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ABSTRACT— The main idea in the distribution system is to reconfigure the network and to change the
sectionalizing switches' state to reduce power loss and maintain system stability. In network reconfiguration, a key
role is to find the appropriate network topology that does have the lowest losses during any conditions present within
the network. Reliability, security, and system operating limitations are the most significant parts of the network
reconfiguration that are suitable. In the work, the authors suggested to apply Tabu search optimisation technique to
solve the problem of network reorganisation in the distribution system by creating a stochastic model of a
virtual zone based on data prepared in a previous study by the first author. The stochastic model consists of four
feeders and 106 buses. The validity of the suggested technique is verified by relying on standard practices and its
ability to establish a correct network topology in the system distribution. This investigation determines that the
suggested technique is excellently suitable for creating a virtual zone network and can be applied in reality.
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1. INTRODUCTION

Network reconfiguration [1] [2] can be described as shutting down and opening the switches in order to change the
network topology and thus getting the energy flow from the substation to the customers. Moreover, the distribution
feeders include a number of switches [3]. Some of them are characterised by being closed, they are also called
sectionalising switches or the second type of switches that are distinguished as open or tie switches. When an event
occurs in the network, the network is reconfigured by opening or shutting down the switches in the network under several
restrictions that must be followed within the network. The imposed limitations can be summarised as follows: the
operating must be in the radial configuration [4], identifying and processing loads correctly [5], the lines [6],
transformers [7] and other equipment must generally operate without modifying their capacity limits, and the
organisational and structural limitations of the bus voltage in the network must not vary. In 1989 there is a study by
Shirmohammadi et al. from the USA [8]. They suggest adding a computational efficiency branch and bound type
heuristic method of the related type to reconfigure the distribution system correctly and for the minimum loss. The
researchers Borozan and Rajakovic, in their article which is printed in 1997 in IEEE Transactions on Power Delivery,
present realistic short-term planning for executing network reconfiguration [9]. A study that is conducted by Lin and
Chin [10] shows that in the reconfiguration technique that is mainly aimed at reducing losses, switch indicators are
utilised based on the drop in branch voltage and branch constraints. In a study published by Robert et al. in 2004 [11],
they propose applying a genetic algorithm for optimal network reconfiguration to minimise losses and control it through
fuzzy logic. Crucially, the best solution for a sample distribution system reconfiguration is taken by selecting brute-force
and ant-colony methods. Effects and system data of these methods are exhibited in [12] [13].

The main contribution of the current study is applying the Tabu-Search optimization technique to find the optimal
network reconfiguration. This technique is described by meeting many requirements and adherence to operational
restrictions. Its main objective is the minimum losses and also the radiality and voltage drop constraints. As for the data
that is relied upon in creating the stochastic model, they are study data collected by the first author and published in her
study in 2011.

Asian Online Journals (www.ajouronline.com) 8



http://www.ajouronline.com/

Asian Journal of Engineering and Technology (ISSN: 2321 — 2462)
Volume 9 — Issue 2, April 2021
2. THE POWER LOSS DERIVATION

In fact, the distribution system is mainly composed of a main radial feeder only. Figure 1 displays a single-line
diagram of such a feeder that consists of n branches or nodes [14].

V. Vi Vi o Va Vie o Ve
=] o == I
fs-pc. |

Su Si S Su

Figure 1: Single-line diagram of a main radial feeder.

In order to realize the power flow of the radial distribution network, analytical formulas la, ab, and 1c are used,
which describe the real power, reactive power, and voltage at the transmitter and receiver ends of a specific branch.
Formulas (1) are designated the branch flow formulas.
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Formulas (1), are termed the branch flow equations. Description of power flow in the structure of a radial distribution
network through a given set of recursive branch flow formulas (Formulas 1) Description of power flow in the structure of
a radial distribution network through a given set of recursive branch flow formulas. For the terms quadratic they are
represented by the formulas of losses in the branches. These terms are characterised in that their values are smaller than
power terms P; & Q;, so they will be overlooked in implementation. Formulas (2) represent the new branch formulas as
follows:
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The power loss (FL;) in a branch is computed as given by formula 3. The total system loss T§; is the total of all
branches loss performed by formula (4).
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3. THE OPTIMISATION PROBLEM

In this section, the problem of the distribution system reconfiguration is discussed mathematically as shown below
[15]. The primary purpose of reconfiguring the feeding unit is to reduce the distribution of losses of system created in the
stochastic model by utilising on/ off the partition switches.

L B 407
Min. Cost = Z n @ (5)
i=1 [
Subject to:

glx) =0 (6)
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Two subgroups are configured through which to verify the constraints of the network reconfiguring, as follows [16]:
Subgroup-1 reviewing for the supply provision and radiality of the system. This job is prepared before the load flow.
Subgroup-2 is reviewing for voltage drop and line capacity limits. This job is prepared after the load flow. The following
points explain the constraints that are imposed on network reconfiguring:

=  Point#1 is radial network constraint: the distribution network shall hold a radial structure, taking into account the
operational point of view. Consequently, each section has included one up-stream section.

= Point#2 is power source limit constraint: It is designated that the total loads for each sub-network do not exceed the
capacity limit of the corresponding power source significantly.

= Point#3 is voltage constraint: voltage magnitude at each level of a section shall happen within their acceptable
ranges.

= Point#4 is current constraint: the current magnitude of each branch (line and switch) shall happen within their
acceptable ranges.

4. TABU SEARCH ALGORITHM

In 1986 American computer researcher Fred W. Glover states the Tabu Search (TS) algorithm [17] [18] allows local
search techniques to overcome local optima. This algorithm is publicly and widely employed to solve combinatorial
optimisation problems that classic optimisation methods have a significant challenge in solving within practical and
effective time limits. This algorithm is characterised by using some sensible ideas to enable the search process to
disappear from the local optimum level. This yields solutions and predictions that often exceed their quality and are
characterised by the speed of completion of tasks, and this is why, it has been utilised in this work. The principal factors
of the TS algorithm are [19-21]:

=  Solution representation: Each likely solution to the optimisation obstacle must have a unique representation within
the search space.

=  Cost function: This function is drafting each available solution into a value representing its optimization cost. The
algorithm aims to discover a solution that reduces this value.

= Neighbourhood: A function mapping each feasible solution 5 into a set of other solutions. Each time the algorithm
has to judge a new key, it is taken from the modern solution's neighbourhood.

= Tabu list: A list including the last T moves carried out, which for this reason are blocked. A solution received from
the modern solution S with an action included in the Tabu list cannot (in general) be a part of 5's neighbourhood.

= Aspiration criterion: If a Tabu move (a move which is included in the Tabu list) satisfies this rule, then the solution
achieved by utilising it to the modern solution 5 can be judged to be in the neighbourhood of 5. The usual measure is
that the move gives the best solution received so far. where § is search space.
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Figure 2: Flow chart of Standard
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Figure 2 presents a flowchart of the TS algorithm. This scheme is defined as follows:

Round 1: Enter all distribution system data and all operational constraints, and this step includes configuring the
fundamental parameters in the distribution system (maximum iteration and iteration index K = 0). After that, the current
situation is configured B and R € §. The optimal solution is R,.:imai = E. The modern solution is designed by the
switch number that should be started during network reconfiguration.

Round 2: Establish the value of K = K, + 1. This round is essential in making the system data.

Round 3: Implement a load flow program in each configuration in the Tabu list. Preservation of the radial configuration
of the system is given in the Tabu list after properly verifying the algorithm of the beam for calculating the power loss,
where the structure is determined with minimal power loss, and the bus voltage is measured in the system.

Round 4: Through this round, the aspiration level is calculated, as the total power losses in the system are known
through formula (11). A batch of solutions is produced from the neighbourhood of R by changing the switch numbers
that must be unlocked. This batch of solutions is indicated of Ryeizhbourhooa

Ho_r:ltl'ﬂ:n:i i optimal=f(Roptimar) (113
Round 5: This round has two possibilities, either setting the current power loss to equal the new power loss or making
settings to restore the previous configuration and undo this round.
Round 6: If a stopping circumstance is matched, then it stops. Else go to round 2.
Round 7: Finish/Stop.

5. ALGORITHM VALIDATION

The TS algorithm is first used to find the optimal feeder configuration of well documented systems. Three
standard systems are considered [22- 24]. Table 1 shows the here used TS algorithm results along with those
obtained in the respective references. The results of Table 1 verify the validity of the TS algorithm adopted in
this work.

Table 1: (16-18-32)-bus system results using TS algorithm in comparison with other techniques [25].

System Losses Tie switches
Before reconfiguration=511.435 kW [(5-11), (10-14), (7-16)]
16- bus system After reconfiguration using (SA) [22] = 466.1 kW Before [(8-10), (9-11),
After reconfiguration using proposed TS=466.1 kW (7-16)] After

Before reconfiguration=112.34 kW [(6-10), (13-17)] Before

18- bus system After reconfiguration using (GA) [23] = 107.48 kW . .
After reconfiguration using proposed TS=103.7 kW [(6-10), (16-17)] After
Before reconfiguration=202.6 kW [(8-21), (9-15), (12-22), (18-
After reconfiguration using Artificial Bee Colony Algorithm [24] = 33),(25-29)] Before

32- bus system 139.5 kW After reconfiguration using proposed TS=139.5 kW [(7-8), (14-15), (9-10), (32-

33), (25-29)] After

6. DATASETS AND EVALUATIONS

The design of the stochastic model is based on data from an Iragi company organised by the first author in [25]. The
stochastic model consists of three feeder station transformers of 132/33/11 kV with a power rating of 63/50/25 MVA. Six
feeders at the 33 kV level feed six 33/11 kV substations. Fifteen 11 kV feeders outgoing from this stochastic station serve
many mixed residential, manufacturing, and trading loads. In this work, only four of one of the three transformer
substations are needed. Also, this model is rated at 11 kV with 101 sectionalizing switches, 102 buses, and 4 tie switches.
The system data is provided in Table 2. Moreover, the model's actual and reactive load requirements are utilised for each
bus without any content change. The total loads are 17,531 kW with a substantial initial model power loss of 200.82 kW.
When we apply the suggested TS algorithm to the stochastic model, the last power loss is 155.2 kW. The effects of Table
3 confirm that the power loss after reconfiguration is 22.7% less than its initial value. Besides, Figure 3 (a) displays the
voltage profile before and after the feeder reconfiguring. As recorded, most of the bus voltages are updated after feeder
reconfiguring. The smallest bus voltage is 0.9769 p.u. And after reconfiguration, it is raised to 0.9818 p.u. Figure 3 (b)
proves the presence of the best Tabu transactions recorded during the search process, which will give us effects that lead
to reducing the cost function. Also, there are only six movements that lead to the ideal solution. Four ties are elected to
be closed at each round, and an equivalent number of splitter switches open if this reduces the power loss in this model.
The duration of the implementation of the grown program is about 25 minutes. Table 4 displays the statistics of the cost
function in the simulation effects.

Asian Online Journals (www.ajouronline.com) 11



http://www.ajouronline.com/

Asian Journal of Engineering and Technology (ISSN: 2321 — 2462)
Volume 9 — Issue 2, April 2021

Table 2: Stochastic feeder model: line and bus data

End Bus
2{(9) X(Q) Real Power Reactive
Load (kW) Power Load

(KVAr)
1. 0 1 0 0 0 0
2. 1 2 0.1749 0.1289 0 0
3. 2 3 0.0885 0.0971 200 150
4, 3 4 0.1026 0.1126 340 210
5. 4 5 0.0490 0.0538 200 150
6. 5 6 0.0106 0.0182 0 0
7. 6 7 0.1013 0.1111 200 150
8. 7 8 0.0350 0.0383 340 210
9. 8 9 0.0576 0.0632 200 150
10. 9 10 0.0618 0.0678 200 150
11. 3 11 0.0160 0.0176 0 0
12. 11 12 0.0093 0.0102 340 210
13. 11 13 0.1215 0.1333 340 210
14. 5 14 0.0408 0.0448 0 0
15. 14 15 0.0087 0.0095 200 150
16. 14 16 0.0305 0.0334 200 150
17. 8 17 0.0368 0.0403 340 210.71
18. 1 18 0.0218 0.0160 0 0
19. 18 19 0.0583 0.0639 200 150
20. 19 20 0.0359 0.0393 0 0
21. 20 21 0.0229 0.0252 0 0
22. 21 22 0.0970 0.1064 0 0
23. 22 23 0.0330 0.0362 0 0
24. 23 24 0.0085 0.0093 200 150
25. 24 25 0.0197 0.0217 200 150
26. 25 26 0.0437 0.0479 200 150
27. 18 27 0.0167 0.0181 0 0
28. 27 28 0.0224 0.0245 0 0
29. 28 29 0.0054 0.0138 200 150
30. 19 30 0.0195 0.0214 200 150
31. 20 31 0.0202 0.0222 340 210.71
32. 22 32 0.0102 0.0112 200 150
33. 32 33 0.0076 0.0083 200 150
34, 32 34 0.0034 0.0037 200 150
35. 23 35 0.0169 0.0185 200 150
36. 35 36 0.0216 0.0237 200 150
37. 24 37 0.0309 0.0334 200 150
38. 37 38 0.0298 0.0327 200 150
39. 25 39 0.0332 0.0364 200 150
40. 27 40 0.0465 0.0510 200 150
41. 28 41 0.0538 0.0138 200 150
42. 41 42 0.0193 0.0212 200 150
43. 29 43 0.0282 0.0309 200 150
44, 1 44 0.0461 0.0340 0 0
45, 44 45 0.0081 0.0022 0 0
46. 45 46 0.0141 0.0155 200 150
47, 45 47 0.0151 0.0165 0 0
48. 47 48 0.0707 0.0776 200 150
49, 48 49 0.0311 0.0341 200 150
50. 49 50 0.0305 0.0334 200 150
51. 50 51 0.0516 0.0566 200 150
52. 51 52 0.0245 0.0269 200 150
53. 52 53 0.0116 0.0127 200 150
54. 47 54 0.0970 0.1066 200 150
55. 54 55 0.0305 0.0334 0 0
56. 54 56 0.0066 0.0072 0 0
57. 48 57 0.0151 0.0165 200 150
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58. 50 58 0.0386 0.0424 200 150
59. 51 59 0.0308 0.0338 340 210.71
60. 59 60 0.0141 0.0155 200 150
61. 53 61 0.0298 0.0327 340 210.71
62. 53 62 0.0116 0.0127 200 150
63. 62 63 0.0119 0.0210 200 150
64. 63 64 0.0160 0.0176 200 150
65. 55 65 0.0267 0.0293 200 150
66. 55 66 0.0173 0.0189 200 150
67. 66 67 0.0210 0.0231 200 150
68. 1 68 0.0265 0.0195 0 0
69. 68 69 0.0028 0.0031 0 0
70. 69 70 0.0235 0.0258 340 210.71
71. 69 71 0.0500 0.0548 200 150
72. 71 72 0.0248 0.0272 200 150
73. 72 73 0.0361 0.0396 200 150
74. 73 74 0.0232 0.0255 0 0
75. 74 75 0.0456 0.0500 80 60
76. 75 76 0.0173 0.0189 0 0
77. 76 77 0.0099 0.0108 340 210.71
78. 77 78 0.0082 0.0089 0 0
79. 78 79 0.0113 0.0124 0 0
80. 74 80 0.0308 0.0338 0 0
81 80 81 0.0447 0.0490 900 435.89
82. 81 82 0.0161 0.0177 0 0
83. 82 83 0.0327 0.0358 200 150
84. 83 84 0.0284 0.0312 200 150
85. 84 85 0.0225 0.0280 200 150
86. 85 86 0.0407 0.0447 200 150
87. 86 87 0.0051 0.0056 0 0
88. 87 88 0.0166 0.0180 0 0
89. 80 89 0.0198 0.0217 200 150
90. 89 90 0.0399 0.0438 200 150
9L 90 91 0.0214 0.0235 200 150
92. 82 92 0.0173 0.0189 200 150
93. 92 93 0.0327 0.0358 200 150
94. 93 94 0.0404 0.0443 200 150
95. 84 95 0.0385 0.0423 200 150
96. 87 96 0.0369 0.0404 200 150
97. 76 97 0.0170 0.0187 340 210.71
98. 78 98 0.0103 0.0113 0 0
99. 98 99 0.0103 0.0113 535.50 331.87
100. 98 100 0.0075 0.0082 0 0
101. 100 101 0.0103 0.0113 535.50 331.87
102. 100 102 0.0246 0.0270 340 210.71

103* 6 21 0.0122 0.0134

104* 26 29 0.0103 0.0113

105* 54 64. 0.0170 0.0187

106* 55 88 0.0339 0.0180

Table 3: Stochastic feeder model results using TS algorithm

Pli)(\)/\slzr %power loss  Voltage Profile (p. u.) Tie Switches
Before reconfiguration 189.82 kW 1.125% v \_/'ﬂagzg é% 6-222122;_)23.854-
min—VY. , -
After reconfiguration 145.2 kW 0.875% v \_/Taszg %18 5-6, 2%—22%,852-53,
min—VY. -
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Figure 3: (a) Voltage profile for the stochastic feeder model, (b) The best moves recorded in the Tabu list during the
search process for the stochastic feeder model.
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7. CONCLUSIONS

In this paper, a standard Tabu research method is performed to solve the problem of optimal distribution
network reconfiguring. It is essentially used to reduce the power loss of the model. The components of the
proposed Tabu Search based method, including neighbourhood design, evaluation function design, Tabu list etc.,
are explained. This work is performed using a computer with the following specifications: RAM :8 GB, CPU:
Intel- Core™ i7-9300 (2.40 GHz, 8M cache), programming language: MATLAB 2018a, OS: Ubuntu v.20 LTS.
The proposed algorithm has been tested on standard systems. Conclusions show that the suggested Tabu Search
based method is feasible, efficient and promising for distribution system reconfiguration. Extensive series of
simulation studies of stochastic feeder model are performed considering different loading conditions as far as
magnitude and power factor are concerned. The overall system reconfiguration pattern is almost as that of Table
3. In all the cases, the four tie switches are closed, and different sections switch to open the network topology for
other loading types and issues. The general conclusion for the stochastic feeder model is better to keep the tie
switches closed all the time and open the switches shown in Table 3 for all loading conditions. Table 4 displays
the statistics of the cost function in the simulation effects.
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