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Abstract 

Reconfiguration of distribution networks is a problem related to exploitation that, due to changes in the mode of 

switches, causes changes in configuration of distributed feeders to achieve optimal topology in order to 

minimize network losses. In addition, dispersed generation units play an important role in distribution networks. 

The present study aims to examine the reconfiguration of distribution networks by considering the effect of 

changes in generation level of dispersed generation units and also in load levels with Teaching-Learning Based 

Optimization (TLBO) Algorithm in order to reduce network power losses. Given the fact that presence of 

dispersed generation units has a significant effect on reducing network losses, it is necessary to extract optimal 

topologies in the presence of, in the absence of, and based on the changes in the generation level of these units. 

In this study, analysis of performance is presented on a standard 69-bus distribution network and effectiveness 

of the proposed method is proven. Also, some part of the real network of Ardabil with two sub-transmission 

posts and 5 medium-pressure feeders is analyzed as a large-scale network. The simulation results show that 

reduction of power losses and improvement of the voltage profile in distribution networks are achieved with the 

presence of dispersed generation units and also reconfiguration of the distribution network. 

Keywords: Network reconfiguration; reduction of losses; changes in generation power level and load levels; 

Teaching-Learning Based Optimization Algorithm. 
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1. Introduction  

The issue of electric power loss has gained much attention of electrical experts due to the high amounts of 

damages caused by energy losses in the last decade, and its harmful effects on network, both technically and 

financially, result in to be analyzed widely and practical ways of its reduction to be determined. Distribution 

networks are generally radial. To increase the reliability of distribution networks, they are designed with low 

loops, but they are exploited radially. In a network, usually all branches (lines) can be opened. Obviously, the 

more switches are in the loop, the more maneuverability is possible. Therefore, there are several paths in the 

distribution networks to feed each time, one of which can be selected by opening on and closing the switches in 

the network. Thus, there are various configurations for a distribution network and one can choose a 

configuration that is technically and economically optimal. Reconfiguration of distribution networks was first 

introduced by Marilyn in 1975 [9]. In [16], an optimization method is proposed for network configuration based 

on Plant Growth Simulation Algorithm (PGSA). Reference [17] Suggests that if the loads are not modeled as 

voltage-dependent and instead are modeled as fixed power, it is possible that the configuration of network result 

in higher energy consumption and, consequently, higher financial losses. In [18], network reconfiguration has 

been selected as a single-objective problem in which the main criterion is active power losses, and in order to 

solve this problem, a Genetic Algorithm is proposed based on the theory of graphs. Reference [19] proposes an 

Ant Colony Algorithm (ACA) to minimize power losses and to balance load of distribution networks with the 

presence of scattered power generators. In [22], a method based on Genetic Algorithm (GA) is proposed to 

investigate the problem of reconfiguration of the distribution system, influenced by changes in the load and 

power of generation variable of dispersed renewable generation units. In [25], an Evolutionary Algorithm (EA) 

is shown to solve the problem of radial distribution systems reconfiguration using the Monte Carlo simulation 

method. In [26], the problem of network reconfiguration is proposed to reduce losses by considering dispersed 

generation units in the network. This article includes six sections. In the second section, the TLBO algorithm is 

expressed to apply to the reconfiguration problem. In the fourth section, the problem formulation is described. In 

the fifth section, numerical simulation results are provided and finally in the sixth section, conclusions are 

presented. 

2. TLBO Algorithm 

Training-learning based optimization algorithm was first introduced by Rao in 2011 [35]. The TLBO algorithm 

is one of the newest evolutionary optimization algorithms designed based on the principles of learning of 

students and teaching of teachers, and it deals with optimization of various issues using learning and teaching. 

The population is considered as a class of students. In TLBO, students' scores are similar to propriety in other 

optimization techniques based on population. The process of TLBO algorithm is simulated in two phases. The 

first phase or phase of teacher involves learning from teacher, and the second phase or phase of learner means 

learning through interaction between students. After generating the initial population and evaluating the 

objective function for each individual separately, phase of teacher and phase of learner are presented as follows 

[36]: 

2.1. Phase of Teacher  
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In this phase, the teacher will try to reach the average score of the class (population) to his/her own level. A 

good teacher is somebody who brings the level of knowledge of students of a class closer to his/her own level. 

Therefore, in this phase, followed by a random process, in which for each member or position, a new position is 

produced as follows: 

)1( Xnew,D = Xold,D + r(Xteacher,D − TFMD) 

where index D denotes the number of old members Xold,D and consists of a 1 × D vector that contains its 

results for each individual or a particular period. r is a random number in the range of [0,1]. Xteacher,D is the 

best person of the population in this repetition, TF the teaching factor that can be 1 or 2, MD a vector of 1 × D, 

which contains the average scores of class for each person or a particular period. The new person Xnew,D is 

acceptable if he/she is better than the old one. 

2.2. Phase of Student 

Students increase their level of knowledge through two ways of attending the classroom and using the teacher's 

knowledge and or by reviewing the course with other students. To model this section, it is assumed that each 

student randomly discusses with another student, and its mathematical model is as follows: 

)2( Xnew,i = Xold,i + ri(Xj − Xk) 

where Xold,i is an old student who is compelled to learn knowledge in interaction with other students, ri a 

random number in the range of [0,1], Xj and Xk two students randomly selected by j and k, where Xj has a 

value of objective function better than Xk. Xnew,i is selected if he/she is better than the old one Xold,i.   

3. Coding reconfiguration problem 

Each answer to the problem of network reconfiguration is a string of integers, each of which indicates the open 

switches in the network (figure 1). There are various ways to perform network reconfiguration. In this article, 

first, all N.O. switches of the network are closed. By doing so, the radial network becomes a circular one. Then, 

the network switches are open with an innovative algorithm and based on the theory of graphs to create an 

acceptable radial network. 

 
 

7 10 14 31 37 
 

7 11 14 30 36 
 

 7 9 14 32 37 
 

  7 9 14 28 32 
 

Figure 1: Selecting a new student in the proposed algorithm 

 

New student 
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4. Problem formulation 

The purpose of the reconfiguration is to reduce active power losses by changing the topological structures of the 

distribution network by changing the on and off modes of the switches, taking into account the operational and 

electrical constraints of the network. The objective function that can be considered for minimizing power losses 

in distribution lines is as follows: 

)3( 𝑀𝑀𝑀𝑀𝑀𝑀 𝑃𝑃𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = �
𝑃𝑃𝑖𝑖2 + 𝑄𝑄𝑖𝑖2

𝑉𝑉𝑖𝑖2

𝑛𝑛𝑛𝑛

𝑖𝑖=1

𝑅𝑅𝑖𝑖 

where PT, Loss is the active power losses of the whole system, nb the total number of branches in the studied 

network, Pi and Qi the active and reactive powers in the ith branch, Ri the resistance of the ith branch, and Vi 

the voltage of the ith branch. In order to calculate the power losses of the distribution network as an objective 

function, in each step of the intelligent optimization algorithm, Forward Backward Sweep (FBS) load flow is 

used [40]. 

In addition to minimizing the objective function, electrical constraints of the network should also be observed, 

which are expressed as follows: 

a) Radial structure of network 

b) Electro activation of all loads 

c) Preservation of the allowed range of the current of branches and voltage of nodes 

4.1. Power losses without reconfiguration and DG 

The power flow in the distribution system is calculated by the return equations obtained from the single-line 

graph shown in Fig. 2 [23]:  

 

Figure 2: Single-line Diagram of a Main Feeder 

)4( 
𝑃𝑃𝑘𝑘+1 = 𝑃𝑃𝑘𝑘 − 𝑃𝑃𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇,𝑘𝑘 − 𝑃𝑃𝐿𝐿𝑘𝑘+1 
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= 𝑃𝑃𝑘𝑘 −
𝑅𝑅𝑘𝑘

|𝑉𝑉𝑘𝑘|2
(𝑃𝑃𝑘𝑘2 + Qk

2) − 𝑃𝑃𝐿𝐿𝑘𝑘+1 

) 5( 

𝑄𝑄𝑘𝑘+1 = 𝑄𝑄𝑘𝑘 − 𝑄𝑄𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇,𝑘𝑘 − 𝑄𝑄𝐿𝐿𝑘𝑘+1 

= 𝑄𝑄𝑘𝑘 −
𝑋𝑋𝑘𝑘

|𝑉𝑉𝑘𝑘|2
(𝑃𝑃𝑘𝑘2 + Qk

2) − 𝑄𝑄𝐿𝐿𝑘𝑘+1 

)6( 

|𝑉𝑉𝑘𝑘+1|2 = |𝑉𝑉𝑘𝑘|2 +
𝑅𝑅𝑘𝑘2 + 𝑋𝑋𝑘𝑘2

|𝑉𝑉𝑘𝑘|2 �𝑃𝑃𝑘𝑘2 + 𝑄𝑄𝑘𝑘2� − 2(𝑅𝑅𝑘𝑘𝑃𝑃𝑘𝑘 + 𝑋𝑋𝑘𝑘𝑄𝑄𝑘𝑘) 

= |𝑉𝑉𝑘𝑘|2 +
𝑅𝑅𝑘𝑘2 + 𝑋𝑋𝑘𝑘2

|𝑉𝑉𝑘𝑘|2
(𝑃𝑃𝑘𝑘2 + Qk

2) − 2(𝑅𝑅𝑘𝑘𝑃𝑃𝑘𝑘 + 𝑋𝑋𝑘𝑘𝑄𝑄𝑘𝑘) 

where Pk is the active power exited from the bus k, Qk the reactive power exited from the bus k, Rk the ohm 

resistivity of the branch between the buses k and k + 1, Xk the reactance of the branch between the buses k and 

k + 1, Vk the voltage of the bus k, PLk + 1 the active load of bus k + 1, QLk + 1 the reactive load of bus k + 1, 

and Ploss,k is the active loss of the branch k. Power losses of the connection line between k and k + 1 buses are 

calculated as follows: 

) 7( 𝑃𝑃𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇(𝑘𝑘, 𝑘𝑘 + 1) = 𝑅𝑅𝑘𝑘.
�𝑃𝑃𝑘𝑘2 + 𝑄𝑄𝑘𝑘2�

|𝑉𝑉𝑘𝑘|2   

The total power losses of feeder PT, Loss, which can be determined from the aggregation of losses from all 

sections of the feeder line, are as follows: 

)8( 𝑃𝑃𝑇𝑇,𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇 = �𝑃𝑃𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇(𝑘𝑘, 𝑘𝑘 + 1)  
𝑛𝑛

𝑘𝑘=1

 

4.2. Power losses with network reconfiguration 

The problem of network reconfiguration in a distribution system is to find the best configuration of radial 

network that reduces power losses, while the voltage profile, the flow capacity of the feeder, and the radial 

structure of the network are observed. The power losses of a connected line between the buses k and k + 1 after 

the network reconfiguration can be calculated as follows: 

9)( 𝑃𝑃𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇′ (𝑘𝑘, 𝑘𝑘 + 1) = 𝑅𝑅𝑘𝑘.
�𝑃𝑃𝑘𝑘′

2 + 𝑄𝑄𝑘𝑘′
2�

|𝑉𝑉𝑘𝑘′|2
) 

Where P_(k )^'is the active power exited from the bus k after the reconfiguration, Q_(k )^' the reactive power 

exited from the bus k after the reconfiguration and V_(k )^' the voltage of the bus k after the reconfiguration. 

The total power loss in all feeders, P_(T, Loss)^', is determined by summing losses from all sections of the 

network. Therefore, we have: 
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Reduced power losses rate ∆𝑃𝑃𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇𝑅𝑅 in the system is obtained from the difference between power losses before and 

after the network reconfiguration, which according to equations are as follows: 

(11) ∆𝑃𝑃𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇𝑅𝑅 = �𝑃𝑃𝑇𝑇,𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇(𝑘𝑘, 𝑘𝑘 + 1) −�𝑃𝑃𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇′ (𝑘𝑘, 𝑘𝑘 + 1)
𝑛𝑛

𝑘𝑘=1

𝑛𝑛

𝑘𝑘=1

 

4.3. Power losses due to installation of dispersed generation units 

When a DG is installed at the desired location on the network, as shown in Fig (3-2), power losses equal: 

 

Figure 3: A single-line diagram of a main feeder with the presence of a DG 

) (12 𝑃𝑃𝐷𝐷𝐷𝐷,𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇 =
𝑅𝑅𝑘𝑘
𝑉𝑉𝑘𝑘2

�𝑃𝑃𝑘𝑘2 + 𝑄𝑄𝑘𝑘2� +
𝑅𝑅𝑘𝑘
𝑉𝑉𝑘𝑘2

�𝑃𝑃𝐷𝐷2 + 𝑄𝑄𝐷𝐷2 − 2𝑃𝑃𝑘𝑘𝑃𝑃𝐷𝐷 − 2𝑄𝑄𝑘𝑘𝑄𝑄𝐷𝐷� 

where PG is the active power generated by DG, and QG the reactive power generated by DG. 

Reduced power losses rate ∆𝑃𝑃𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇𝐷𝐷𝐷𝐷 in the system is obtained from the difference between power losses before and 

after the installation of DG units: 

(13) ∆𝑃𝑃𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇𝐷𝐷𝐷𝐷 =
𝑅𝑅𝑘𝑘
𝑉𝑉𝑘𝑘2

�𝑃𝑃𝐷𝐷2 + 𝑄𝑄𝐷𝐷2 − 2𝑃𝑃𝑘𝑘𝑃𝑃𝐷𝐷 − 2𝑄𝑄𝑘𝑘𝑄𝑄𝐷𝐷� 

The positive sign of ∆𝑃𝑃𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇𝐷𝐷𝐷𝐷 indicates that system losses are reduced with DG installation and commissioning. 

Conversely, the negative sign of ∆𝑃𝑃𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇𝐷𝐷𝐷𝐷 indicates that the DG installation causes an increase in system losses. 

 5. Numerical simulation 

To demonstrate the effectiveness of the proposed method (simulation of network reconfiguration and installation 

of dispersed generation units) using a teaching-learning based optimization algorithm, this method is applied on 

two 69-bus networks and one large-scale real network (five 20 kV feeders with two sub-transmission posts).  

10)( 𝑃𝑃𝑇𝑇,𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇
′ = �𝑃𝑃𝐿𝐿𝑇𝑇𝑇𝑇𝑇𝑇′ (𝑘𝑘, 𝑘𝑘 + 1)

𝑛𝑛

𝑘𝑘=1
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5.1. Initial state of the network: without reconfiguration and without installing dispersed generations 

The switches 69-70-71-72-73 are on in the initial state. Performing the calculations of load flow, network losses 

in initial state and before performing reconfiguration and changing the status of the switches equal 225 

kilowatts. The lowest voltage range in bus 65 occurs with the range of 0.9092 per unit. 

5.2. Examination of two possible new configurations 

Power losses of the network after performing reconfiguration with switches 55-24-44-36-16 at an open state 

equal about 139 kilowatts, which is 38% lower compared to the initial state where the network losses were about 

225kW. Fig. (4) shows the voltage values of each single bus before and after the reconfiguration. The power 

losses of the network after reconfiguration with the switches 69-70-57-61-14 in the open state obtained about 

98.5 kilowatts, which has reduced 56 percent compared with the initial state that the network losses were about 

225 kilowatts. Fig. (5) shows the values of the voltage of each single bus before and after the reconfiguration. 

Table 1: Comparison of power losses and voltage range of several possible configurations 

The lowest voltage 

range (pu.) 

power losses (kw) configuration 

0.9092 225 69-70-71-72-73 

0.9322 139 55-24-44-36-16 

0.9501 98.5 69-70-57-61-14 

 

 

Figure 4: Voltage values of each single bus before and after reconfiguration in a 69-bus network (55-24-44-36-

16) 
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Figure 5: Voltage values of each single bus before and after reconfiguration in a 69-bus network (69-70-57-61-

14) 

5.3. Installing three DG units in the 69-bus network 

In this section, three wind, solar and small water units are installed in buses 61, 42 and 21 with nominal 

capacities of 800, 500 and 1000 kilowatts, respectively, and the switches 69-70-71-72- 73 are the same as the 

initial switches of the network at the open state. It is assumed that dispersed generation units are only capable of 

acquiring active power and are modeled as active power supply sources. The network power losses after 

installing dispersed generation units were obtained 115.5 kilowatts, which have reduced 48.5 percent compared 

with the initial state which power loss was about 225 kilowatts. Fig. (6) shows the voltage values of each single 

bus before and after the reconfiguration. It can be seen that the installation of dispersed generation units, as well 

as the network reconfiguration, greatly reduces network power losses. According to Fig. (6), the lowest voltage 

range is improved from 0.9092 per unit in bus 65 to 0.9465 in bus 65. 

 

Figure 6: Voltage values of each single bus before and after DG's installation with unit power coefficient in the 

69-bus network 
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5.4. Hourly optimization of the 69-bus network 

To hourly analyze the position of the 69-bus network, loads of the network are modeled as three domestic, 

industrial and commercial load patterns [40]. Fig. (7) shows the domestic, industrial and commercial load 

patterns as a percentage of peak load (per unitized) in a day and a night. 

Table 2: Scattering of different types of domestic, commercial and industrial loads in the studied network 

Buses with domestic load pattern Buses with commercial load 

pattern 

Buses with industrial load pattern 

2-3-4-6-11-12-13-15-18-21-22-25-

30-33-35-36-37-39-44-45-46-48-

51-54-55-58-63-64-66-69 

5-10-14-19-20-24-27-29-32-34-38-

43-47-52-53-57-60-62-65 

7-8-9-16-17-23-26-28-40-41-42-

49-50-56-59-61-67-68 

 

 

Figure 7: Domestic, industrial and commercial load patterns 

 

Figure 8: The amount of hourly generation power of wind, solar and small water resources [39] 
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Also, three types of dispersed generation sources provided by wind, solar, and water sources are included in this 

survey. Fig. (8) shows the amount of hourly generation power per-unitized to the maximum generation power of 

the generation units affected by wind speed, solar radiation, and also water flow [39]. 

Considering load data related to the pattern of domestic, industrial and commercial load, the total network load 

at different hours in a day and a night by summing different loads in different buses is shown in Fig. (9). The 

largest load range for this network was at 7 p.m. and included 3495 kilowatts. 

 

Figure 9: The total hourly load of the 69-bus network 

Fig. (10) shows the voltage values of each single bus in a day and a night in the initial state of the 69-bus 

network. According to the figure, the lowest voltage range in buses and at different hours changes between 0.95 

per unit to about 1.03 per unit. 

 

Figure 10: The values of the voltage of each single bus in a day and a night before the hourly optimal 

reconfiguration 
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Fig. (11) shows network power losses at different hours before and after optimal reconfiguration. The values of 

the voltage of each single bus in a day and a night after the hourly optimal reconfiguration of the 69-bus 

network are shown in Fig. (12). Comparing the Figs. (10) and (12), which show the voltage values of each 

single bus of the 69-bus network before and after the optimal reconfiguration, indicates that the voltage profile 

is improved in a day and a night (24 hours) after performing the reconfiguration. 

 

Figure 11: Comparison of power losses of the 69-bus network at different hours before and after hourly optimal 

reconfiguration 

 

Figure 12: Voltage values of each single bus in a day and a night after the hourly optimal reconfiguration of the 

69-bus network 
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According to Fig. (13), this area is loaded through 5 feeders (western one: pink, western three: green, western 

six: turquoise, southern seven: purple, and southern eight: red), which is fed through two sub-transmission posts 

(western and southern). The total number of posts equals 149 posts with a total capacity of 40260 KVA. 

Network information is extracted from GIS and implemented by the modeling performed as a 966-bus network 

in MATLAB software environment. The initial topology of the studied network extracted from the GIS 

environment is shown in Fig. (13). Thirteen points marked on the figure, switches and connections are open in 

normal mode, so there are thirteen loops in the network. The locations of the two sub-transmission posts are also 

shown in the figure. 

 

Figure 13: Initial topology of the studied network extracted from the GIS environment 

5.1.1. The initial state of real network of Ardabil with peak load 

By applying the load flow on the modeled 966-bus distribution real network of Ardabil, the lowest network 

voltage is related to the bus 393 with a value of 0.95464 per unit and an active power loss of 569.71 KW is 

achieved. The voltage profile in the initial state of Ardabil's real network is presented in Fig. (14). The 

transmission power in the lines of the studied network is shown in Fig. (15). 

 
Figure 14: Voltage profile in the initial state of the real network of Ardabil 
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Figure 15: The transmission power of the lines of the studied network in the initial state 

The transmission power of feeders under study in the initial state is shown in Table (3). In the initial state of 

loading, the sub-transmission post of the West is 24,138 kilowatts and the southern sub-transmission post is 

8,606 kilowatts. 

Table 3: Transmission power of the feeders under study in the initial state 

 Western One Western Three Western Six Southern Seven Western Eight 

Number of 

section 

1 201 399 752 817 

Transmission 

power (KW) 

7423 8646 8069 3195 5411 

 

Location of the bus in which the smallest voltage range occurs is indicated by the star sign in Fig. (16). This 

point is the end point of the western 3 feeder and also has a relatively heavy load compared to other feeders. 

 

Figure 16: Location of the bus with the lowest voltage range in the initial topology (bus 393 with the amount of 

0.95464 per unit) 
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If the two 200kW solar power plants installed on bus No. 310 of the western 6 feeder and the 660kW wind 

turbine installed on the bus No. 185 of the western 3 feeder are included in the calculations, then the following 

results will be obtained. The positions of the solar and wind units on the network are shown in Fig. (17). 

Assuming the unit power coefficient for solar and wind units, power losses of network will be 528 kilowatts 

after considering dispersed generation units, and the lowest voltage range of the network will be 0.95732 per 

unit in bus 363. The lowest voltage range in bus 363 occurs at one of the end points of western 3 feeder, as 

shown in Fig. (17). 

 
Figure 17: Occurrence location of the lowest voltage range with the presence of DGs (bus 393 at the end of 

western 3 feeder) 

5.1.2. TLBO of the real network of Ardabil with peak Load 

Comparison of the results of power losses and voltage profiles before and after the reconfiguration of the real 

966-bus network of Ardabil using the TLBO algorithm shows that the worst voltage range improves from 

0.95464 in bus 393 to 0.97517 per unit in bus 730, and the active power losses improve from 569.71 to 397.18 

KW (equal to 30% improvement). The voltage profiles of the network before and after the reconfiguration are 

presented in Fig.(18).Fig. (19) shows the topology of the 966-bus network of Ardabil’s real network after 

optimal reconfiguration. In this figure, the location of switches (13 switches shown with the square sign) is 

displayed in normal mode. Also, the location of the bus in which the lowest voltage range occurs is indicated by 

the star sign. This point is the end point of the western 6 feeder 

 

Figure 18: Voltage profiles before and after reconfiguration of the 966-bus network with the TLBO algorithm 
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Figure 19: Location of the bus with the lowest voltage range (bus 730 with the amount of 0.97517 per unit) 

The comparison between the initial topology and the optimal topology obtained for the real network of Ardabil 

shows that only by changing the mode of a switch pair, 30% reduction occurs in power losses. Also, the lowest 

voltage range is also improved compared to the initial state of the network. 

The optimization process of TLBO algorithm is shown in fig. (20) for 100 consecutive repetitions. 

 

Figure 20: Optimization process of reconfiguration problem of the 966-bus real network of Ardabil with TLBO 

algorithm 

The transmission power of the feeders under study in the initial state is shown in Table (4). Loading of the 

western sub-transmission post in the initial state has dropped from 24,138 kW to 20,786 kW after loading, and 

the southern sub-transmission post has increased from 8606 to 11786 kW after loading. As the results show, 

load of the feeder No. 3 of the western sub-transmission post has dropped to 3,352 kW, and the load of the 

feeder No. 7 of the southern sub-transmission post has increased by 3,180 kW, which in addition to posts’ load 
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balancing, has also reduced power losses. The transmission of the load between the feeders of the sub-

transmission post of the West is also evident. 

Table 4: Transmission power through the feeders of the 966-bus real network of Ardabil after optimization 

 Western one Western three Western six Southern seven Southern eight 

Transmission 

power (KW) 

before 

reconfiguration 

7423 8646 8069 3195 5411 

Transmission 

power(KW) 

after 

reconfiguration 

7423 5294 8069 6375 5411 

 

The transmission power of the lines of the studied network is also shown in Fig. (21). 

 
Figure 21: The loading rate of the lines after performing the reconfiguration with the TLBO algorithm 

Comparing Figs. (15) and (21), which show the loading volume of the lines before and after the optimal 

reconfiguration respectively, indicates that the transmission power of some lines has decreased and in some 

other lines, the power transmission has increased. This indicates the transmission of power from some lines to 

other lines to reduce power losses. 

6.Conclusion  

Dispersed generation sources are becoming popular because of the increased demand for electrical energy in 

distribution networks. In this research, the reconfiguration of distribution networks is examined by considering 

the effect of changes in the level of generation of dispersed generation units and load levels with the teaching-
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learning based optimization (TLBO) algorithm to reduce network power losses. Given the fact that the presence 

of dispersed generation units has a significant effect on reducing network losses, it is necessary to extract 

optimal topologies in the presence of, in the absence of, and based on the changes in the level of generation of 

these units. The performance analysis is presented on a standard 69-bus distribution network and the 

effectiveness of the proposed method is proven. Also, part of the real network of Ardabil with two sub-

transmission posts and 5 medium-pressure feeders is analyzed as a large-scale network. 
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