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Abstract— This paper present the two stage method for 
reduce the power loss in power distribution system. The study 
involved the implementation of sensitivity analysis in order to 
minimum loss due to distribution system configuration. This 
method uses the loss sensitivity of transfer line with respect to the 
impedance of candidate branches in the stage I and branch 
exchange method in the stage II. In the stage I, the 
reconfiguration of power distribution system start with all 
candidate switches to be closed forming a meshed system, then 
the switches will be opened based on loss sensitivity analysis until 
the power distribution system forming a radial network structure 
and all load condition must have connectivity. In the stage II, 
implementation of branch exchange method is used to improve 
the solution found by the first stage. This method was 
implemented on 16-bus system and 33-bus system for 
demonstrating the effectiveness of proposed method. 

Index Terms -- radial distribution systems, minimization of 
losses, network reconfiguration, sensitivity analysis. 

I. INTRODUCTION 

Currently, most of the electric energy produce by power 
generation is lost during transmission and distribution 

before arriving at the consumer [1, 2]. Power distribution 
network produces a large number of power loss. It is because 
the distribution network operates in low voltage level [1]. Low 
voltage level may increase the current flow through the radial 
feeder (cable) and because of that, it will produce a large 
amount of power loss [1, 3]. High power losses will cause 
voltage drop at the receiving end. Voltage drop must be 
reduced to keep the voltages at load point within a standard 
limit [4]. Power loss may also increase when distribution 
network using radial feeder with long distance or large load. 
Radial feeder with long distance have more resistance as 
reported by J. P. Tewari [5]. The resistance of the radial feeder 
is the cause of the real power loss occurrence [3]. Occurrence 
of power loss also causes the temperature of the radial feeder 
(cable) to rise. The temperature rise on the cable will reduce 
the life span of the cable [5, 6]. Power loss can also reduce the 
reliability of power distribution network. 

The networks of distribution system are operated in a radial 
configuration, but their topology, especially in urban areas, is 
normally meshed to improve reliability of system [7]. 
Distribution network are generally built as interconnected 
network [1]. The number of normally close switches and 
number of normally open switches in distribution network 
allow the distribution network operate in a radial tree structure 

configuration [8]. Power distribution system are divided into 
subsystem radial feeder. Distribution network operate in radial 
configuration to simplify the protection [9, 10]. The 
connection in radial distribution can reduce the cost of 
operation with simplicity of their protection schemes and 
operating procedures, in addition to their lower short circuit 
currents [7]. 

Reconfiguration of a distribution system is a process, that 
alters the network distribution structure by changing the status 
(open/close) of the tie switches (normally open) and the 
sectionalizing switches (normally close) in the system [11]. 
After reconfiguration of distribution network process, the 
distribution network should operate at minimum cost and 
improve the system reliability [9]. To improve the reliability 
of radial distribution system, the values of all bus voltage 
magnitude in the system should be in their range [9, 12]. 

In this study, the reconfiguration process of radial 
distribution network are implemented based on real power 
sensitivities with respect to the impedances of the candidate 
branches in the first stage procedure [13, 14]. For the second 
stage procedure, branch exchange operation is used to improve 
the solution from the first stage procedure. In the second stage, 
the process is formed to simply to make exchanges among 
each of the switches and the corresponding top ranked 
neighbors, which were identified in the first stage [1, 14]. The 
solution algorithm will be tested on 16-Bus system and 33-bus 
system for demonstrating the effectiveness of proposed 
method. 

II. SOLUTION METHODOLOGY 

The objective of a distribution system reconfiguration is to 
minimize the power loss. It alters the network distribution 
structure by changing the status (open/close) of the tie 
switches (normally open) and the sectionalizing switches 
(normally close) in the system [7]. In determining the switch 
to be opened and closed, the system must also meet all the 
criteria needed to ensure the reliability of the distribution 
system [1]. 

Some of the criteria required in the reconfiguration is as 
follows: 

Vmin^ Vi < Vmax , i= l,2,3,..No. of nodes (1) 
I I <ILmax, L=l,2,3,....No. of branches (2) 
Load connectivity (3) 
Radial network structure (4) 
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Where 

PL real power loss of the system 

. Vj bus voltage magnitude 

IL current magnitude of branch 

tmax maximum current carrying capacity of branch 

V m a x max imum bus voltage magni tude at the bus 
Vmin min imum bus voltage magni tude at the bus 

Load connectivity means that all nodes in the network must 
be connected by some branches. Radial network structure 
means that distribution system network in radial connectivity. 

In this method, there have two stages of reconfiguration 
process. In the first stage procedure, the reconfiguration of 
power distribution system start with all candidate switches to 
be close forming a meshed, and then, the switches will be 
open based on loss sensitivity analysis until the power 
distribution system forming a radial network structure and all 
load condition must have connectivity [ 1 , 9 ] . Branch exchange 
method used in the second stage to improve the solution 
obtained from the first stage [1 ,9 , 14]. 

A. Stage I 
The reconfiguration process start by performing a power 

flow with all switches are closed, and then, the sensitivities of 
each branches was evaluate and rank them in the ascending 
order. The branches which result has the smallest sensitivities 
values (top tanked) are opened. Only one switch is opened, 
whereas all the remaining switches are closed. The criteria of 
the network configuration is that all nodes in the network 
should be connected by some branches and values of all bus 
voltage magnitude should be in range. If the network does not 
satisfy the criteria, the switches are back to closed condition. 
Under this condition, the next ranked branch/switch is selected 
to be open and above mentioned criteria are check again. The 
candidate switch is opened after the criteria are satisfied. 
Furthermore, store the neighboring switch with switch that 
have been opened in the list, based on the smallest sensitivities 
values. The list that will be use in the second stage procedure. 
After one of the switches is opened, the sensitivities of 
remaining branches closed are evaluate again, and the above 
procedure is repeated until the connectivity of the distribution 
system in radial network [1 ,9] . 

Because of the step by step selection of the switches to be 
opened, the first stage procedure may not guarantee optimum 
solution. Thus, there is possibility of the solution to improve 
using branch exchange method [1]. 

B. Stage II 
A second stage procedure is to improve the solution found 

in the stage I. In the stage II, a branch exchange operation is 
performed to improve the solution obtained from stage I. An 
exchange operation is defined as the action to close an opened 
switch and at the same time, open another switch where the 
switch is switched to the neighboring switch has been closed, 
so that the connectivity of network still in radial network [1, 
14]. 

The list has been prepared from the first stage consists of 
branch number. It based on the smallest sensitivities of the 

neighborhood of the opened switches. From the list, the switch 
are selected and an exchanged operation is performed. One by 
one, the opened branch in stage I is closed and the switch in 
the list is opened. For each configuration, all criteria must be 
satisfied. If the all criteria are satisfied, power flow is 
performed and the real power loss is determined and compared 
to the real power loss obtained in the previous configuration. 
If one of the configurations produce smaller real power loss in 
the system, then that switch is selected to be opened to replace 
the previously open switch [1,9]. 

C. Evaluation of Sensitivities 
The sensitivities of the branch is required to determine the 

switch that should be opened. The sensitivities of the branch 
are directly calculated from transfer line real power loss as 
follows [1]: 

Sensitivity = ^ = l ^ c o s ( ^ ) ...(5) 

Where: 
Vt, Vj the node voltage at node / and nodey 
Ztj the impedance of branch I between node / and nodey 
0tj the angle of impedance Ztj 

D. Algorithm 
The algorithm for the proposed method is as follows. 

Step: 
1. All the switches in the system are closed 
2. Perform power flow 
3. Evaluate sensitivities of real power loss with respect to 

the branch impedances and rank them in the ascending 
order. 

4. The top ranked switch are opened 
5. Check the load connectivity. Make sure all nodes has 

been connected by some branches 
6. If one of the node has no connectivity, close the opened 

switch and open next ranked switch and go to step 5 
7. If the all nodes has connectivity, perform a power flow 

with this switch open 
8. Check the solution. If the solution is not satisfied with 

the criteria required, close the opened switch and open 
the next ranked switch and go to step 5 

9. If the solution satisfied with the criteria required, then 
store the switch number in the neighborhood of the 
opened switch with the minimum sensitivity, in the 
branch exchange list 

10. If the system is not radial then go to step 2 
11. Exchange the switch with the corresponding switch in 

the branch exchange list 
12. Check the load connectivity. If one of the node no has 

connectivity then discard this branch exchange operation 
and go to step 18 

13. If all nodes has been connected by some branches, 
perform a power flow 

14. Check the solution. If the solution is not satisfied with 
the criteria required, then discard this branch exchange 
operation and go to step 18 

2 



Final Year Project 2013 Faculty of Electrical Engineering University Technology Mara Malaysia 

15. If the solution satisfied with the criteria required, 
compare real power loss with that previous configuration 

16. If the real power loss increase from previous then 
discard this branch exchange operation and go to step 18 

17. If the real power loss decrease from previous, update the 
new network configuration 

18. Remove the neighborhood switch of the switch opened 
in Stage I from the branch exchange list 

19. If the list is empty, stop, otherwise go to step 10 

The flow chart of the proposed method is shown in Figure 1. 

III. EXPLANATION OF THE PROPOSED METHOD 

Consider the 16-bus distribution system are sample for 
explanation of the proposed method. The configuration of the 
system as shown in Figure 2. This sample distribution system 
consist of 3 feeders, 16 branches and 16 buses [14]. 

For the reconfiguration process, all the sectionalizing 
switches and tie switches are considered as candidate 
switches. All the tie switches are initially closed, formed a 
meshed system and then power flow was performed for this 
system. The sensitivities of all candidate branches was 
evaluated. The candidate branches/switches are ranked in the 
ascending order based on the sensitivity values. 

Sensitivities of all candidate branches for the first iteration 
are shown in Table I. First iteration, the best ranked switch is 
si 6. Branch si 6 are opened and branch s4 are stored in the 
neighborhood switch list because s4 has better rank compared 
with the other adjacent branch si3. Power flow was performed 
with si 6 opened. The criteria required for the system is the 
values of all bus voltage magnitudes not exceed the limits for 
a more reliable system. So, the bus voltage was checked to 
ensure the values of all bus voltage magnitudes remain within 
the limits. If the values of bus voltage magnitudes out of 
range, si 6 are closed back and the next ranked switches is 
selected to be open. In this case, the value of bus voltage 
magnitude remain within the limits. So, the solution was 
satisfied with the criteria required, and then, the system are 
checked whether the system in radial network or not. For the 
first iteration, the system are not in radial network, the 
sensitivities of the remaining branches was evaluate again 
with si 6 are opened. Once switch si 6 are selected to be 
opened, all the switches in the same loops should be excluded 
from the list of switches. The opening of one of them will 
produce disconnected systems. Hence, rank the other branches 
in the ascending order based on sensitivities values. 

Since, the second iteration, top ranked sensitivities now is 
s7. Sensitivities at this iteration are shown in Table II. Branch 
s7 are opened and branch si 5 are stored in the neighborhood 
switch list. Power flow was performed with s7 opened. If the 
solution was satisfied with the criteria required, and then, the 
system are cheeked whether the system in radial network or 
not. For this iteration, the system still not in radial network^ 
sensitivities of the remaining branches was evaluate for next 
iteration. At this iteration, once switch si 6 and s7 are selected 
to be opened, all the switches in the same loops should be 
excluded from the list of switches. The opening of one of them 
will produce ̂ disconnected systems. Hence, rank the other 
branches in theiiscending order based on sensitivities values. 

/ Reconfiguration 

V process start 

| All switches closed thus forrningmeshed system | (T) 

— ;; - •[Perform power flow | (5) 

. Evaluate the sensitivities of real power loss with respect to all 
the branches impedance and rank them in the ascending order 

Open the top ranked switches |; (J ) 

(D 

No Yes 

(T) I Perform power flow | 

©: 
Closed the 

opened 
switch and 
open the 

next ranked 
switches 

•No-^ 

From neighborhood opened switch, store the 

best ranked switch in the neighborhood list 

Open the switch in the neighborhood list after closing 
the corresponding opened switch in the first stage © 

( Stop ) 

Figure 1: Flow chart of the proposed method 
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Figure 2: Configuration of 16-bus system 
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The sensitivities values of remaining candidate switches are 
shown in Table III. From Table III, it can be seen that, the top 
ranked switch is s8. Branch sl4 are stored in the neighborhood 
switch list. Power flow was performed. At this iteration the 
system configuration in radial network. Procedure of the Stage 
I are completed. The opened switches at end of Stage I are 
si 6, s7 and s8. 

The stage II procedure involve branch exchange operations. 
The branch exchanged method are to compute the change of 
power losses by operating a pair of switches (close one and 
open another one at the same time). The pair of the switch are 
between s7 and si5, s8 and sl4, si6 and s4. 

Stage II procedure started with switch si 6 are closed and s4 
are opened. The others switches are remain open/close. Power 
flow are performed and the real power loss of this 
configuration are compared with previous configuration (with 
si 6, s7 and s8 open). It can be seen that no reduction in the 
real power loss. So, the previous configuration is retained. 

Next, switch s7 are closed and si 5 are opened. The others 
switches are remain open/close. Power flow are performed and 
the real power loss of this configuration are compared with 
previous configuration (with si6, s7 and s8 open). It can be 
seen that no reduction in the real power loss. So, the previous 
configuration is retained. 

Next, switch s8 are closed and sl4 are opened. The others 
switches are remain open/close. Power flow are performed and 
the real power loss of this configuration are compared with 
previous configuration (with si6, s7 and s8 open). It can be 
seen that no reduction in the real power loss. So, the previous 
configuration is retained. Hence, the configuration at the end 
is opened switches is si6, s7 and s8. 

TABLE I 
SWITCHES AND SENSITIVITIES VALUES OF FIRST ITERATION OF FIRST 

PROCEDURE 16-BUS SYSTEM 

Sensitivity 
8.66E-06 
1.08E-05 
4.31E-05 

| 5.64E-05 
6.42E-05 
7.09E-05 

1 1.01E-04 
1 0.000107902 

switch 
sl6 
s7 
s4 
s3 

s l l 
sl3 
s8 
sl5 

Sensitivity 
0.000108608 
0.000146304 
0.000323202 
0.000382727 
0.001071719 
0.001691393 
0.002321581 

switch 
sl4 | 
sl2 | 
s2 j 
s6 

slO 
si 1 
s5 

TABLE II 
SWITCHES AND SENSITIVITIES VALUES OF SECOND ITERATION OF FIRST 

PROCEDURE 1 6-BUS SYSTEM 

Sensitivity 
1 1.86E-05 

7.88E-05 
8.57E-05 
9.29E-05 

1 1.30E-04 

Switch 
s7 

sl l 
s8 
sl4 
sl5 

Sensitivity 
3.01 E-04 
4.08E-04 
9.11 E-04 

0.001889306 
0.00229813 

Switch 
s2 
s6 

slO 
si 
s5 

TABLE III 
SWITCHES AND SENSITIVITIES VALUES OF THIRD ITERATION OF FIRST 

PROCEDURE 16-BUS SYSTEM 

l Sensitivity 
1.03E-04 
1.11E-04 

| 3.29E-04 

Switch 
s8 
sl4 
s2 

Sensitivity 
3.77E-04 
1.96E-03 
2.64E-03 

Switch 
s6 
si 1 
s5 

IV. RESULT AND DISCUSSION 

The proposed method was implemented on 16-bus system 
and 33-bus system for demonstrating the effectiveness of 
proposed method. 

A. 16-Bus System 
The proposed method was tested on 16-bus distribution 

system. The 16-bus distribution system before reconfiguration 
as shown in Figure 3, which has three feeders, 16 buses and 16 
branches (13 sectionalizing switches and 3 tie switches). The 
base value for the 33-bus system are V=12.66kV and 
S=10MVA. 3 tie switches (normally open) are between nodes 
5 and 11,10 and 14, 7 and 16 [14]. Power flow was performed 
at the initial configuration. Total real power loss for initial 
configuration are 0.3128MW. 

Feeder 1 Feeder 2 Feeder 3 

6 s4 7 sl6 16 sl3 15 
Figure 3: Initial configuration of 16-bus system 

After the proposed method was implemented, the 
configuration of 16-bus system distribution at the first stage, it 
can be seen that the opened switches are s7, s8 and si 6 and the 
neighborhood switch list are si 5, si4 and s4. The 
configuration of 16-bus system at the first stage as shown in 
Figure 4. The total real power loss at the first stage are 
0.2857MW. 
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Figure 4: Final configuration of 16-bus system 

The stage II procedure involve branch exchange operations. 
The branch exchanged method are to compute the change of 
power losses by operating a pair of switches (close one and 
open another one at the same time). The pair of the switch are 
between s7 and si5, s8 and sl4, si6 and s4. 

After branch exchanged method was implemented, it can be 
seen that, the opened switches are s7, s8 and si 6. There are no 
has changed switch. It means that, there are no reduction in 
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the real power loss after branch exchanged method was 
implemented. The switches opened from stage I are remain 
opened. The configuration at the end of second stage are same 
with the configuration the first stage as shown in Figure 4. The 
total real power loss at the first stage are 0.2857 MW. Hence, 
the configuration at the end is opened switches are s7, s8 and 
sl6. 

Table IV show the result for power loss minimization of 16-
bus system. For initial configuration, the opened switches are 
sl4, si5 and si6 (refer to Figure 3). After reconfiguration 
process in the first stage, the opened switches are sl6, s7 and 
s8 (refer to Figure 4). The real power loss are reduced from 
0.3128MW to 0.2857MW. At the second stage procedure, 
there are no reduction in the real power loss. So, the result of 
configuration at the first stage are the final configuration. The 
whole percentage reduction in the real power loss is 8.66%. 
Minimum voltage are also improve from 0.9811 pu to 0.9825 
pu at bus 12. 

TABLE IV 
THE RESULT FOR POWER Loss MINIMIZATION OF 1 6-BUS TEST SYSTEM 

System Status 

Initial 
configuration 

(Original) 
Final 

configuration 
(optimal) 

Open Switches 

sl4, si5 and 
sl6 

si 6, s7 and s8 

Loss reduction (%) 

Real power 
loss(MW) 

0.3128 

0.2857 

8.66 

Minimum 1 
bus voltage 
magnitude 
0.9811 pu 
(bus 12) 

0.9825 pu 
(bus 12) 

B. 3 3-Bus System 
The proposed method is also tested on 33-bus distribution 

system. This 33-bus test system consists of 1 source 
transformer and 32 load nodes and 37 branches (32 
sectionalizing switches and 5 tie switches). The base value for 
the 33-bus system are V=12.66kV and S=10MVA. It is shown 
in Figure 5 [14]. 5 tie switches (normally open) are between 
nodes 8 and 21, 9 and 15, 12 and 22, 18 and 33, 25 and 29. 
Power flow was performed at the initial configuration. Total 
real power loss for initial configuration are 0.1720 MW. 

After the proposed method was implemented, the 
configuration of 33-bus system distribution at the stage I, it 
can be seen that the opened switches are s7, slO, sl4, s32 and 
s37 and the neighborhood switch list are s6, s9, sl3, s36 and 
s28. The configuration of 33-bus system at the first stage as 
shown in Figure 6. The total real power loss at the first stage 
are 0.1123 MW. 

The stage II procedure involve branch exchange 
operations. The branch exchanged method are to compute the 
change of power losses by operating a pair of switches (close 
one and open another one at the same time). The pair of the 
switch are between s7 and s6, slO and s9, sl4 and sl3, s32 and 
s36, s37 and s28. 

After branch exchanged method was implemented, it can be 
seen that the opened switches are s7, s9, sl4, s32 and s37. It 
means that, thl^changed switch are from pair switch between 
slO and s9 only. Otherwise, the switches opened from stage I 

are remain opened. The configuration of 33-bus system at the 
second stage as shown in Figure 7. The total real power loss at 
the second stage are 0.1115 MW. Hence, the configuration at 
the end is opened switches are s7, s9, sl4, s32 and s37. 
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Figure 5: Initial configuration of 33-bus distribution system 
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Figure 6: First stage configuration of 33-bus distribution system 
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Figure 7: Second stage configuration of 33-bus distribution system 

5 



Final Year Project 2013 Faculty of Electrical Engineering University Technology Mara Malaysia 

For the 33-bus system, it can be seen that the real power 
loss are reduced from 0.1720MW to 0.1123MW at the first 
stage procedure. At the second stage procedure, the real power 
loss are reduced from 0.1123MW to 0.1115MW. Table V 
show the result for power loss minimization of 33-bus system. 
For initial configuration, the opened switches are s33, s34, 
s35, s36 and s37 (refer to Figure 5). After reconfiguration 
process in the first stage, it can be seen that the opened 
switches are s7, slO, sl4, s32 and s37 (refer to Figure 6). In 
the second stage, the real power loss are reduced when opened 
switches slO was exchange with s9. So, the opened switches 
configuration is changed from previous configuration. The 
opened switches in the second stage are s7, s9, sl4, s32 and 
s37 (refer to Figure 7). The whole percentage reduction in the 
real power loss are 35.17%. The smallest value of bus voltage 
magnitude for initial configuration are 0.9121 pu at bus 18. 
After the first stage proposed method are implemented, the 
smallest value of bus voltage magnitude are 0.9457 pu at bus 
number 33, and after the second stage proposed method are 
implemented, the smallest value of bus voltage magnitude are 
0.9473 pu, it also at bus number 33. 

TABLE V 
T H E RESULT FOR POWER Loss MINIMIZATION OF 33-BUS TEST SYSTEM 

System Status 

Initial 
configuration 

(Original) 

First stage 
configuration 

Second stage 
configuration 

(optimal) 

Open 
Switches 

s33, s34, s35, 
s36 and s37 

s7, slO, sl4, 
s32ands37 

s7, s9, sl4, 
s32 and s37 

Loss reduction (%) 

Real 
power loss 

(MW) 
0.1720 

0.1123 

0.1115 

35.17 

Minimum 
bus voltage 
magnitude 
0.9121 pu 
(bus 18) 

0.9457 pu 
(bus 33) 

0.9473 pu 
(bus33) 

V. CONCLUSION 

The two stage method, reconfiguration distribution network 
and branch exchange method has been presented in this paper. 
The purpose of this method is to reduce the real power losses 
subject to radial structure in which all loads must be served. 
Efficiency of this method is due to the use of sensitivity of the 
candidate branches at the first step. The next step is uses 
branch exchange method to improve the solution. The result 
shows that the real power loss are reduced as much as 8.66% 
for 16 bus system and 35.17% for 33-bus system. Voltage 
profile of the system are also improved. Since the proposed 
method are based on heuristics, this method may not guarantee 
a optimum solution. However, it provides a good suboptimal 
solution. 
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