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Abstract 
This paper describes an integrated scheme for distribution 
system loss minimization with consideration of line 
capability limits via reconfiguration. Line capability limits 
are incorporated into the single loop optimization process 
as constraints. The integrated scheme is tested by 38 - bus 
distribution system for different initial configurations, 
system losses are reduced significantly without any 
overload occurrence on feeder transformer network. 

Introduction 
Distribution system reconfiguration is a process of altering 
the topology structures of distribution feeders by changing 
open/closed status of the sectionalizing and tie switch. As 
operating conditions change, networks are reconfigured for 
two purposes: (1) to reduce the network real power losses 
and (2) to relieve overloads in the network, or to balance 
network load. Since the distribution systems are configured 
radially and there may be a lot of switches to be dealt with 
in reconfiguration process, heuristic approaches, mostly 
based on approximate power flow estimation methods, 
have been suggested to solve the reconfiguration problem. 

The works by [ I ,  2, 31 develop multi loop optimization 
technique. In the multi loop optimization method, all 
network switches (Normally Open Switches) are fmt 
closed to form a meshed network. The switches are then 
opened successively to restore the radial configuration. 
Several approximations are used for the determination of 
the opedclosed switch. In this approach, the opedclosed 
switch scheme is determined for a meshed network. 
Therefore, the switch to be opened (for opening a loop) 
can be selected properly at the last solution step only 
where there is one loop in the network and the remaining 
portion is radial. In all other steps, there are a number of 
network loops, which do not correspond to the actual 
operating condition. Therefore, the feeder configuration 
obtained by the multi loop approach may not be the 
optimum or near optimum one. The single loop 
optimization [4, 5 ,  61 is proposed to overcome this 
shortcoming. In the single loop optimization process, an 
initial open switch list is needed and formed according to 
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system normally open switches. System single loop is 
formed by closing one switch in the open switch list. The 
loss minimization procedure is to find a branch in the 
single loop so that the loss increase caused by opening the 
selected branch is lowest. This branch will be opened to 
form a new radial configuration. The open switch list will 
be refreshed by the new branch switch. This process is 
conducted consecutively for all switches. At each step, 
when the branch in the single loop is determined, the 
open switch list will be refreshed by the new branch 
switch. This process will be stopped until the switches in 
the open switch list are not changed. The network 
reconfiguration with loss minimization is determined by 
the finally open switch list. Figure 1 is used to explain 
single loop optimization. There are 10 lines (1-lo), 2 
Normally Open Switches (NOS) in the system. Two loops 
are formed by closing NOS I 1  and 12. Loop 1 is formed 
by lines 2, 3, 5,6,  and NOS 1 1, while loop 2 is formed by 
lines 3, 4, 8, 9, 10, and NOS 12. The initial switches in 
switch list are NOS 11 and 12. The optimization process 
starts with closing NOS 11 in loop 1, then the process 
tries to open lines one by one in loop 1 to calculate 
system loss for each open line scheme. The line with the 
lowest loss will be opened to maintain radial 
configuration. Then similar process is applied to loop 2. 
The above process is the first cycle of the optimization. 
Since the open line scheme in loop 2 may change the 
open line scheme in loop I ,  the process goes back to loop 
1 to determine the open line scheme. Similarly, same 
process is applied to loop 2. This is the second cycle of 
the optimization. This process will be stopped when open 
line scheme are same for cyclej and cycle (i+l). 

Figure I .  Single Loop Optimization 

A key problem for single loop optimization is to define a 
criterion which is used to determine the open branch in 
the single loop to minimize system loss. With the 
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assumption of constant current load, the single loop 
optimization becomes a very simple process, therefore, is a 
very fast process. 

li is the current in line i 
1, is the current in line j 
ri is the resistance of line i 

Since the optimization criteria are different, loss 
minimization and load balancing processes are often 
studied separately. Line capability is not considered in the 
optimization process of loss minimization and overloads 
may occur in some lines for operating conditions. On the 
other hand, in load balancing, an average load balance 
index is minimized. This average load balance index 
cannot reflect load condition in all lines, therefore, 
overload may still occur in some lines. 

Recently, multiple objective optimization technique was 
used to solve distribution system reconfiguration problem 
[7, 8,9]. This approach can handle loss minimization, load 
balancing, voltage deviation minimization, as well as 
reliability simultaneously. Also, the capability constraints 
can be taken into account. In order to get a globally 
optimum solution, two stage solution approach is 
introduced. The first stage is to yield a reasonably good 
solution for stage 2 using a power flow type solution 
approach. The branch exchange scheme is employed to 
find a better solution until stopping criteria are met. This 
optimization process may be time consuming. 

Eqn (1 ) can be rewritten as 

With single loop approach, the objective is to minimize 
the change in loss in loop 1 due to opening of branch j, 
].e., 

(3) 

Line Capabilitv Constraint Model 

Assuming line capability limits are expressed by the 
maximum current capability, the line current should 
satisfy the constraint, i.e., 

(4) 

Where 
Piu” is the current capability of line i 
LiM“ is the maximum load balance index of line i 

This paper investigates an unique integrated scheme of 
distribution system loss minimization with consideration of 
line capability via reconfiguration using single loop 

Loss minimization is the minimize Eqn (3) subject to line 
constraints of Eqn (4). 

Implementation 

The algorithm of loss minimization is shown in Figure 1, 

optimization. By integrating the line capability constraints 
into the optimization process, the reconfiguration scheme 
will be loss minimized without line overloads. - 
The proposed scheme is tested on 38-bus distribution 
system for the different initial network configurations. The 
optimization results show that the network losses are 
reduced significantly without any overload occurrence on 
the feeder transform networks comparing with existing 
techniques. 

The program starts with initial condition input which 
includes net work data input and Normally Open Switch 
(NOS) data input. Then, the program forms the initial 
open switch list and conducts radial power flow 
calculation. 

An iteration process is designed to find the final 
optimization solution. At each iteration, the switch in 
open switch list is closed one by one. When switch i is 
closed, weakly meshed power flow is calculated. Then 
the program searches branch j in the loop formed by 

Loss Minimization Criterion Model and Capability 
Constraint Model 

Loss Minimization Criterion Model 

In order to simplify the optimization process, a constant 
current load model is used. Supposing 1, is the current flow 
in the j ‘h  branch prior to opening, the change in the losses 
in branch i is given by 

closing switch i. Branch j is selected SO that the network 
lOSS inCrea.Se is lowest without violation in h e  capability 
1imitS. The open switch list is renewed by introducing 
branch j instead of switch i. Branch j is ranked at the last 
of the list. This iteration process is stopped when the 
switches in the list are not changed. Finally, the program 
output the results of open switch list and network loss. (1) @L,u, = I f ,  -1, r c  -I 1, r< 

where 
APL is the change in loss 

I 



I Input network data and NOS data I 

Case 

1 

2 

3 

4 

.( 

4 

Form open switch list 

Radial power flow calculation 
(with keeping NOS open) 

Form weakly meshed network 

I Weakly meshed power flow calculation I 4 

NOS1 NOS2 NOS3 NOS4 NOS5 

from-to from-to from-to from-to from-to 
bus bus bus bus bus 

7 - 3 3  8 - 3 4  1 1 - 3 5  17-36  24-37  

3 - 4  11-12 I 1  -35  17-36 24-37  

2 - 3  9-10  20-21  29 -30  22-23  

il 

* 
Determine lines in loop i @LO) 

NLoc. =1, Po = PI ”r;gT-1, 

l e  I 

4 

Open branch N, and 
form new radial network 

Modify open switch list 

Open branch N, and 
form new radial network 

Modify open switch list 

Validation Studies 

The proposed scheme is tested by 38-bus distribution 
system. Figure 2 shows the system diagram. The system 
data can be found in [4]. 

Figure 3 . 3 8  - Bus Distribution System 

Since initial configuration may be different for a 
distribution system, we designed three different initial 
configurations for program testing. Three Normally 
Open Switch (NOS) lists according to three initial 
configurations are given in Table 1. 

Loss Minimization without Line Capabilitv Limits 

First; the scheme is tested without line capability limits 
for the selected three cases. The test results are 
summarized in Table 2 through Table 4. Table 2 shows 
the result of case 1. The network initial loss is 0.02027 
(P.u.). The program starts with the first loop. NOS 8 - 20 
is closed. After comparing the losses among line open 

3 schemes, it is found that system loss reaches minimum 
I value when line 6 - 7 is opined in the first loop. System 

loss is reduced fiom 0.02027 to 0.01498. Similarly, the 

Output results 

program continues to deal with other loops. After nine 
iterations, the network loss reaches minimum value, the 
open switches are changed to 23-24,6-7, 12-13,8-9, 30- 
3 1, the network loss is reduced to 0.0108389 (P.u.). The 
network loss is decreased by 47%. Table 3 shows the 
results of case 2. The network initial loss is 0.0360375 
(P.u.), after nine iterations, the network loss reaches 

Figure 2. Algorithm of Network Loss Minimization 



minimum value, the open switches are changed to 23-24, 
6-7, 12-13, 8-9, 30-31, the network loss is reduced to 
0.0108389 (P.u.). The network loss is decreased by 70%. 
Table 3-4 shows the results of case 3. The network initial 
loss is 0.058018 (P.u.), after 15 iterations, the network 
loss reaches minimum value, the open switches are 
changed to 8-9, 30-31, 23-24, 6-7, 12-13, the network 
loss is 0.0108389 @.u.). The network loss is decreased by 
8 1 %. From the above results, we can see that the program 
gives the same optimization solution for the different 
initial conditions. 

The final system configuration without line capability 
limits is shown in Figure 4. 

Figure 4. Reconfiguration without Line Capacity Limits 

Loss minimization with Line Capabilihr Limits 

System line ratings are listed in Table 5. These line 
capability constraints are incorporated into single loop 
optimization procedure. Three different cases shown in 
Table 1 are used to test the scheme. The results are 
displayed in Table 6 and Table 7. 

Table 6 shows the optimization progress for case 1. In 
the first iteration, if line capability is not considered, 
opening line 6-7 will cause lowest loss in network. 
While when considering line constraints, opening line 6- 
7 will cause overload in line 19-20. This open line 
scheme cannot be adopted. The available minimum loss 
without overload scheme is to open line 7-33 in the first 
iteration (the first loop). With this open line scheme, 
system loss is reduced from 0.02027 to 0.01877. Then 
the similar processes are applied to the other loops. After 
15 iteration, network loss reaches a minimum value 
without overload in lines. The open switches are: 8-9, 
12-113, 6-7, 17-36, and 23-24. Network loss is 
decreased by 36%. Table 7 shows the results of case 2. 
The result is similar to the case 1. The network loss is 
decreased by 64%. The final network configuration is 
the same as the case 1. For case 3, the similar result is 
obtained. The network loss is decreased by 78%. The 
final configuration is the same as the configurations of 
cases 1 and 2. Three different initial configurations 
converge to the same optimized solution. The final 
configuration is shown in Figure 5. 
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Figure. 5 .  Reconfiguration with Line Capacity Limits 





Conclusion 

This paper presents a unique scheme for distribution 
system loss minimization via reconfiguration. Line 
capability limits are incorporated into the single loop 
optimization process. By testing the proposed scheme, we 
have following conclusions: 

1. 

2. 

3. 

4. 

Single loop minimization process is a very efficient 
tool to solve distribution system reconfiguration 
problem. Different initial configurations converge to 
the same optimum solution. Network losses are 
reduced significantly. Without line capability limits, 
some lines may be overloaded for the optimum 
network configuration; 
Line capability constraints can be easily incorporated 
in the optimization process. With line capability limits, 
network reconfiguration is a sub-optimum solution, 
system will be operated in a lower network loss 
fashion without overload in any line; 
Different initial configurations converge to the same 
solution using single loop optimization method; 
Based on the proposed scheme, distribution system 
operators can select the switching scheme for 
reconfiguration to minimize system loss without 
overloads. Also, since the single loop optimization is a 
very fast process, it can be used for both off line and 
on line distribution system reconfiguration. 
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