

Where, Vmin is minimum voltage, Vmax is maximum voltage, Vni is 
voltage at bus ni 
. 

2.5 Real Power loss constraint: 
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Where, PLwithoutDG is without DG power loss, PLwithDG  is with DG 
power loss. 

2.6 DG Constraint: 
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Where, Sdg
min is minimum apparent power at bus ni, Sdg

max is max-
imum apparent power at bus ni, Sdg

ni is apparent power at bus ni. 

3. Load Flow Analysis: 

IEEE-69 radial distribution network with single slack bus and 
remaining load buses. Forward/ Backward sweep technique is 
using for power flow analysis. This method has two processes. In 
the first process the voltage at each bus is calculated and check for 
tolerance using backward sweep. Initially backward sweep, Initi-

ates from the termination bus. Later forward sweep, Initiates from 
Initial bus. The base value of voltage is 12.66KV and base value 
of power is 100 MVA. 0.0001p.u is the tolerance.  

3.1 Forward/Backward sweep approach: 

1- Step: Consider line resistance and reactance data and bus  data  
2- Step: Set base values for power and voltage  
3- Step: Compute per unit value of impedance and load 
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4- Step: Start backward sweep from termination bus to initial  
 bus to determine every bus voltage and active &reactive power 
loss 
5- Step: Start forward sweep to determine every bus voltage  
and active and reactive power loss 
6- Step: After performing backward sweep, convergence  
should be checked. 
Vcalculated - Vspecified  <  ε, here: ε is tolerance 

7-Step: If power flow not converged, repeat 5-Step and 6- 
Step, else proceed to 8-Step 
8- Step: Note outcomes of voltage at every bus and active  
power loss  
9- Step: Stop 

4. Bat Algorithm 

Bat algorithm is using to minimize active power loss and im-
provement of voltage by proper DG capacity and site. The load 
flow means real and reactive power; voltage and the loss of real 
power have been found with the help of the backward/forward 
sweep approach. So the maximum real power loss and VSI bus 
and the consistent affecting values are obtained with the help of 
the Bat algorithm. [13]. 

  
a) It is clear that the bats are capable to differentiate de-

tachment of pray, environmental complication and dis-
similarity in the existing pray/food in the search course 
in different mysterious methods by echolocation posses-
sions. 

b) A kth Bat fly randomly through position as xk, velocity 
as vk, frequency as fmin but through changeable wave-

length as kk and echo loudness as A0 to investigate 
pray/victim. Micro-bats encompass a capacity to control 
frequency of the discharge echo pulses and pulse rate 
discharge out of r ε [0, 1] along with the detachment of 
their pray/food. 

c) The echo pulse loudness should be diverse as dropping 
among diminished detachment of the food, i.e. from 
great A0 to a smallest value Amin (at pray/food position) 
[14].  

 
Here, the bat stimulated approach was used to obtain the most 
optimal DG capacity and sit. Primarily the populace dimension, 
dynamic and reactive power limitations are initialized and ran-
domly generated the bus numbers for evaluating the objective 
function. The objective task of the projected method is minimiza-
tion of loss of power, VSI and maximizing the voltage. 

 

 
 

 
Fig. 2: Flow chart of proposed Bat algorithm technique 

5. IEEE-69 Radial Distribution System 

 
Fig. 3: IEEE-69 Radial Distribution System 
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6. Results 

The performance results of the BW/FW sweep analysis before DG 
placement, GSA analysis on load condition on IEEE - 69 bus is in 
table.1. 

Table.1: Optimal location and capacity of dg using GSA method on  

IEEE-69 bus 

Bu

s 

No 

Nor-

mal 

Power 

Loss 

(kW) 

Power loss 

(kW) 

% Re-

duction  

DG ca-

pacity 

(kW) 

Optimal 

bus con-

nected 

for DG 
Load 

Pow-

er 

Loss 

GSA 

Pow-

er 

Loss PV 
W

T 

P

V 

W

T 

69 237.9 

241.4 226.7 
6.1 

12 
20

9 
24 26 

238.2 224.9 
5.5 

85 
15

8 
54 19 

386.3 274.8 
28.8 10

0 

19

6 
53 68 

261.2 193.4 
25.9 

60 
20

4 
61 58 

The performance results of the BW/FW sweep analysis before DG 
placement, BAT analysis on load condition on IEEE - 69 bus is in 
table.2. 

Table.2: Optimal location and capacity of dg using BAT method on  

IEEE-69 bus 

Bu

s 

No 

Nor-

mal 

Power 

Loss 

(kW) 

Power loss 

(kW) 

% Re-

duction  

DG ca-

pacity 

(kW) 

Optimal 

bus con-

nected 

for DG 
Load 

Pow-

er 

Loss 

GSA 

Pow-

er 

Loss PV 
W

T 

P

V 

W

T 

69 237.9 

241.4 226.5 
6.1 

12 
20

5 
20 20 

238.2 232.6 
2.3 

85 
16

0 
48 24 

386.3 230.7 
40 10

0 

15

3 
12 30 

261.2 227.2 
13 

60 
16

5 
12 14 

Initially, the vulnerable buses are identified on the maximum 
power loss and VSI. After the DG is placed and expected their 
capability by different methods. The above tables 1 and 2 prove 
that the different location and capacity of DG. In the table prove 
their power loss reducing and DG capacity. In the base condition, 

the loss is 237.9656 kW. The performances are comparing by the 
BW/FW sweep method, GSA and BA technique. In the BA meth-
od, the base losses are reduced up to 224.867 kW. The real power 
loss reduced percentage as associated to the base value is 41.79 %. 

 

 
Fig. 4: Comparison Analysis of power loss using various methods when 

load added on (a) 20 (b) 22 (c) 24 and (d) 63 bus 

 
Fig. 5: Comparison Analysis of voltage using various methods when load 

added on (a) 31 (b) 37 (c) 48 and (d) 49 bus 
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7. Conclusion 

This paper firstly shows that the voltage profile from power flow 
analysis using BW/FW sweep analysis on IEEE-69 bus radial 
network. After that GSA and BA are utilized to determine proper 
place and capacity of the DG to enhance the power quality by 

optimize the voltage and reduce active power loss. These methods 
implemented on MATLAB/Simulink software under normal and 
loaded conditions. By the comparison of different algorithms it is 
clearly shown that the BA analysis is the efficient and effective 
power flow analysis for the radial power distribution networks. 
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