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ABSTRACT: Distribution system is the system where the loads are directly connected. Due to connectivity of 
different types of load connection the R/X ratio is more which gives the high resistive nature for distribution system. 
Hence the distribution system inherently contains more power losses. If the power losses increase, as moving from 
sending end to receiving end in radial distribution system the voltage instability occurs. This condition is not good for 
electrical systems. Due to the nature of load and line impedance power loss occur in the radial system. 
In this paper the main problem focused on which bus is more sensitive to get instability known as sensitive bus. To do 
this Power Loss Reduction Index (PLRI) has considered. This index gives which bus is more sensitive. Sensitive bus 
means the bus which is going to be affected by the abnormal conditions quickly such as faults, sudden changes in load 
etc. 
In this paper the PLRI is evaluated for 10-bus, 12-bus, 13-bus and 15-bus radial distribution systems in 
MATLAB/SIMULINK environment. 
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I. INTRODUCTION 
 

The distribution system contains more R/X ratio when compare to transmission system since loads are directly 
connected to distribution system. Due to this losses are more in distribution system than transmission system. The 
power losses, voltages in distribution system will be evaluated by using load flows techniques. The authors proposed 
different methods for radial distribution system in the past. After evaluation of the load flows, the number of authors 
proposed various methods to find sensitive bus in the past. 
Kersting and Mendrive [1] have mentioned ladder theory based load flow techniques. Das [2] presented a load flow 
technique based on lateral, bus and branch numbering scheme. Goswami and Basu [3] presented a direct method for 
radial and mesh distribution system. In this paper simple Backward and Forward sweep method has used for load flow 
solution [4]. Avani [5] proposed an index based on voltage for sensitive node evaluation. 
 

II. PROBLEM FORMULATION 
 

Power loss reduction index (PLRI) = ( ) 	( )
( ) 	( )

    (1) 
Where, i is the branch number from 1 to total number of branches. 
Here in order to find PLRI, first have to compensate the real power load at each bus. After compensating real power at 
each bus, load flows have to run again. From these load flows real power losses will be evaluated. From these real 
power losses at each branch the PLRI will be calculated by using equation (1). 
 

III. METHODOLOGY FORMATION 
 
Procedure for finding PLRI: 
1. Run the load flows 
2. Find bus voltages and branch power losses from the load flows. 
3. Compensate the real power value of load at each bus. 
4. Run the load flows again. 
5. From this load flows evaluate the real power losses at each branch. 



 

    ISSN (Print)  : 2320 – 3765 
    ISSN (Online): 2278 – 8875 

International Journal of Advanced Research in  Electrical, 
Electronics and Instrumentation Engineering 

(An ISO 3297: 2007 Certified Organization) 

Vol. 5, Issue 9, September 2016 

Copyright to IJAREEIE                                                       DOI:10.15662/IJAREEIE.2016.0509060                                             7560  

6. Evaluate PLRI at each bus using equation (1). 
7. Assign the bus having PLRI value equal to 1 as sensitive bus. 
 

IV. RESULTS AND ANALYSIS 
 

Test system-1: 10-bus radial distribution system 
 

Table: The power loss reduction index for 10-bus radial distribution system 
 

Bus Number PLRI (per unit) 
1 0 
2 0.3769 
3 0.0139 
4 1.0000 

5 0.6482 
6 0.1802 
 7 0.0027 
8 0.0075 
9 0.0202 
10 0 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure1: power loss reduction index for 10-bus radial distribution system 

 
Figure 2: power loss reduction index for 10-bus radial distribution system 

1 2 3 4 5 6 7 8 9 10
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Bus Number

P
LR
I V
al
ue
s 
in
 p
er
 u
ni
t

1 2 3 4 5 6 7 8 9 10
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Bus Number

P
LR

I V
al
ue

s 
in
 p
er
 u
ni
t



 

    ISSN (Print)  : 2320 – 3765 
    ISSN (Online): 2278 – 8875 

International Journal of Advanced Research in  Electrical, 
Electronics and Instrumentation Engineering 

(An ISO 3297: 2007 Certified Organization) 

Vol. 5, Issue 9, September 2016 

Copyright to IJAREEIE                                                       DOI:10.15662/IJAREEIE.2016.0509060                                             7561  

The table 1, figure 1 and figure 2 gives the values of power loss reduction index in per unit at each bus for 10-bus radial 
distribution system. Here it is observed that bus-4 has PLRI value as 1 per unit. Hence bus-4 is the sensitive bus for 10-
bus radial distribution system. 
 
Test system-2: 12-bus radial distribution system 
 

Table 2: The power loss reduction index for 12-bus radial distribution system 
 

Bus number PLRI (per unit) 

1 0 
2 0.8145 
3 0.6529 
4 0.9453 
5 1.0000 
6 0.2709 
7 0.2134 
8 0.5370 
9 0.3699 
10 0.0855 
11 0.0155 
12 0 

 

 
Figure 3: The power loss reduction index for 12-bus radial distribution system 
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Table-2 and figure 3 explains the details of PLRI values of 12-bus radial distribution system. Here it is clear that bus-5 
has PLRI value as 1 per unit. So the sensitive bus is bus-5 for 12-bus radial distribution system.   
 
Test system-3: 13-bus radial distribution system 
 

Table 3: The power loss reduction index values for 13-bus radial distribution system 
Bus number PLRI (per unit) 

1 0.0000 
2 1.0000 
3 0.8421 
4 0.1836 
5 0.2772 
6 0.1161 
7 0.2633 
8 0.0990 
9 0.0699 

10 0.0586 
11 0.0238 
12 0.0148 
13 0.0000 

 

 
Figure 4: The power loss reduction index for 13-bus radial distribution system 

 
Figure 5: The power loss reduction index for 13-bus radial distribution system 

 
Table 3, figure 4 and figure 5 show the PLRI values of 13-bus radial distribution system. Here bus-2 has PLRI as 1 per 
unit hence bus-2 is the sensitive bus for 13-bus radial distribution system. 
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Test system-4: 15-bus radial distribution system 
 

Table 4: The power loss reduction index values for 15-bus radial distribution system 
Bus number PLRI (per 

unit) 
1 0 
2 1.0000 
3 0.2971 
4 0.0632 
5 0 
6 0.0113 
7 0.0001 
8 0.1520 
9 0.0090 

10 0.0015 
11 0.0559 
12 0.0143 
13 0.0005 
14 0.0039 
15 0.0102 

 
Figure 6: The power loss reduction index for 15-bus radial distribution system 

 
Figure 7: The power loss reduction index for 15-bus radial distribution system 

 
Table 4, figure 6 and figure 7 mention the power loss reduction index for 15-bus radial distribution system. The bus-2 
has PLRI value as 1 per unit. Hence bus-2 is sensitive bus for 15-bus radial distribution system. 
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V. CONCLUSION 
 

The sensitive node plays crucial role in power system maintenance and planning. The sensitive node gives an idea how 
the distribution system buses behaving towards faults and abnormal conditions. In this paper the sensitive node is 
evaluated for 10-bus, 12-bus, 13-bus and 15-bus radial distribution systems.  
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