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Abstract: The main aim of the distribution system is delivery
the power to the consumers. Because of, aging of electrical
infrastructure, old control mechanism, increased power demand
causing exploitation of the present electrical networks leads to low
voltage profile, more active and reactive power loss with various
power quality related issues causing poor network operation. In
this method maximization of voltage profile with energy loss
minimization is carried using network reconfiguration along with
optimal siting of the distributed generation (DG). The proposed
methodology is carried out on five bus system. The obtained
results are impressive interms of voltage stability and power loss
reduction.

Index Terms: Network reconfiguration; percentage power loss;
Distributed generation; Voltage profile; Conventional method;
voltage stability; reliable; distributed network and power saving.

I. INTRODUCTION

The distribution system is an interconnected network
aims to supply the electrical power from source to various
loads present in the network [1]. The characteristics of the
distribution systems are non uniform loads, low voltage
profiles, various ranges of X/R ratios. Most of the
distribution networks are either meshed or radial in nature
[21, [3].

Due to modernization and increase in population
every year 5-10% of load is increasing and with existing
electrical infrastructure, supplier is forced to compromise
with quality of the power supply [4]. This will accelerates
malfunctioning of relays with high power loss in the
distribution network [5]. In order to address these issues
upgradation of infrastructure is necessary, which should act
very quickly and accurately in the system to restore the
system services in short span of time [6]-[7].

In this work, network reconfiguration and DG
placement are used to address the low voltage profile and
high power loss [8]. The line reconfiguration is shifting of
loads from one feeding point to another with switches
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depending on load. The main objectives of the line
reconfiguration are.
» Reduce the
consumers.

» Minimize the power loss

> Improve the voltage profile

» Reduce the cost

» Minimize the switches

The distributed power generation is also called as on site

power generation or dispersed power generation [9] [10].
The optimal sizing and siting of DG boosts the voltage
profile with improvement in the power loss reduction [11].
The combination of line reconfiguration in presence of DG
will strengthens the network with enhancement of voltage
stability [12]. In this paper, five bus systems is taken as a test
data. The system is tested with various scenarios like only
reconfigurations, only DG and combinations of DG with
reconfiguration [14]. In all the scenarios obtained results
gives a potentiality to address low voltage profile with
minimization of power loss [16].

interrupted power supply to the

ILMETHODOLOGY

The main two objectives are taken in to account for
line reconfiguration and DG placement are,
(i) Enhancement of voltage profile and
(ii) Reduction of total power loss in the electrical
network
The total power loss can be computed with
following equation [1]:
PLoss= EF=1_ Gilﬁrj‘ + "'Fk:
Where,
n=Total number of lines in the given network
V;. W= Voltage magnitudes at bus j and k
Gi= The conductance of the i branch which connects
between buses j and k.
8;.8,=]" and k™ bus voltge angles
The magnitudes of the bus voltages and angles of the
distribution network are to be constrained with range of
minimum and maximum values, mandatorily maintained by
the network operator. The boundaries of voltage and angles
are given by,

— 2V;Vycos(8; — &) (1)
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All five buses are connected with the total load of
405MW and six transmission lines are used to interconnect
all the buses to supply the power to the loads. For the analysis
all bus voltages are taken as 138kV and analysis is carried
out using MiPower 9.0 and MATLAB-08.The flow chart of
line reconfiguration and DG placement is as shown in Fig.2

Where, .
vMex, yMiR = Max and Min range for bus voltages

ginax S]-”“j” = Max and Min ranges of bus voltage

angles.

The five bus [3] system is taken as test system for the
analysis, is shown in Fig.1. The five bus system consists of
two generators. In that, the generator connected to bus one
act as slack bus with 1.04 p.u. of voltage magnitude and other
generator is which is connected to bus three act as PV bus
with specified voltage magnitude 1.02 p.u. with 180MW of
power generation.

il
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Case-i. Network Reconfiguration

For the given five bus system the line
reconfiguration is carried out considering the voltage
magnitude and percentage loading of the transmission lines
is as shown in Fig.3. The line between bus two and bus four
giving enhanced voltage profile with 33.16% power loss
reduction is as shown in Table. I.

==y
==
= 2

Elm [2]
0.9514
(-6.2922)

Birch [1]
1.0400
(0.0000)

a7
a4a |

(22.35)
o
N
o
]
b
N
2
4480
(:35.50)

9238

Pine [5]
0.9777
(-6.2065)

Maple [3]
1.0200

(-3.6608)

" -85.00
(-40.00)
a7

Oak [4]
0.9587
(-11.0763)

-70.00
(-30.00)

Fig.3 Line Reconfiguration (Line2-4)

TABLE.I
LINE RECONFIGURATION
Line Reconfiguration
Bus.No Base Li Li Li Li
: case ine ine ine ine
2-5 2-4 1-4 1-3
1 1.04 1.04 1.04 1.04 1.04
2 0.961 | 0.962 | 0.972 | 0.955 | 0.965
3 1.02 1.02 1.02 1.02 1.02
4 0.92 0.92 0.987 | 0.942 0.92
5 0.968 | 0.969 | 0.977 | 0.975 | 0.968
Power
Loss | 9.674 | 9.323 | 6.466 | 9.023 | 9.569
(MW)

Case-ii. Distributed Generation placement.

The generation of power upto 15-25% of total load near to
the load centre plays vital role in cut down of active power
loss. The given system tested with connecting 70MW at
various nodes of the network considering the power loss and
voltage profile is as shown Fig.4. The integration of DG at
bus-4 gives 51.04% of total power loss reduction is shown in
Table.ll.

v

Fig.4 Distributed generation placement
TABLE.II
DISTRIBUTED GENERATIOR PLACEMENT
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Base DG Placement

Bus No.

case Bus-2 | Bus-4 Bus-5

1 1.040 1.040 1.040 1.040

2 0.961 1.000 0.981 0.962

3 1.020 1.020 1.020 1.020

4 0.920 0.920 1.000 0.941

5 0.968 0.969 0.980 1.000
Power

Loss 9.6741 | 6.2802 4,736 6.193
(Mw)

Case-iii. Line Reconfiguration with DG placement

The combination of line reconfiguration with DG
placement is tested on given network considering the voltage
magnitudes, percentage loading of transmission lines and
total power loss. For DG placement and interconnection of
new transmission lines each bus and new lines are considered
as candidates and load flow is carried out with all the
possible combination is shown in Fig.5. Table.3 shows the
DG is fixed at bus-2 followed by reconfiguration. The
combination of DG at bus-2 with new line between bus 1 and
4 boosts the voltage profile with 57.53% of power loss
reduction. Table.4 represents the fixed DG at bus-4 with new
line between bus 2 and 4 gives 56% cut down of power loss
with better voltage profile. Fig.6 represents the comparison
of voltage profile considering the line reconfiguration, DG
placement and DG with line configuration. The combination
of DG with line will boosts the voltage profile throughout the
network, this will leads to suppression of power loss is
shown in Fig.7.
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Fig.5. DG placement with network reconfiguration.

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)

Exploring Innovation


http://www.ijitee.org/
mailto:DG@2
mailto:DG@4
mailto:DG@5

Energy Loss Minimization by Optimal Siting and Sizing of DG with Network Reconfiguration in Distribution

Networks
TABLE.II
DG (BUS-2) WITH LINE CONFIGUARATION 104
1.0
Bus DG placed at bus-2 | \A
No. Line . Line . 3
1-3 Line 1-4 2.4 Line 2-5 g- \\\/// \ K
1 1.040 1.040 1.040 1.040 %98 V ~3
g =4=Base case v \ /
2 1.000 1.000 1.000 1.000 0.96 =lre3d \ /
3 1.020 1.020 1.020 1.020 084 ~#=DGathus 4
4 0920 | 0987 | 0966 | 0927 . ——D6uithL14 \/
5 0.969 0.997 0.982 0.980 1 2 Busho., 4 5
Power Fig.6 Voltage profile of five bus system
Loss 6.337 4.109 4.642 5.736
(MW)
TABLE.III 9.6741
DG (BUS-4) WITH LINE CONFIGUARATION
10
Bus DG placed at bus-4 :
No. Line - - Line 64661
13 Line 1-4 | Line 2-4 2.5 E ?
1 1.040 1.040 1.040 1.040 £ 4.7357 4.1091
1]
2 0.962 | 0.962 0.975 | 0.971 LEE
=4
3 1.020 1.020 1.020 1.020 % 3
o
4 1.000 1.004 1.000 1.000 .
1
5 0.991 0.992 0.991 0.986 0
Power Base case Line2-4  DGathus4 DGwithl-14
Loss 4.791 4.848 4.264 4.541 DG and Line configration cases
(MW)
Cin 7 Drwior lnce rnmnaricenn
TABLE.IV
PERCENTAGE POWER LOSS REDUCTION AT VARIOUS TEST CASES
Losses Losses Power Percentage
Description Bus/Line Before After Saving Loss
(MW) (MW) (MW) Reduction
. Line .
Case-i - . Line2-4 9.674 6.466 3.208 33.16
Reconfiguration
. Bus-4 9.674 4.736 4.938 51.04
Case-ii DG placement
Bus-5 9.674 6.193 3.481 35.98
DG at 2
- 9.674 4.109 5.565 57.53
Line 1-4
i DG at4
Case-iii DG with _ 9.674 4.265 5.410 55.92
Reconfiguration Line 2-4
DG at5
- 9.674 4.865 4.809 49.71
Line 1-4
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Table.IV shows the comparison of power loss at various test
cases. The line reconfiguration alone will make 33.16% of
active power reduction. The line reconfiguration is very
effective and immediate solution for improvement of power
system operation with minimum investment. The placement
of correct size of DG depending on given network
specifications size of the DG will be decided. Which will
plays main role in cut potential cut down of power loss with
improvement of the voltage profile and also supports the
increase in the power demand. The siting of single DG at bus
2 causes 51% power loss minimization. The multiple use of
DG helps in further loss minimization in the network. The
combination of DG with network reconfiguration leads to
57.5% power loss minimization. This will boosts the
enhancement of voltage stability and makes the reliable,
stable operation of the power systems.

111.CONCLUSION

The line reconfiguration and DG placement is chosen for
improvement of voltage profile with cut down of active
power loss and is tested on five bus system. Depending on
the network line reconfiguration or DG placement or
combination of DG with line reconfiguration can be used
healthy operation. The obtained results are highly impressive
and immediate solution for enhancement of voltage stability
of the network. It can be used for any existing electrical
infrastructure for reliable, efficient and stable operation of
the power system.
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