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ABSTRACT

It is expected that future distribution networks be smarter
and include many dispersed generations (DG) of different
sizes. As an innate capability of Smart Grids, dynamic
reconfiguration will be realized by the use of advanced
remote control switches. Distribution  network
reconfiguration (DNR) is one of the simplest and robust
ways to reduce operational losses. However, the problem
of DNR is a nonlinear combinatorial discrete problem
which makes it difficult to be solved using mathematical
optimization methods. UVDA is a robust reconfiguration
algorithm which works flawlessly when network
encompasses very few DGs. however, its performance
weakens when the distribution network contains numerous
DGs. In this paper, a modification is proposed to the
network data which strengthens UVDA's ability in finding
optimal configuration. The proposed method is verified
through simulation results on 33-bus distribution network.

INTRODUCTION

Network reconfiguration is an alternative for loss
minimization in power electric distribution networks. In
general, distribution network reconfiguration (DNR) is the
process of changing the topological structure of
distribution feeders by changing the open/closed status of
the switches to reach some specific objectives and satisfy
operating conditions. These switching actions are
performed in a way that the radial configuration of
network is maintained and all of the loads are
appropriately supplied [1-5]. The majority of the
reconfiguration methods usually fall into two main
categories, heuristic and meta-heuristic ones. The meta-
heuristic methods compared to heuristic ones have high
computational burden for single objective problems [6].
The earliest methods for the network reconfiguration were
based on heuristic methods. Merlyn and Back presented
the first work on network reconfiguration for loss
reduction [2]. They developed a heuristic algorithm that
starts from a meshed network obtained by closing all the
switches. The switches are then opened successively to
restore the radial structure using the least current criterion.
Shirmohammadi and Hong [3] followed the method
presented in [2] and modeled the weakly meshed networks
accurately by using a compensation-based power flow
technique. Civanlar et al. [4] presented a simple heuristic
method to reduce network losses. In [5], Baran et al.
defined the problem of losses reduction and load balancing
as an integer-programming problem.

Among the reconfiguration methods the one which is the
main concern of this paper is UVDA. UVDA is a vigorous
constructive reconfiguration algorithm which is capable to
find the global optimal configuration of large distribution
networks with no or less DG included [6]. In this paper we
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propose a modification to its inefficiency in finding the
global optimal configuration of highly DG embedded
smart grids.

A BRIEF REVIEW OF UVDA

For better understanding of the UVDA reconfiguration
method, it will be explained on the 33-bus, 12.66kV
distribution network given in Fig. 2 [5]. As Fig. 2 shows,
the network consists of 5 tie lines and 32 sectionalizing
switches. The normally open switches are 33 to 37, and
the normally closed ones are 1 to 32. The initial power
loss of this network is 202.681kW, and the lowest bus
voltage is 0.9131 p.u. This original network has been
artificially modified in order to have a complete
distribution network consisting of DG unit and multiple
sources. Therefore, a second source has been connected to
node 14 and a DG with the size of 600kW and 450kVAr
has been added to the node 25. This case has been
depicted in Fig. 2. According to Fig. 2 and the illustration
of Table 1, the primary sub-network of 33-bus system
consists of eight nodes including two root nodes (nodes 1
and 34), two main nodes (nodes 2 and 14), and four
candidate nodes (nodes number 3, 19, 13 and 15). In the
first stage of Table 1, the results of load flow for the
primary sub-network indicate that the node number 15 is
the candidate node having the highest voltage magnitude
amongst the candidate nodes. Therefore, as depicted in the
flowchart of Fig. 1, it must be added to the main nodes
group and then, the candidate nodes group must be
updated. This process is continued until the first twin
nodes appear in candidate nodes. This is the case shown in
stage 12 of Table 1. As it has been shown and mentioned
earlier in this section, twin nodes appear in order to avoid
loop creation. Here, at this stage, we have two twin nodes
(nodes 8 and 22). Clearly, in each twin node, one node is
surplus, and must be removed. The nodes 8 and 22 having
0.9896 and 0.9943 p. u. voltage magnitude have a higher
voltage in comparison to their corresponding twins, hence,
these two nodes are kept intact and their twins are
eliminated by opening their first adjacent upstream
branches (branches number 33 and 21).

Hereafter, the branch exchange operation is performed at
each step of load increment to ensure that the optimality of
sub-network is maintained. The order in which the open
switches appear is very important for the efficient use of
branch exchange method. The same trend continues up to
the stage 14 where the node number 10 is selected to be
added to the main nodes group, but, there is no
downstream node directly connected to node 10 for adding
to the candidate nodes group. Therefore, in the following
stage, there is no new candidate node, and the size of the
sub-network has not increased, thus, the overall power loss
is the same as the previous stage. In this case study, none
of open switches are changed until stage 30 where the
status of switches 33 and 9 are exchanged with those of
switches 34 and 8. As a result of this exchange, the amount
of power losses reduces slightly from 74.1648kW to
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S power loss of | Open switches and their
& Candidate nodes & voltage magnitude Sub-network | seduence of selection
n
[KW] s1|s2|s3|s4]ss]se

! 0,915?97 0,91397 0.;:96 0_9395 0.1262 No opened switch

2 0.91588 0.91597 0.99982 o.gze 0.9295 0.3103 No opened switch

3 0,919688 0.:&283 0.9282 0.;:96 0_9394 0.4726 No opened switch

! 0.91588 0.929())83 0.9282 0.91585 0.9294 0.5660 No opened switch

5 | gaoss 0 0061 00082 0 0085 008 .08 1.1329 No opened switch

6 0,;;75 o;ggl 0.9279 0.3585 0.29?;8 0.;98 1.3237 No opened switch

! 0.;;75 0_5331 0.9379 0.919158 0.5543 0.29:;8 0.:98 2.0853 No opened switch

8 0.919775 0.;;64 0.99979 0.919158 0.92543 0.29398 0.398 25160 No apened switch

° 0.919775 0.929161 0,9%79 0.;;58 0.59243 0;312 0.;96 6.8574 No opened switch

10 o.glgal O.:;Gl 0.29 0.91312 0.;;58 0.5543 0.5312 0.396 9.5526 No opened switch

1 0093 0991 09695 09908 0995 09943 09912 0996 10.3738 No opened switch

2 psose [T 00005 IRAE oooso ROTR oser osmss 14.5481 No opened switch

s 05634 00895 09908 0058 05063 09909 0054 10.8920 82

" noena oones R R 05633 05000 0054 11.3536 8| A

15 09957 09008 0505 05053 0507 0944 11.0040 B a0

10 09657 0 0008 00653 0 9007 00 11.0040 B9

v 00557 09908 0905 bom7 0904 09852 15.2184 B/ A9

18 0o012 09004 09955 05857 09834 05692 16.0531 829

o 0s0t2 09004 00507 0oas 00n02 16.0531 8 21 9

i 0.93528 0.9293 0.:8697 0.5;94 0.93392 20.7147 3218

2 0.938228 0.98893 0.:8784 o.gggz 0.9:381 21.9743 8 21 9

2 0.93517 0.93315 0.:;84 0.5392 0.97881 27.2309 8 2 9

= O.E:;E?ZS 0.928796 25_;5;) 0'9;93 18.5864 3 2 9 7

# 0.93;28 0.928796 0.59919 0.9;87 20.1862 33 21 9 7

» 0.:8228 0.928768 0.937047 0.927859 0.93365 36.9748 B9 |7

% osms e - oorsr 7end 385376 |3 21 9 7

z 0.:8228 zg.éggg) 0_235 36.3097 33 21 9 7 28

% 0,93528 0.3936 36.3097 33 21 9 7 28

* 0.;)7162 0,39(;5 41.5827 33 21 9 7 28

20 In the process of branch exchange Operation, the status ofiswitches 33 and 9 have changed with those of 74.1648 3 21 9 Y

34 and 9, respectively

o 0.:359 0.934(1)73 73.2916 3 21 8 7 28

% 0,937059 41.6514 34 21 8 7 28 30
33 In the process of branch exchange Operaggnégngizgzi(C)tfi\sl\évltches 34 and 8 have changed with those of 415827 3 21 9 7 28 30
end No Candidate Node Remained 41.5827 33 21 9 7 28 30
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73.2916kW. as seen in stage 33, the reverse exchange
operation occurs and the status of switches 33 and 9
changes to their previous status. The Algorithm continues
until the whole network is optimally configured.

PROPOSED METHOD

In the constructive reconfiguration methods, the most
important part is the methodology employed in the load
increment process. UVDA is inspired from the following
theory: “If a purely resistive radial distribution network
with negligible voltage phase angle differences is
configured such that all the ending nodes are supplied
with exactly the same voltage, then the configuration is
optimal” [4]. Therefore UVDA uses “equally distributing

Root
Nodeql

Fig.1: 33-bus network reconfiguration considering 3 VF

of voltage at the ending nodes”. The node with the highest
voltage is picked to be connected to a sub-network, one at
a time at each load increment. By constructing the sub-
network through adding the ending node with the highest
voltage, the newly added ending node would have a lower
voltage magnitude than its upstream node (due to the
voltage drop of line), which leads to a more uniform
voltage distribution among the downstream ending nodes
and getting closer to the theory’s requirements. The
method works well when the incremented node is a load
voltage magnitude than its upstream node leading to more
unequal distribution of voltage at the ending nodes of the
sub-network. This will worsen the UVDA’s performance
and weaken its ability to find global optimal configuration.

Root 1
Node

Fig. 2: 33-bus network with no DG but three bulk nodes

Table 1: characteristics of the bulk loads

First bulk node Second bulk node
DG at 2 DG at 2
node 15 Y g node 21 <0l g
15 60 x 21 90 x
16 60 = 20 90 =
14 60 £ 2 22 90 £ 2
9 120 82 8 420 S8
17 60 g g
13 60 = =
© ©
10 60 § §
12 60 S 3
Table 2: characteristics of the bulk loads
33 bus network with three DGs Modified network original network
UVDA results open switches 7,9, 14, 28,31 7,10, 14, 28, 31
power loss (KW) 75.0914 75.1436
minimum voltage (pu) 0.9566 0.955
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0. 3: Voltage profile comparison for the two resulted configurations

Proposed Modification

In this paper we consider each of the DGs as a Virtual
Feeder (VF) and assign them a set of nodes in a way that
the sum of the loads exceed the DG’s rated power. The
algorithm will be as follow:

1- Replace the nodes with DG with a VF in network data
2- Perform UVDA for the resulted network (with no DG
and many feeders)

3- Determine the order in which the loads are connected to
each VF

4- If ith DG’s Rated power is less than its total load
i.e.TL(i), go to stage 5 otherwise go to stage 7

5- TL(i)= TL(i)*+(next load connected to the ith VF from
previous stage) switch to stage 4

6- Assign the node to the DG’s bulk node group

7- Consider each DG and its assigned nodes with their
internal configuration as a bulk node in the network data
8- Perform UVDA for the resulted network data

SIMULATION RESULTS

For better understanding of the proposed method, it is
implemented on the pre-mentioned 33-bus distribution
network given in Fig. 1. Consider 3 DGs connected to the
nodes number 15, 21 and 29 with the same rated power of
500 kVA. As shown in Fig. 1, these nodes are considered
as VF and UVDA is performed for the given network with
four feeders and no DG. The results including the set of
nodes to be energized via each of the VF and the order of
node connection are depicted in Fig.1.

The resulted bulk loads and their assigned nodes are
shown both in Fig. 2 and table 1. As shown in Fig. 2, the
resulted network has three bulk loads and no DG. The
UVDA’s behaviour for this bulk loads is the same as that
of other single nodes. Therefore the reconfiguration
process by the use of UVDA will be straightforward.
Table 2 shows the simulation results for the above
mentioned network with three 500 kVA DGs. As shown in
the table, with the proposed modification to the network
data, the network configuration has fewer power loss and
better voltage profile in comparison to those achieved by
merely implementation of UVDA on the original network
data.
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CONCLUSION

In this paper the reconfiguration of highly DGs embedded
distribution network is examined. One of the best
reconfiguration methods named UVDA is studied on a
network encompassing many DGs with high generation
capacity. For such a network, it is observed that with the
proposed modification, the DGs and their set of load nods
can be considered as a bulk node. Therefore, UVDA deals
with a network consisting of load nodes and no DGs. The
set of loads are also determined by UVDA algorithm
itself. The proposed method implemented on the well-
studied 33-bus distribution network and the results are
compared with that of unmodified network data. As the
simulation results demonstrated the proposed method
strengthen UVDA’s ability for the highly DG embedded
distribution networks.
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