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1. INTRODUCTION

The electricity generated by power stations is transmitted to distribution networks through
transmission lines. Distribution networks in-turn feed electricity to their customers. Electric power is
typically provided to consumers at low voltage. Distribution network with low voltage for consumers is
achieved, since it is connection to the high voltage line with the low voltage customers. This tends to
increasing of power losses by comparing with the system of transmission, approximately 12.8% generation
wasted by losses in the total generation of power [1]. Real and the reactive components of branch currents
usually cause the power loss. With the reconfiguration of the network the losses caused by reactive branch
current components can be that. The reconfigured network reduces the power losses, increases the voltage
profile of the network. The important factor that influences network reconfiguration is altering the topology
of the system for efficient operation. But each distribution feeder consists of different combination of
loads [2].

Settings of the distribution network can reduce missing settings by means of the tie and sectional
switches as well as boost the voltage profile. Not only would the operating environments improve, but the
system’s hardware features would be used entirely. Configuring the feeder will require load transfers places
that are relatively slightly loaded from heavily loaded areas [3]. Configuring the delivery network to
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minimize loss can be complicated combinatorial optimization problem since several switching combinations
are involved in reconfiguration. The two groups are listed in most current reconfiguration algorithms. Upon
the first branch exchange, during the workable radial set-up, the system runs, thus opening and closing the
algorithm of candidate in pairs [4].

S. Essallah and A. Khedher [5] proposes a mixed particle swarm optimization (PSO) methodology
for the minimization of active power loss and the voltage profile improvement in the distribution network.
An improved selective binary PSO algorithm for solving the distribution networks reconfiguration is
proposed in [6]. A. A. M. Raposo, A. B. Rodrigues, M. G. da Silva [7] proposes a new method that considers
the meter placement along with the reconfiguration of RDSs for the reduction of annual energy loss. A new
supply restoration and reconfiguration approach based on the enhanced binary genetic algorithm is proposed
in [8]. J. Shukla, B. K. Panigrahi, and P. K. Ray [9] proposes an optimal reconfiguration model with
probabilistic stability constraints with correlation and small signal stability for distribution network. A
methodology for the reconfiguration associated with capacitor allocation to minimize energy losses on RDSs
considering different load levels is proposed in [10]. An approach for the RDSs reconfiguration based on
bio-inspired evolutionary artificial immune system algorithm to minimize energy losses is proposed in [11].

Distribution networks have increased and spread too far, resulting in higher network losses and
having less voltage control. Hence requirement of an effective and secure method of network reconfiguration
is now most important and relevant [12]. In this paper, network reconfiguration is performed on radial
distribution system (RDS) for loss reduction and improvement of voltage profile. There are two matrices that
are built in this work; they are branch current to bus voltage (BCBV) matrix, bus injection to bus current
(BIBC) matrix, and the product of above matrices provides us solutions for load flow analysis. The
conventional methods of load flow that are used in transmission systems are not applicable to distribution
systems. In this work, the forward-backward sweep approach of load flow analysis is used [13]. In this work,
the reconfiguration of the network is done for 16 RDS and the obtained results are very promising.

2. LOAD FLOW ANALYSIS OF RADIAL DISTRIBUTION SYSTEM

Standard algorithms such as Newton-Raphson method of load flows can be used with transmission
systems. But due to weak reactance to resistance ratio of the distribution system, convergence rate of such
algorithms is very slow [14], [15]. Distribution system load flows are developed to get used in weak
reactance to resistance ratio systems. Certain software programs are explicitly designed for the distribution
systems. Such programs would be much effective, easier, have less memory requirements and reasonable
reliability [16]. The BIBC matrix [17] can be obtained by using the branch and node currents of a distribution
network and it can be expressed as,

Uprancn] = [BIBC][Inoqe] 1)
The BCBV matrix can be expressed as,

[AV] = [BCBV][Iprancn] (2
Since the branch current is given in (1), so one can substitute it in (2), then the obtained equation is [18],

[AV] = [BCBV][BIBC][lnoqe] ®)
The distribution load flow (DLF) matrix is obtained by multiplying both [BIBC] and [BIBC] matrices,

[AV] = [DLF][Inoge] (4)

BIBC and BCBV product matrices are based upon their system topologies. The DLF matrix stays
constant throughout the iterations if the device configuration does not change [19], [20]. The only
modifications that occur throughout the load flow process are to node current vector and to voltage correction
vector (AV) [21].
2.1. Distribution load flow algorithm

The DLF for radial distribution network can be analysed using the following steps:
Step 1: Enter input data of the system.

Step 2: Formulate and obtain BIBC matrix.
Step 3: Formulate and obtain BCBV matrix.
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Step 4: Form the DLF matrix by using,

[AV] = [BCBV][BIBC][I%qe] (5)

node

Step 5: Set the iteration count, k=1.
Step 6: Rewrite the voltages as shown in,

I = () ©
[AV¥] = [DLF[ )
V4] = [vi] ~ [4V*] ®

Step 7: If I} — I¥ > tolerance go to next step, else print the results.
Step 8: k=k+1
Step 9: Go to Step 6.

3. NETWORK RECONFIGURATION

Reconfiguration of RDS refers to opening and closing operation of sectionalizing and tie switches
respectively in the distribution network. Entire feeder or a portion of it may be fed from another feeder
section by closing a tie-switching connecting the feeders and by opening a suitable sectionalizing switch, in
order to maintain the radial nature of the feeders. Network reconfiguration in this work pertains to identifying
the sectionalizing and tie switches which are to be opened and closed respectively to obtain maximum
reduction in power losses. Losses in distribution system, before and after reconfiguration can be found by
running load flows. A detailed analysis of network reconfiguration in a RDS can be analyzed by using the
flow chart shown in Figure 1.

[ Input the line, load and tie switch data |

[ Run the load flow for original system. Calculate TPL. |

[ Consider first tie switch, i=1 |

Select another
£ tie switch i=i+1

v
Add tie switch to the sending end Add tie switch to the receiving end
node. Open the branch that is node. Open the branch that is
connected to the receiving end node.| [connected to the sending end node.

Add the opened branch at the
sending end node. Open the —»
branch that is connected to

the receiving end node.

Run the load flows for the modified network and
determine the sum of the branch real power loss

Figure 1. Flowchart for reconfiguration of RDS for loss minimization

In this figure, n; is number of tie switches in the RDS. The first step in this method is read the line
data and load data and tie switch data of the system. This data includes static data search such as no of
sections, no of nodes, no of feeders, section resistances and reactance and dynamic data search such as
system configuration, switch table, node voltage and nodal load power components (active and reactive). The
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next step in this method is to run the load flows of base case system. This power loss obtained in a base case
system is stored in a temporary variable. The next step is selecting the tie switch of the system [22], [23]. If
the selected tie switches till now is equal or greater than the total number of tie switches then the process
stops. If the selected tie switches is less than the total number of tie switches then proceed to next step [24].
Then checking the voltages of sending end and receiving end if the sending end voltage is greater than the
receiving end voltage, i.e., (VX > %) then add tie switch at the sending end node; open the branch that is
connected to receiving end node. Then run the load flows for the modified network and sum the branch real
power loss. Then check the voltages of branch that is opened during the network if the (V,5 > ;%) and the
difference of real power loss of base case system (V2 > ,2) and modified power loss is greater than the error
(TPL* — TPL)>error then the modified real power loss is sent to another variable and further add opened
branch at the sending end node that is connected to the receiving end node and run the load flows and do the
same analysis [25], [26]. If the condition is not true then select the next tie switch for the process and do the
same analysis of the system. This flow chart is useful for any type of network and we can obtain the
minimum loss for the system and also we can improve the voltage profile for the entire system.

4. RESULTS AND DISCUSSION

In this work 16 bus RDS is used for the analysis and explanation of network reconfiguration. The
base MVA and base voltage for 16 bus are considered as 100 MVA and 11 kV, respectively. The 16 bus RDS
consists of 3 feeders as shown in Figure 2. Branches shown with dashed lines represent tie-switches and that
with solid lines represent sectionalizing switches. Normally, the sectionalizing switches are closed and tie
switches are open [27]. There are 13 sectionalizing branches and 3 tie-branches with switches in the system
considered.

Consider first tie switch which is connected between bus number 5 and bus number 11. Load
connected at node 11 in feeder 2 can be shifted to feeder 1 by opening sectionalizing switch 8 and closing tie-
switch 14 or load connected at node 5 in feeder 1 can be shifted to feeder 2 by opening sectionalizing switch
2 and closing tie-switch 14 [28]. Either of the above suggested modifications results in system
reconfiguration [29]. But, here the aim is to reduce the power losses and to improve the voltage profile.
Whichever configuration mentioned above leads to the desired objective is considered as the best
configuration. Instead of checking all possible combinations, decision for shifting of load to the other feeder
can be taken from the load flow solution for the existing configuration. For base case (initial configuration)
shown in Figure 2, the load flow results are as shown in Figure 3.

Feeder 1 Feeder 2 Feeder 3 P ® @ 1
@—L —— ——
10 * ? o o te ® 9
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1 \ /® ! 1
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o @ > o
3 14
@ nez
® - @
4 @ 16 13 D‘91 2 3 4 5 =] T a2 =] 1.0 11 12 1.3 14 15 16

Hode number

Figure 2. Single line diagram (SLD) of a 16 bus RDS Figure 3. Base case load flow results of 16 bus
RDS

Minimum voltage in this case is 0.9531 p.u and it appears at bus number 12. Total active power loss
in the system under base case is 649.58 kW. For the existing configuration for voltages at bus numbers 5 and
11 may be checked to take the decision about switching operation. From Figure 2, it can be seen that voltage
at bus 5 is greater than that at bus 11. Hence, it is appropriate to shift the load connected to bus 11 on to bus 5
by closing the tie switch connected between bus 5 and bus 11 (branch 14) and opening the sectionalizing
switch connected between bus 9 and bus 11.

For the reconfigured system obtained by closing the switch between bus 5 and bus 11 and opening
the sectionalizing switch between bus 9 and bus 11 the system appearance is as shown in Figure 4 and the
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obtained load flow results are depicted in Figure 5. Now, the new tie switch is branch number 8 that is
connected between bus 9 and bus 11. Minimum voltage in this case is 0.9546 p.u and it appears at bus
number 12. Total active power loss in the system under this case is 626.69 kW. The minimum voltage for this
configuration seems to be improved compared to that of base case and also it can be seen that there is a loss
reduction of 22.89 kW. Hence this configuration may be treated as the better configuration compared to
earlier configuration (base case).
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Figure 4. SLD of a 16 bus RDS for the reconfigured Figure 5. Load flow results of 16 bus RDS due to
system with branch number 8 as tie-switch opening the sectionalizing switch between buses 9
and 11, and closing the switch between buses 5
and 12

Proceeding further, voltage at bus number 11 is greater than that at bus number 9. So, the next new
configuration is obtained by closing the switch between bus numbers 9 and 11, and opening the switch
between bus number 9 and bus number 8 so that load at bus number 12 is not isolated. For this new

configuration the system appearance is as shown in Figure 6, and the load flow results are as depicted in
Figure 7.
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Figure 6. SLD of a 16 bus RDS for the reconfigured Figure 7. Load flow results of 16 bus RDS due to
system with branch number 6 as tie-switch closing the switch between bus 9 and bus 11 and
opening the sectionalizing switch between bus 8

and bus 9

Minimum voltage for this configuration is seen to be 0.9265 p.u and it appears at bus number 12.
Since minimum voltage is less than 0.95 p.u this configuration is not useful. Hence, we cannot consider this
configuration for the selected tie-switch or proceed further and so, the previous configuration is held to be the
best configuration for the tie-switch connecting feeders 1 and 2.

Now consider the second tie-switch which is connected between bus number 10 and bus number 14.
Load flow results for the previous selected configuration are shown in Figure 5. From this figure it can be
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said that voltage at bus number 14 is greater than voltage at bus number 10. Hence load on bus number 10
may be transferred to bus number 14 by closing the tie switch number 15 and opening the sectionalizing
switch number 7. The resulting system is depicted in Figure 8 and the load flow results are shown in Figure 9.
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Figure 8. SLD of a 16 bus RDS for the reconfigured
system with branch number 7 as tie-switch

Figure 9. Load flow results of 16 bus RDS due to
closing the switch between bus 10 and bus 14 and
opening the sectionalizing switch between bus 8 and
bus 10

Now, the new tie switch is branch number 7 that is connected between bus 8 and bus 10. Minimum
voltage in this case is 0.9568 p.u and it appears at bus number 12. Total active power loss in the system under
this case is 599.56 kW. The minimum voltage for this configuration seems to be improved compared to that
of previous configuration and also it can be seen that there is a loss reduction of 50.02 kW. Hence this
configuration may be treated as the better configuration compared to earlier configuration.

Proceeding further, voltage at bus number 10 is greater than that at bus humber 8. So, the next new
configuration is obtained by closing the switch between bus number 8 and bus number 10, and opening the
switch between bus number 2 and bus number 8 so that no closed loop is formed between feeder 2 and feeder
3. For this new configuration the system appearance is as shown in Figure 10 and the load flow results are as
depicted in Figure 11. Minimum voltage for this configuration is seen to be 0.8766 p.u and it appears at bus
number 12. Since minimum voltage is less than 0.95 p.u this configuration is not useful. Hence, we cannot
consider this configuration for the selected tie-switch or proceed further and so, the previous configuration is
held to be the best configuration for the tie-switch connecting feeders 2 and 3.
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Figure 10. SLD of a 16 bus RDS for the reconfigured
system with branch number 5 as tie-switch

Figure 11. Load flow results of 16 bus RDS due to
closing the switch between bus 8 and bus 10 and
opening the sectionalizing switch between bus 2

and bus 8
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Now consider the third tie-switch which is connected between bus number 7 and bus number 16.
Load flow results for the previous selected configuration are shown in Figure 9. From this figure it can be
said that voltage at bus number 16 is greater than voltage at bus number 7. Hence load on bus number 7 may
be transferred to bus number 16 by closing the tie switch number 16 and opening the sectionalizing switch
number 4. The resulting system is shown in Figure 12 and the load flow results are shown in Figure 13.
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Figure 12. SLD of a 16 bus RDS for the reconfigured
system with branch number 4 as tie-switch

Figure 13. Load flow results of 16 bus RDS due to
closing the switch between bus 7 and bus 16 and
opening the sectionalizing switch between bus 6

and bus 7

Now, the new tie switch is branch number 4 that is connected between bus number 6 and bus
number 7. Minimum voltage in this case is 0.9568 p.u and it appears at bus number 12. Total active power
loss in the system under this case is 630.23 kW. The minimum voltage for this configuration seems to be
same as that of previous configuration but it can be seen that there is an increase in loss of 30.67 kW. Hence,
we cannot consider this configuration for the selected tie-switch or proceed further and, the previous
configuration is held to be the best configuration for the tie-switch connecting feeders 1 and 3. So, the
configuration shown in Figure 8 is the final best configuration which minimizes the losses in the given
distribution system. Comparison of node voltages before and after the reconfiguration is shown in Figure 14.
Comparison of various other parameters before and after reconfiguration is shown in Table 1.

1.01
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[ after Reconfiguration
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Figure 14. Comparison of node voltages before and after reconfiguration for a 16 bus RDS

Table 1. Simulation results for 16 bus RDS before and after network reconfiguration

Before network reconfiguration

After network reconfiguration

Tie switches 14,15, 16 7,8, 16
Power loss 649.58 kW 599.56 kW
Power loss reduction - 7.7%
Minimum voltage 0.9531 pu 0.9568
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From Figure 14, it can be seen that the voltages at node numbers 10 and 11 have drastically
improved and at node 12 the voltage is improved to a reasonable extent. Though, there is a decrease in
voltages at some nodes, it is to a reasonable extent. From Table 1, it can be seen that there is a reduction in
power loss of 7.7%.

5. CONCLUSION

This paper has presented a distribution network reconfiguration approach to determine the optimum
case switch that will provide minimal losses so that all system restrictions including node voltages, radial
network should be met. Minimizing distribution system losses with network reconfiguration is a difficult
problem that several researches have studied. Because a problem of non-linear optimization is the
distribution system reconfiguration for loss minimization, it poses an immense code burden for even
moderate sized systems. The proposed approach is applied to test network of 16 nodes with three radial
feeders and a distribution network of 33 nodes.
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