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ABSTRACT 

Optimal reconfiguration involves selection of the best set of branches to be opened, one each from each loop, 

such that the resulting radial distribution system has the desired performance. This paper presents a feeder 

reconfiguration problem in the presence of distributed generation to minimize the system power loss and voltage 

profile improvement. Artificial bee colony algorithm (ABC) is proposed to reconfiguration of radial distribution 

system in the presence of distributed generation. Loss Sensitivity index is used to identify optimal location for 

installation of DG unit. Different cases of DG placement and reconfiguration of network are considered to study 

the performance of the proposed method. Simulation study is conducted on 33-bus radial test system at five 

different cases to verify the efficacy of the proposed method with existing method.  

KEYWORDS: distributed generation, artificial bee colony algorithm, distribution feeder reconfiguration, loss 

reduction, radial distribution network. 

I. INTRODUCTION 

Distribution systems consist of groups of interconnected radial circuits. The configuration may be 

varied via switching operations to transfer loads among the feeders. Two types of switches are used in 

primary distribution systems. They are normally closed switches (sectionalizing switches) or normally 

open switches (tie switches). Both types are designed for both protection and configuration 

management. Network reconfiguration is the process of changing the topology of distribution systems 

by altering the open/closed status of switches. 

Distribution systems are usually designed with an open ring and are operated in a radial manner. If all 

switches are closed, the network losses will be at the minimal level. However, due to the complexity 

of protective systems and the high rate of short circuits, this is not possible. In recent years, with the 

development of data processing technologies and their transfer, distribution companies are becoming 

fonder of automation distribution systems. One of the most effective applications of automation is the 

reconfiguration of distribution systems. Reconfiguration is actually turning the switches off and on in 

distribution systems for changing the network topology and thus changing it for power flow. Also the 

first and main purpose of reconfiguration is reducing losses in distribution systems and preventing 

network overload.  

Network reconfiguration is used for loss reduction and voltage-profile improvement while the radial 

structure of distribution system is retained [1, 2]. 



International Journal of Engineering Sciences & Emerging Technologies, Oct. 2012. 

ISSN: 2231 – 6604     Volume 3, Issue 2, pp: 50-59 ©IJESET 

 

51 

 

Distributed generation, unlike traditional generation, aims to generate part of required electrical 

energy on small scale closer to the places of consumption and interchanges the electrical power with 

the network. It represents a change in the paradigm of electrical energy generation. The distributed 

generation, also termed as embedded generation or dispersed generation or decentralized generation, 

has been defined as electric power source connected directly to the distribution network or on the 

customer site of the meter [3]. The emergence of new technological alternatives allows the DG 

technologies in distribution network to achieve immense technical, economical and environmental 

benefits [4]. These benefits could be maximized by proper planning i.e. placement of DG at optimum 

location with optimum size and suitable type. The majority of the distributed generation planning 

objective was to minimize the real power loss in network. 

One of the first papers on reconfiguration was presented by Merlin and Back [5]. Civanlar et al. 

introduced a simple innovative method for calculating the loss through the network reconfiguration 

[6]. Shirmohammadi and Hong presented the use of the power flow method based on a heuristic 

algorithm to determine the minimum loss configuration for radial distribution networks [7]. Baran 

andWu modeled the problem of loss reduction and load balancing as an integer programming problem 

[8]. Nara et al. have presented an implementation using a genetic algorithm to look for the minimum 

loss configuration [9]. Chiang and Rene proposed a solution procedure which used simulated 

annealing to search for an acceptable non inferior solution [10]. Goswami  and Basu introduced a 

power-flow-minimum heuristic algorithm for distribution feeder reconfiguration  [11]. Vanderson 

Gomes et al. proposed a heuristic strategy for reconfiguration of distribution systems [12].Lopez 

presented an approach for online reconfiguration [13]. Das proposed a fuzzy multi-objective approach 

to solve the network reconfiguration problem [14]. Niknam et al. presented an efficient hybrid 

algorithm for multi-objective distribution feeder reconfiguration based on Honey Bee Mating 

Optimization (HBMO) and fuzzy multi-objective approach [15].Olamaei et al. proposed a cost based 

on compensation methodology for distribution feeder reconfiguration considering distributed 

generators [16]. Niknam et al. presented an efficient multi-objective modified shuffled frog leaping 

algorithm that has been used to solve MDFR problem[17]. J. Olamaei et al. proposed a hybrid 

evolutionary algorithm based on ACO and SA for distribution feeder reconfiguration [18].R.S rao et 

al proposed a harmony search algorithm for distributor reconfiguration [19]. J. Olamaei et al. 

presented a modified honey bee mating optimization algorithm for distribution feeder reconfiguration 

for loss Minimization with distributed generations [20]. 

In this paper, an Artificial Bee Colony (ABC) algorithm is used to solve a 33- bus radial feeder 

reconfiguration with DG to reduce system loss in the distribution network. Minimizing the total 

system losses without violating operation constraints and maintaining the radial structure. 

The rest of this paper is organized as follows: Section 2 gives the problem formulation, Section 3 

gives the overview of proposed ABC algorithm, Section 4 presents simulation results, and Section 5 

concludes this paper. 

II. PROBLEM FORMULATION 

In the radial distribution system, each radial feeder is divided into load sections with sectionalizing 

switches and is connected to other feeders via several tie switches. Due to the fact that reducing the 

real power loss of the distribution feeders is an important purpose in feeder reconfiguration, in the 

distribution feeder reconfiguration problem minimizing the real power loss of the feeders is 

considered as objective function. The total real power losses of the distribution network can be 

calculated as follows 

 
2n-1

P = min R I
L k kk=1

∑
      

 (1) 

Where  

PL is total system loss, 

n is number of nodes in the distribution network, 
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Rk is resistance of k
th
 line, 

              |��| is absolute of k
th
 line current,  subject to the following. 

i) Voltage constraint: voltage magnitude of each branch must lie within their permissible ranges 

to maintain power quality. 

ii) Isolation constraint: all of nodes are energized. 

iii) Radial network constraint: distribution networks should be composed of radial structure 

operation. 

For placement of distributed generation, the loss sensitive factors [21] at different buses have 

been evaluated to select appropriate nodes for DG planning by using load flow program. These 

sensitivity factors reflect how the feeder power losses change and obtaining the candidate nodes to 

locate DG. Loss sensitive factors are evaluated for the base case first to decide the first appropriate 

location. Artificial bee colony algorithm (ABC) is used to obtain the solution for reconfiguration with 

DG of radial distribution system to minimize the losses.  

III. ARTIFICIAL BEE COLONY ALGORITHM  

Artificial Bee Colony (ABC) is one of the most recently defined algorithms by Dervis Karaboga in 

2005, motivated by the intelligent behavior of honeybees. ABC as an optimization tool provides a 

population based search procedure in which individuals called food positions are modified by the 

artificial bees with time and the bee’s aim is to discover the places of food sources with high nectar 

amount and finally the one with the highest nectar. In this algorithm [22, 23], the colony of artificial 

bees consists of three groups of bees: employed bees, onlookers and scouts. First half of the colony 

consists of the employed artificial bees and the second half includes the onlookers. For every food 

source, there is only one employed bee. In other words, the number of employed bees is equal to the 

number of food sources around the hive. The employed bee whose food source has been abandoned 

becomes a scout [24]. 

Thus, ABC system combines local search carried out by employed and onlooker bees, and global 

search managed by onlookers and scouts, attempting to balance exploration and exploitation process 

[25]. 

The ABC algorithm creates a randomly distributed initial population of solutions (f = 1,2,…..,Eb), 

where ‘f’ signifies the size of population and ‘Eb’ is the number of employed bees. Each solution xf is 

a D-dimensional vector, where D is the number of parameters to be optimized. The position of a food-

source, in the ABC algorithm, represents a possible solution to the optimization problem, and the 

nectar amount of a food source corresponds to the quality (fitness value) of the associated solution. 

After initialization, the population of the positions (solutions) is subjected to repeated cycles of the 

search processes for the employed, onlooker, and scout bees (cycle = 1, 2, …, MCN), where MCN is 

the maximum cycle number of the search process. Then, an employed bee modifies the position 

(solution) in her memory depending on the local information (visual information) and tests the nectar 

amount (fitness value) of the new position (modified solution). If the nectar amount of the new one is 

higher than that of the previous one, the bee memorizes the new position and forgets the old one. 

Otherwise, she keeps the position of the previous one in her memory. After all employed bees have 

completed the search process, they share the nectar information of the food sources and their position 

information with the onlooker bees waiting in the dance area. An onlooker bee evaluates the nectar 

information taken from all employed bees and chooses a food source with a probability related to its 

nectar amount. The same procedure of position modification and selection criterion used by the 

employed bees is applied to onlooker bees. The greedy-selection process is suitable for unconstrained 

optimization problems. The probability of selecting a food-source pf by onlooker bees is calculated as 

follows: 

 
fitness

P =i E
b

fitness
ff =1

∑

        (2) 
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Where fitnessf is the fitness value of a solution f , and Eb is the total number of food-source positions 

(solutions) or, in other words, half of the colony size. Clearly, resulting from using (2), a good food 

source (solution) will attract more onlooker bees than a bad one. Subsequent to onlookers selecting 

their preferred food-source, they produce a neighbor food-source position f+1 to the selected one f, 

and compare the nectar amount (fitness value) of that neighbor f+1 position with the old position. The 

same selection criterion used by the employed bees is applied to onlooker bees as well. This sequence 

is repeated until all onlookers are distributed. Furthermore, if a solution f does not improve for a 

specified number of times (limit), the employed bee associated with this solution abandons it, and she 

becomes a scout and searches for a new random food-source position. Once the new position is 

determined, another ABC algorithm (MCN) cycle starts. The same procedures are repeated until the 

stopping criteria are met.  

In order to determine a neighboring food-source position (solution) to the old one in memory, the 

ABC algorithm alters one randomly chosen parameter and keeps the remaining parameters 

unchanged. In other words, by adding to the current chosen parameter value the product of the 

uniform variant [-1, 1] and the difference between the chosen parameter value and other “random” 

solution parameter value, the neighbor food-source position is created. The following expression 

verifies that: 

 ( )new old old
x = x +u x - xmgfg fg fg

       (3) 

Where ≠ 1m   and both are { }1,2,..., E
b

∈ . The multiplier u is a random number between [-1, 1] and 

{ }g 1,2,...,D∈  . In other words, xfg is the g
th
 parameter of a solution xf that was selected to be 

modified. When the food-source position has been abandoned, the employed bee associated with it 

becomes a scout. The scout produces a completely new food-source position as follows: 

 
( ) ( ) ( ) ( )new

x = min x +u max x - min x
fg fg fg fg

 
  

     (4) 

Where (4) applies to all g parameters and u is a random number between [-1, 1]. If a parameter value 

produced using (3) and/or (4) exceeds its predetermined limit, the parameter can be set to an 

acceptable value. In this paper, the value of the parameter exceeding its limit is forced to the nearest 

(discrete) boundary limit value associated with it. Furthermore, the random multiplier number u is set 

to be between [0, 1] instead of [-1, 1] 

The proposed ABC algorithm for finding size of DG at selected location to minimize the real power 

loss is as follows: 

Step-1: Initialize the food-source positions xf (solutions population), where f = 1,2,…..,Eb. The xf 

solution form is as follows. 

Step-2: Calculate the nectar amount of the population by means of their fitness values using 

 
1

Fitness =
1+ powerloss

  (5) 

Step-3: Produce neighbor solutions for the employed bees by using equation (3) and evaluate them as 

indicated by Step 2. 

Step-4: Apply the selection process. 

Step-5: If all onlooker bees are distributed, go to Step 9. Otherwise, go to the next step. 

Step-6: Calculate the probability values Pf for the solutions xf  using equation (2)  

Step-7: Produce neighbor solutions for the selected onlooker bee, depending on the value, using 

equation (3) and evaluate them as Step 2 indicates. 

Step-8: Follow Step 4. 
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Step-9: Determine the abandoned solution for the scout bees, if it exists, and replace it with a 

completely new solution using equation (4) and evaluate them as indicated in Step 2. 

Step-10: Memorize the best solution attained so far. 

Step-11: If cycle = MCN, stop and print result. Otherwise follow Step 3. 

IV. RESULTS AND ANALYSIS 

The performance of the proposed method is evaluated on 33 bus radial distribution system [19] to 

minimize the power loss by network reconfiguration with distribution generation. The load data, line 

details and data of tie lines are given in appendix and Fig. 2 along with a single line diagram. The 

system consists of one source transformer, 32 bus-bars, and 5 tie switches. The total active and 

reactive power for the whole system loads are 3715 kW and 2300 kVAr, respectively. The initial 

statuses of all the sectionalizing switches (switches No. 1-32), which are indicated by solid lines are 

closed while all the tie-switches (switches No.  33-37) which are shown by dotted lines are open. The 

initial losses and minimum voltage are 202.665 kW and 0.9131 per unit for initial configuration, 

respectively. The Control parameters of ABC method are colony size (Cs) is 30 and MCN is 20. The 

simulation results are presents in Table 1 and the node voltages at each bus are shown in Table 2. Five 

cases are considered for the proposed method as follows, The case-1 results of the proposed method 

are compared with the harmony search algorithm [19] shown in Table 1. The percentage of loss 

reduction for various cases is shown in Fig.1. 

Case-1:  The feeder is reconfiguration without distributed generation  

The optimal configuration obtained by the proposed method is 7, 14, 31, 35 and 37, which has a real 

power loss of 122.1357 kW. This amounts to a reduction of 39.73% in total power loss.  Before 

reconfiguration, the minimum bus voltage is 0.9131 p.u. and the minimum bus voltage of the system 

is improved to 0.9319 p.u after reconfiguration. The average voltage of the system is 0.9704 p.u. 

From the Table 2, it is observed that the optimal power loss obtained by the proposed method is less 

than the existing method [19]. 

Case-2:  The feeder is distributed generation and without reconfiguration  

The optimum size of DG at bus 6 is 2520.5 kW.  The improvement of minimum bus voltage of system 

after optimally placing the DG by proposed method is 0.9568 p.u. The average voltage of the system 

is 0.9788 p.u after installing DG. Similarly the losses have reduced to 103.3509 kW. This amounts to 

a reduction of 49% in total power loss. 

Case-3:  The feeder is distributed generation with reconfiguration 

The same as case 2 except that there is feeder reconfiguration, the optimum size of DG at bus 6 is 

2520.5 kW. The optimal configuration is 7, 14, 31, 35 and 37, which has a real power loss of 94.9593 

kW. This amounts to a reduction of 53.14% in total power loss. The minimum bus voltage of the 

system is 0.9566  p.u and the average voltage of the system is 0.9853 p.u. 

Case-4:  The feeder is reconfiguration and distributed generation placement 

The same as case 1 except that there is a DG, the optimum size of DG at bus 22 is 817.07 kW. The 

optimal configuration is 7, 14, 31, 35 and 37, which has a real power loss of 88.0816 kW. This 

amounts to a reduction of 56.53% in total power loss. The minimum bus voltage of the system is 

0.9507 p.u and the average voltage of the system is 0.9805 p.u. 

Table 1: Results of cases study. 

Description 

Case 1 Case 2 Case 3 Case 4 Case 5 

Existing 

method [19] 

Proposed 

method 
Proposed method 

DG Location  6 6 15 15 
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placement Size 

(kW) 

Open switches 
7,10,14

37,36

Average voltage (p.u.) 0.9659

Total real power loss 

(kW) 
138.06

Loss reduction (%) 31.89

Case-5: simultaneous solution of feeder reconfiguration

The simultaneous solution of the optimal reconfiguration and DG setting problem determines which 

network switches should be open and closed as well as DG size in order to reduce losses and improve 

voltage profile. The optimum size of DG at bus 22 is 960.23

is 0.9879 p.u and minimum voltage is improved to 0.9740 p.u. after 

reconfiguration and DG placement

reduction of 68.8% in total power loss.

Fig 1: Loss reduction for 33

Table 2
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method [19] 
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2520.5 2520.5 

7,10,14 

37,36 

7,14,31, 

35,37 

33,34,35, 

36,37 

7,14,31, 

35,37 

0.9659 0.9704 0.9788 
 

0.9853 
 

138.06 122.1357 103.3509 94.9593 

31.89 39.73 49.00 53.14 

  

simultaneous solution of feeder reconfiguration and DG placement

The simultaneous solution of the optimal reconfiguration and DG setting problem determines which 

network switches should be open and closed as well as DG size in order to reduce losses and improve 

The optimum size of DG at bus 22 is 960.23 kW.  The average voltage of the system 

is 0.9879 p.u and minimum voltage is improved to 0.9740 p.u. after simultaneous solution of feeder 

reconfiguration and DG placement. Similarly the losses have reduced to 63.22 kW.

in total power loss. 

Loss reduction for 33-bus radial distribution system. 

Table 2: Bus voltages of 33-bus system 

Case 1 Case 2 Case 3 

Proposed 

method 
Proposed method

 1.000 1.000 1.000 

0.9971 0.9971 0.9988 0.9986 

0.9869 0.988 0.9943 0.9965 

0.9823 0.9841 0.9940 0.9979 

0.9778 0.9805 0.9940 0.9998 

0.9666 0.9713 0.9917 1.0023 

0.9659 0.9707 0.9884 1.0017 

0.9653 0.9613 0.9838 0.9826 

Case-1 Case-2 Case-3 Case-4
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817.07 960.23 

7,14,31, 

35,37 

7,9,31, 

35,37 

0.9805 
 

0.9879 

88.0816 63.22 

56.53 68.8 

placement  

The simultaneous solution of the optimal reconfiguration and DG setting problem determines which 

network switches should be open and closed as well as DG size in order to reduce losses and improve 

kW.  The average voltage of the system 

simultaneous solution of feeder 

. Similarly the losses have reduced to 63.22 kW. This amounts to a 

 

Case 4 Case 5 

Proposed method 

1.000 1.000 

0.9976 0.9982 

0.9885 0.9921 

0.9846 0.9905 

0.9810 0.9893 

0.9718 0.9853 

0.9712 0.9846 

0.9842 0.9887 

Case-5
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9 0.9621 0.9559 0.9778 0.9717 0.9844 0.9899 

10 0.9616 0.9955 0.9722 0.9970 0.9960 0.9959 

11 0.9681 0.9947 0.9714 0.9962 0.9952 0.9960 

12 0.9683 0.9951 0.9700 0.9966 0.9956 0.9948 

13 0.9657 0.9949 0.9641 0.9964 0.9954 0.9956 

14 0.9649 0.9945 0.9620 0.9960 0.9950 0.9963 

15 0.9574 0.9456 0.9606 0.9684 0.9850 0.9922 

16 0.9561 0.9424 0.9593 0.9624 0.9819 0.9892 

17 0.9541 0.9365 0.9574 0.9606 0.9762 0.9835 

18 0.9536 0.9341 0.9568 0.9577 0.9739 0.9812 

19 0.9953 0.9954 0.9983 0.9832 0.9968 0.9975 

20 0.9802 0.9806 0.9947 0.9972 0.9902 0.9924 

21 0.9760 0.9766 0.9940 0.9856 0.9885 0.9911 

22 0.9733 0.9759 0.9934 0.9819 0.9879 0.9905 

23 0.9833 0.9844 0.9908 0.9739 0.9849 0.9886 

24 0.9767 0.9777 0.9842 0.9930 0.9783 0.9820 

25 0.9734 0.9744 0.9809 0.9864 0.9749 0.9787 

26 0.9647 0.9699 0.9899 1.0006 0.9704 0.9851 

27 0.9622 0.9681 0.9874 0.9983 0.9686 0.9850 

28 0.9510 0.9597 0.9765 0.9882 0.9602 0.9834 

29 0.9429 0.9538 0.9687 0.9809 0.9544 0.9776 

30 0.9395 0.9515 0.9653 0.9778 0.9521 0.9754 

31 0.9354 0.9501 0.9613 0.9745 0.9507 0.9740 

32 0.9345 0.9319 0.9604 0.9566 0.9717 0.9791 

33 0.9342 0.9327 0.9601 0.9567 0.9725 0.9799 

 

 

Fig 2: The 33-bus radial distribution system. 
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V. CONCLUSIONS 

In this paper, Artificial Bee Colony (ABC) algorithm is proposed to solve distribution feeder 

reconfiguration with distributed generation (DG) for 33 bus system. Although the optimal on/off 

patterns of the switches contributes to loss reduction and voltage profile improvement. It can be 

observed that 68.8% of loss reduction and average voltage of 0.9879 p.u. can be achieved by the case 

5 is the simultaneous solution of feeder reconfiguration and DG placement comparing with other 

cases by the ABC method in the system. The results show that the artificial bee colony algorithm for 

real power loss minimization to be the most effective and efficient. 
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APPENDIX 

Table 3: Data for 33-bus test system [19] 

Line 

number 

Sending 

end 

Receiving 

end 

Resistance 

(Ω) 

Reactance 

(Ω) 

Load at receiving end bus 

Real power 

(kW) 

Reactive power 

(kVAr) 

1 1 2 0.0922 0.0470 100 60 

2 2 3 0.4930 0.2511 90 40 

3 3 4 0.3660 0.1864 120 80 

4 4 5 0.3811 0.1941 60 30 

5 5 6 0.8190 0.7070 60 20 

6 6 7 0.1872 0.6188 200 100 

7 7 8 0.7114 0.2351 200 100 

8 8 9 1.0300 0.7400 60 20 

9 9 10 1.0440 0.7400 60 20 

10 10 11 0.1966 0.0650 45 30 

11 11 12 0.3744 0.1238 60 35 

12 12 13 1.4680 1.1550 60 35 

13 13 14 0.5416 0.7129 120 80 

14 14 15 0.5910 0.5260 60 10 

15 15 16 0.7463 0.5450 60 20 

16 16 17 1.2890 1.7210 60 20 

17 17 18 0.7320 0.5740 90 40 

18 2 19 0.1640 0.1565 90 40 

19 19 20 1.5042 1.3554 90 40 

20 20 21 0.4095 0.4784 90 40 

21 21 22 0.7089 0.9373 90 40 

22 3 23 0.4512 0.3083 90 50 



International Journal of Engineering Sciences & Emerging Technologies, Oct. 2012. 

ISSN: 2231 – 6604     Volume 3, Issue 2, pp: 50-59 ©IJESET 

 

59 

 

23 23 24 0.8980 0.7091 420 200 

24 24 25 0.8960 0.7011 420 200 

25 6 26 0.2030 0.1034 60 25 

26 26 27 0.2842 0.1447 60 25 

27 27 28 1.0590 0.9337 60 20 

28 28 29 0.8042 0.7006 120 70 

29 29 30 0.5075 0.2585 200 600 

30 30 31 0.9744 0.9630 150 70 

31 31 32 0.3105 0.3619 210 100 

32 32 33 0.3410 0.5302 60 40 

33* 21 8 2.0000 2.0000   

34* 9 15 2.0000 2.0000   

35* 12 22 2.0000 2.0000   

36* 18 33 0.5000 0.5000   

37* 25 29 0.5000 0.5000   

*Tie switches,  Substation voltage = 12.66 kV 
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