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Abstract. In order to reduce energy loss and improve voltage stability index in a
distribution system, two different approaches, voltage and reactive power control (volt/var
control) and distribution network reconfiguration, were proposed and employed. In the
present paper, volt/var control and network reconfiguration in a distribution system
considering voltage security constraints were modeled as a multi-objective optimization
problem. Total electrical energy loss, voltage deviation, and voltage stability were
considered as objectives.
reconfiguration was utilized to implement these two problems simultaneously. In this
way, the two problems could be solved in a less amount of time. In addition, loads of
different nature in each bus were considered in network load modeling. Non-dominated
sorting genetic algorithm-II was used to solve this problem. Finally, the effectiveness of the
proposed method was evaluated by its implementation on the IEEE 33-bus system and a
real 77-bus distribution system.

In addition, a new method for the distribution network

(© 2020 Sharif University of Technology. All rights reserved.

1. Introduction

Voltage and reactive power control and network re-
configuration are widely used to reduce power loss
and improve voltage profile in distribution networks.
In some studies, only voltage and reactive power
control have been used for the effective operation of
distribution networks (e.g., [1-15]). Meamarzadeh et al.
proposed the volt/var control problem in a distribution
system in the presence of distributed generators from a
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perspective of improving the voltage security index of
the system [1]. Manbachi et al. presented an innovative
smart grid-based volt-var optimization engine, capable
of minimizing system power loss cost as well as the
operating cost of switched capacitor banks while opti-
mizing the system voltage using an improved Genetic
Algorithm (GA) with two levels of mutation and two
levels of crossover [2]. The proposed objectives include
the total feeder loss, voltage profile, and limitation
of reactive power flow into the main transformers.
Besides, other researchers have studied this problem
in the presence of distributed generation. Jashfar and
Esmaeili presented volt/var/Total Harmonic Distortion
(THD) control in distribution networks in the pres-
ence of the reactive power capability of solar energy
conversion [3]. The main aim of this study is to
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find proper dispatch schedules for the capacitors, On-
Load Tap-Changer (OLTC) tap positions, and inverter
reactive power of photovoltaic systems by considering
the power quality constraints. Resener et al. presented
an optimization model for volt/var control and en-
ergy loss minimization in power distribution networks,
considering the presence of distributed generation [4].
Sayadi et al. presented a two-layer control method
for voltage and reactive power control in a harmonic
polluted distribution network with penetration of pho-
tovoltaic (PV) systems. Optimal scheduling of load tap
changer and shunt capacitors for minimizing energy
loss and improving the power quality simultaneously
is performed using the Perturbation-Particle Swarm
Optimization (P-PSO) method [5]. Niknam et al.
proposed a stochastic multi-objective framework for
daily volt /var control, including hydroturbine, fuel cell,
wind turbine, and photovoltaic powerplants. For this
purpose, the uncertainties related to hourly load, wind
power, and solar irradiance forecasts are modeled in a
scenario-based stochastic framework [6].

In addition to volt/var control, the distribution
network reconfiguration is another significant con-
trol scheme in the distribution systems, which alters
the topological structure of distribution feeders by
changing open/closed status of sectionalizing and ties
switches. After completing reconfiguration, the redial
network that encompasses all buses is acceptable. The
distribution network reconfiguration by considering all
of the mentioned issues is a complicated nonlinear
optimization problem. Distribution network reconfigu-
ration has been studied by researchers [16-23]. Merlin
and Back, for the first time in 1975, applied the idea
of reconfiguration in the distribution network [16]. To
implement the proposed method, first, all network
switches are closed. Then, by applying the heuristic
rules, each switch with less flow is opened. Civanlar
et al. suggested a heuristic algorithm, where a simple
formula was developed to determine changes in power
loss due to a branch exchange [17]. Zhu proposed
a refined GA for loss reduction in the distribution
network [18]. Gupta et al. presented an efficient
method based on GAs to improve the reliability and
power quality of distribution systems using network
reconfiguration [19]. Abazari and Heidari Soudejani
presented an effective method to solve the reconfigura-
tion problem of distribution systems so as to minimize
the real power losses using the proposed new technique
and the ant colony optimization [20]. Two new objec-
tive functions to address power quality and reliability
issues in the reconfiguration problem are formulated
in this study. Distribution network reconfiguration is
also used along with other operation methods [21,22].
For example, Farahani et al. applied reconfiguration
and capacitor placement simultaneously for energy loss
reduction based on a simple branch exchange method

of the single loop [21]. Zhao et al. proposed reactive
power control of wind farm and network reconfigura-
tion to obtain the optimal reactive power output of
wind farm and network structure simultaneously by a
joint optimization algorithm [22].

In the present study, to follow the previous
work in [1], voltage and reactive power control and
distribution network reconfiguration are studied si-
multaneously to obtain optimal dispatch schedules for
OLTC settings and all shunt capacitors on the network
and to determine the network structure, which is a
novel viewpoint for the performance of distribution
networks. For achieving this purpose, a new method
is presented for distribution network reconfiguration in
order to reduce the convergence time. In addition, the
proposed volt/var control and network reconfiguration
in distribution systems considering voltage security
constraints can be modeled as a multi-objective op-
timization problem. The objective functions used
in this problem include total electrical energy losses,
voltage deviations, and Voltage Stability Index (VSI)
that have been similarly used in [1]. However, in this
paper, the non-dominated Sorting Genetic Algorithm-
II (NSGA-II) is used instead of the old GA-based
weighing method to find the global optimum solution
more effectively. To illustrate the effectiveness of the
proposed method, it is performed on IEEE 33-bus and
real 77-bus distribution systems with loads of different
nature in each bus. In addition, its performance is
compared with that of the Multi-Objective Particle
Swarm Optimization (MOPSO) algorithm. Simulation
results show that the NSGA-II algorithm gives better
performance than the other algorithm. The paper is
outlined as follows: Section 2 presents the problem
formulation. The method that is applied to the dis-
tribution network reconfiguration and volt/var control
is introduced in Sections 3 and 4. Volt/var control
and network reconfiguration in distribution systems
utilized to save energy and improvement voltage sta-
bility are proposed in Section 5. Simulation results
of the application of the suggested control scheme
and the discussion about them are demonstrated in
Section 6. Finally, major contributions and conclusions
are summarized in Section 7.

2. Problem formulation

In this section, the objective function is presented;
then, the governing constraints of this problem are
introduced. This problem has been modeled as a
multi-objective optimization problem. The objectives
include (A) the minimization of the system’s real
power losses and the deviation of the bus voltage
and (B) the maximization of VSI. The three objective
functions are in contrast with each other, such that
the improvement of voltage deviations reduces the VSI
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and increases power losses. On the other hand, the
improvement of losses leads to an increase in the VSI,
leading to an increase in voltage deviations. Thus, all
of the three objective functions should be optimized
simultaneously.

2.1. Objective functions

2.1.1. Minimization of the total electrical power losses
The first objective function is the minimization of
electrical energy losses that are expressed as follows [1]:

T
fl = Z-Ploss,tv (1)
t=1

where Fj,q,,¢ is the total system losses at time ¢, and T'
is the total number of hours in a day.

2.1.2. Minimization of the voltage deviations
The voltage deviation of the distribution network for
buses is expressed as follows [1]:

T
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where U} is the voltage deviation from the reference
value, UY is the nominal voltage of bus i, and U} is
the voltage magnitude of bus ¢.

2.1.8. Mazimization of the voltage stability

The third objective function represents an indicator for
assessing the voltage stability of the network, which is
expressed by the following equations [1]. To achieve
a good stability level of the network, this objective
function must be maximized:

T

fs =L, (4)
t=1

Lt = min(51175127~~~7SINbus)7 (5)

SI; = {|Ui|4} — 45 {P; x X(jj) - Q; x R(jj)}*

—4x {P; x R(jj) + Q; x X(jj)} x |Ui*, (6)

where P;, (Q; are the active and reactive receiving end
power, U; is the sending end voltage, R(j7) +7X (75) is
the impedance of the line which is connected from bus
1 to bus 7, and Nbus is the maximum number of buses
in the distribution system.

For stable operation of the system, ST must be
greater than zero. Thus, each bus with the lowest
index of stability (SI) is closer to voltage collapse.
By increasing the value of function f3, the distribution
network becomes more stable [24].

2.2. Constraints

Proper operating conditions of the network are
achieved when the governing constraints of the network
are satisfied initially; then, the objective functions
will be optimized. Constraints of the volt/var control
and distribution network reconfiguration problems are
different. Therefore, in the first section, the constraints
of the volt/var control problem are proposed; then,
the constraints for distribution network reconfiguration
will be investigated.

2.2.1. Constraints of volt/var control problem
The constraints of volt/var control problem are:

1. Magnitude of bus voltage:
Umin < Ut,i < Uma}m (7)

where Uyin and Unax are the minimum and maxi-
mum voltages in each bus, respectively;

2. Line flow limit:
Srxi < 87X rats (8)

where Stx; is the apparent power flow on the
substation transformer at time i, and S7x rq¢ is the
substation transformer rating.

3. The daily number of OLTC operations limit:

T
Z |TAP, — TAP, 1| < TAPpax. (9)

t=1

In Eq. (9), TAP; is the tap position of OLTC at
time ¢, and TAPn.x is the maximum switching
operation for the OLTC;

4. Daily number of switching operations for shunt
capacitors limit:

T
> (Cri @ Crymr) = CMy, (10)

t=1

where Cp is the status of capacitor & (on or
off) at time ¢, CMj is the maximum switching
operation for capacitor k, and @ is the exclusive
OR operation.

2.2.2. Constraints of the distribution network
reconfiguration problem

The constraints of the distribution network reconfigu-

ration problem are:

1. Magnitude of bus voltage:
Umin < Un < Umaxa (11>

where U,,;, and U,,.x are the minimum and maxi-
mum voltages in each bus, respectively;
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2. Line current for each line of the system:

L, < I, (12)
Here, I,, is the line capacity of the nth line, and
I is the maximum capacity of the nth line of
the distribution network;

3. After completing necessary reconfiguration, the
network must be radial;

Lines current, voltage of buses, and all networking
equipment must be in the permitted range;

5. The configured network must encompass all buses.

3. Distribution network reconfiguration

Distribution networks, which have the ability to per-
form reconfiguration, must have tie lines. If tie lines
are closed, the network structure becomes ring-like.
Therefore, to preserve the radial structure of the net-
work, a number of tie lines must be opened. Therefore,
the solution structure for the distribution network
reconfiguration problem includes network switches that
must be opened. The main point in this problem is the
selection of switches that must be opened. In order to
solve the distribution network reconfiguration problem
properly, first, the governing constraints of the network
must be satisfied; then, the objective functions should
be optimized that have been used in the present study.

In the mentioned method, the following steps are
considered:

1. The minimum number of distribution network rings
is equal to the number of tie lines. For example, in
a network with five tie lines, there must be at least
five rings. Thus, in the first step of this method,
the rings created by tie lines should be identified;

2. Some of the switches are shared between two or
more rings. These switches must be identified
and considered in one of the rings. By using
this method, some of the rings in the network
are converted to branches without a way back.
Therefore, two constraints of the problem, including
the radial structure of the distribution network and
considering all buses of the network, are satisfied;

Start time of feeder
capacitors switching

OLTC psition to ‘on’ state

‘on’ time duration
of feeder capacitors
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3. To allow the voltage of buses and lines current
in the permitted range, the network configurations
that have not met these constraints are removed by
introducing penalty factors in power flow.

4. Volt/var control in distribution system

Volt/var control in the distribution network is a multi-
objective optimization problem. To solve this problem,
evolutionary algorithms can be used. In this paper,
NSGA-II is used to solve the optimization problem.
This algorithm is capable to find a global optimum so-
lution, effectively. The structure of a feasible solution,
which is considered in the present study, is shown in
Figure 1. As is shown, the solution is composed of two
parts. The first part is related to the capacitor ‘on/off’
switching modes, and the second part is related to the
OLTC tap position.

4.1. Time interval method considering the
time-varying nature of loads

In the distribution networks, a variety of loads, in-
cluding residential, office, and commercial, utilize the
network to supply their own needs. Of note, each
of the loads in distribution systems with respect to
network usage has its particular nature. Hence, in
this study, loads of different nature are considered in
the network. The contribution of each of the buses in
the network from any nature of loads is specified. In
order to determine the optimal load intervals, Eq. (13),
as shown in Box I, has been used, where M is the
number of load intervals in a day, K4 is the number
of hours at the ith load interval, and Pgres ij, @ Res,ij,
Peom,ij; Qcom,ijs Posyij, and Qoyy,ij are the active
and reactive power of residential, commercial, and
office load at the jth load point of the ith load interval,
respectively. In addition, PARges;, Q@ARes,is PAcom,i,
QAcom,i» PAofy,i, and QAo are the average active
and reactive power of the residential load at the ith
load interval, respectively. A GA is then employed to
determine the beginning and the end of each interval.

4.2. Dispatch of shunt capacitors

At each hour, the improvement of power quality greatly
depends on the location and size of the switched
capacitors [10]. Furthermore, the continuous switching

‘on’/ ‘off”” state time
duration for
secondary bus
capacitors

‘on’/ ‘off” state of
secondary bus
capacitors

~

Tapl Tap4 Tonet Tones OT(;]

OTes | Tley T6c1| Sle S5ci

Figure 1. Solution structure of the voltage and reactive power control problem.
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M K; 9 9
Z 2 [(PRes,ij - PARes,i) + (QRes,ij - QARes,i) ]
1=17=1
M K; 9 9
F= Enax — min + [(PComﬂ'j - PACom,i) + (QCom,ij - QACom,i) ] (13)

K; .
+ 2 2 [(Pom,ij — PAogi)” + (Qom.ij — QAom.)’]

Box I

‘on’/ ‘of " state time ‘on’/ ‘off” state of Selected switch for opening in

Start time of feeder ‘on’ time duration of gyration for secondary

secondary bus the network

OLTC psition  capacitors switching 0 feeder capacitors bus capacitors capacitors
‘on’ state |
/ N/ \/ N/ N/ N/ N\
Tapl veven. | Tapd [OINC ...... [UjNC OTg vereee | OTes | Tl Téci| Sl ceeen | S5 | CS1| €S, | CS5 ) CS4 | CSs

Figure 2. Solution structure of the voltage and reactive power control in the distribution network considering optimal

network configuration problem.

of capacitor banks will reduce their lifetime. In
this paper, a method is utilized to guarantee the
suppression of maximum allowable daily capacitors
along a feeder and a substation’s capacitor switching,
effectively correcting the convergence process.

4.2.1. Capacitors along feeder

These capacitors are normally allowed to be switched
‘on’ and ‘off” once a day. Therefore, each capacitor
occupies two segments in the genome. The first
segment represents the time at which the capacitor
is switched on, while the second one represents the
time duration in which the capacitor remains on. For
example, assume that the initial state of the capacitor
is off and the first and second variables in the genome
are 4 and 9, respectively. Thus, it is implied that the
capacitor will be switched on at 4:00 and switched off
at 13:00.

4.2.2. Substation’s capacitor

Considering the limitation of capacitors daily oper-
ation, these capacitors should be programmed in a
way that the constraints in switching capacitors be-
come implicit [3,25]. This programming procedure
has appropriate convergence. However, it requires
large computational volume. If the maximum number
of switching operations for substation’s capacitor is
considered 6, by using this method, 24 hours per day
should be divided into six parts. Then, the minimum
and maximum amounts of time intervals are considered
to be 0 and 4, respectively.

5. Volt/var control and network
reconfiguration in the distribution system

In this paper, volt/var control and network recon-
figuration in the distribution system are employed
to reduce energy loss and improve VSI. The state
variable vector is X = [VVC,REC]. VVC is
variable, which represents the voltage and reactive
power control. REC' is variable, which represents the
status of switches in the distribution network. Figure 2
represents a solution structure of the volt/var control
and network reconfiguration in the distribution system,
which is solved by NSGA-II. The stopping criterion of
the algorithm is the maximum number of iterations. A
schematic diagram of the computational procedure is
shown in Figure 3.

6. Simulation results and discussion

In this paper, to demonstrate the performance of the
proposed optimization algorithm, the five following
cases are studied:

e C(agsel: Original network without any action;

e Case 2: Only performing distribution network re-
configuration;

e Case 3: Only performing voltage and reactive power
control in the distribution network;

o Case 4: First performing the distribution network
reconfiguration and, then, performing voltage and
reactive power control;
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| I
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v

Determine the branches that do not have in common with the
other branches

| Get the optimal load interval I

Choose feasible
branches

»

A 4
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feasible branch data

v

| Choose selected switch Through feasible branch | v
Information extraction OLTC and
Implementation of distribution network reconfiguration by capacitors from initial population in
selected switchs order to voltage and reactive power
control

Extract information of network for voltage and reactive
power control

€

*‘

I=1

¢!

Scheduled the hourly ‘on/off®
capacitor
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calculate all of objective functions

Is all of
constraints is
satisfied?

Yes

Put great value for |, No
fitness function?

Calculate the fitness value and evaluation
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eneration?

Implementation of Voltage and reactive power control in
distribution network considering optimal network configuration

Figure 3. Flowchart of the proposed voltage and reactive power control in the distribution network considering optimal
network configuration.
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Table 1. Capacitor data for the IEEE 33-bus distribution system.
Capacitor number Ch (f} Cs Cy Cs Cs
Capacity (kVAr) 350 200 100 200 200 350
Location 1 8 14 24 25 30
e Case 5: Performing volt/var control and network Residential load
reconfiguration in the distribution system. 1.2 —
~ 1.0 |—P—
=]
6.1. IEEFE 33-bus distribution system & 08
Figure 4 shows the test system with capacitors installed T 06
on buses 1, 8, 14, 24, 25, and 30. The detailed data of i 0.4
the capacitors are described in Table 1. The OLTC has = 0.9 w./_\»—f\
17 tap positions ([—8...0...8]) and is able to change the . i
voltage level from 0.95 to 1.05 per unit. The voltage 1 4 7 10 13 16 19 22
on the primary bus of a substation is 1.0 per unit. Time ()
Loads of different nature considered in the net-
work are shown in Figure 5. Figure 6 shows the Office building load
contribution of each of the buses in the network from 1.2
any nature of the load. For these load profiles, the 5 10 —pP—0
number of intervals (M) is considered 4. Information & o8
about the parameters of the algorithm is given in Ef 0.6
Table 2. ; 0.4 /\ﬁ/\_/
For comparison purposes, the NSGA-II and E 0.3
MOPSO algorithms have been applied to the IEEE 33- 0.0
bus distribution system with the same conditions and ) & 7 0 13 16 18 e
system data. The results of the simulation for these Time (h)
cases are provided in Table 3.
Commercial load
Table 2. Optimization parameters used in the dispatch -~ L2
problem. i 1.0 [—P—Q
Parameter Value g 82
o s
Maximum generation 200 Z 04 M
<
Population size 100 = 83
Probability of crossover 0.7 ! 4 T 10 1 16 19 22
Probability of mutation 0.3 Time ()
. Figure 5. Different nature of loads considered in the
Mutation rate 0.0025

19 20 21 22

network.

26 27 28 29 30 31 32 33

am Bus
— Normally close switches
--- Tie-lines

Figure 4. One-line diagram of the IEEE 33-bus distribution system.
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Table 3. Results of the proposed cases in the IEEE 33-bus test system.

Case Optimization Power losses Voltage deviation Voltage stability Open
algorithm (kW) (p.u.) index (p.u.) switches
1 NSGA-II 1.0023 0.7161 19.0491 33, 34, 35, 36, 37"
MOPSO 1.0023 0.7161 19.0491 33, 34, 35, 36, 37"
9 NSGA-II 0.6972 0.4850 20.5166 7,9, 14, 32, 33
MOPSO 1.2040 0.6114 19.3791 9, 14, 28, 32, 34
3 NSGA-II 0.8691 0.4083 23.6000 33, 34, 35, 36, 37"
MOPSO 0.8801 0.4630 23.5543 33, 34, 35, 36, 37"
4 NSGA-II 0.6586 0.3995 24.3231 7,9, 14, 32, 33
MOPSO 0.7443 0.5466 23.8911 9, 14, 28, 32, 34
5 NSGA-II 0.6428 0.3943 24.3364 7,9, 14, 28, 33
MOPSO 0.6777 0.4881 23.9906 10, 26, 32, 34, 36
*The initial state of the network switches.
o [® Residential _m Office building ® Commercial] o Case 1-4&- Case 2 -0 Case 3% Case 4 x Case 5
s b
S o 1.03 ‘X y
T o8 1.02 R
= 1.01 KA T«
S 07 o KX B R 5%
N . 1.00 ¥ XH XXX L= X % K
§ oo 3 SR = i b/ LENEE
5 05 A 0.99 & KXk AAA
3 04 e 0.98 D,Dﬂ-n'ﬂ-ﬂ’u-ﬂ\ /D’u\u
g < o 0
o0 § T e o ? Bogg” Py Mldn/du
3 02 0.96 % o e 3
3 &
& 01 0.95 o0 df = P
0.0 b
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 0.94 o
Bus no. 0.93
Figure 6. Contribution of each of the buses in the 0 5 10 1o 20 2
network from any nature of load. Time (h)
In this network, before implementing any network 118 K
optimization process, including voltage and reactive 108
power control and distribution network reconfigura-
tion, buses 18 and 33 have the lowest voltage and X xx

VSI. Therefore, the voltage and VSI for all cases are
shown in Figures 7 and 8. A summary of voltage, VSI,
and energy saving in the system with different cases is
visible in Table 4.

6.2. Real 77-bus distribution network

The proposed algorithm is tested on two feeders of a
real 77-bus distribution network of the city of Sirjan
in Iran (see Figure 9), and satisfactory results are
obtained. Capacitors of this network are installed on
buses 10, 21, 33, 43, 56, 67, and 74. The detailed data

AE A MDA

Voltage stability index (p.u.)

0.88 . ady,
_0-0-0-0-00- B, & a4 &b
o \ Toax" Lo B, A~
\ 4 L} o
0.78 . B =
o/
0.68 °
0 5 10 15 20 25
Time (h)

Figure 7. Voltage and voltage stability index
improvement of bus 18.
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Table 4. Summary results of approaches.

Power Average Maximum Minimum Average . L.
Case . c It It ¢ VSI Maximum  Minimum
savin system voltage voltage system
& Y & & Y VSI (p.u.) VSI (p.u.)
(%) voltage (p.u.) (p-u.) (p.u.) (p-u.)
2 30.44 0.9860 1 0.9595 0.9211 1 0.9595
3 13.29 1.0098 1.0327 0.9849 1.0630 1.0327 0.9849
4 34.3 1.0104 1.0329 0.9881 1.0693 1.2110 0.9358
5 35.87 1.0109 1.0329 0.9886 1.0698 1.2560 0.9509

Table 5. Capacitor data for real 77-bus distribution system.

1489

Capacitor number

Cl Cz C3 C4 Cs CG C7
Capacity (kVAr) 545 625 625 420 545 515 265
Location 10 21 33 43 56 67 74

—0— Case 1-&— Case 2 - Case 3% Case 4 Case 5 ‘
1.03 %
1.02 AKX x
' e
1.01 NN 7 st
1. *X .
- 00 Axxxxxxxr.KAA a4
Z 0.99 X &
g 098 gBYBERBY 5%,
8 \ o o o0 o®
% 0.97 N ﬂ-gﬂ & ! o M
> 0.96 ‘ / % O
P /
0.95 oy = W
o
0.94
0 5 10 15 20 25
Time (h)
- 1.18
=
g, oaX
% 108 X\,
3 o-q /% h - 38
= f X4 o8
Z 0.08 FERRRR « xy'éﬂ,; o-a o
i—i A A O DA ADA Ju D
< 0000000 A )
E 0.88 o % o P
o Q& ax" P a4
® 078 \ o atf
g ‘ g
= oy ¢
° -
Z 068
5 10 15 20 25
Time (h)

Figure 8. Voltage and voltage stability index
improvement of bus 33.

of the capacitors are described in Table 5. This system
has 114 sectionalizing branches and 10 tie branches
called Linel, Line2,..., Linel0. The line data and power
of loads at the time of peak load of this network are

presented in [21]. The OLTC has 17 tap positions
([—8...0...8]) and is able to change the voltage level from
0.95 to 1.05 per unit. Figure 10 shows the contribution
of each of the buses in the network from any nature
of loads. Information about the parameters of the
algorithm for this system is the same as that of the
previous test case. The results of the cases obtained
using the two procedures are presented in Table 6;
the results confirm the effectiveness of the proposed
method. A summary of voltage, VSI, and energy saving
in the system with different cases (Cases 2-5) is shown
in Table 7. These results represent the advantage of
each of Cases 2 to 5 in each of the indicators.

6.3. Discussion of results

Based on the results of the previous sections, al-
though the energy losses in Case 2 have improved
appropriately, the VSI and voltage deviations have not
significantly improved. Similarly, in Case 3, there is
an improvement in indicators related to bus voltages;
however, no significant improvement in energy losses
is observed. The results listed in Tables 3, 4, 6, and 7
confirm this fact. By implementing Cases 4 and 5, both
energy losses and voltage indicators have improved.
Figures 7 and 8 show that the voltage profiles of buses
18 and 33 of IEEE 33 bus test system have improved
to their allowable value in Cases 4 and 5. Furthermore,
Figures 7 and 8 show that the VSI of buses 18 and 33
has improved in these cases. In Case 2, by changing the
configuration of the network, energy losses are reduced;
however, due to the lack of OLTC and capacitors
operations, there is no possibility to control reactive
power and improve voltage profiles. In Case 3, by
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Figure 9. Real 77-bus distribution system.

using the OLTC of the transformer and capacitors,
all voltage specifications have improved. However, the
network configuration is not optimum, and energy loss
is not appropriate. The number of the total OLTC
and capacitors’ switching operations per day satisfies
the constraints. The results show that the capacitor’s
switching and daily load curves are dependent. In other
words, considering the daily load curve, the capacitors
prevent unnecessary switching.

7. Conclusion

The secure and economic operation of power systems

is of immense importance. Voltage and reactive power
control and distribution network reconfiguration were
used to improve these conditions in the distribution
network. Thus, in this paper, volt/var control and
network reconfiguration in the distribution system and
voltage security constraints were proposed to improve
network security and economic limitations. This prob-
lem was modeled as a multi-objective optimization
problem. The objectives studied in this paper included
total electrical energy losses, voltage’s deviations, and
voltage stability. NSGA-IT was used to solve the
optimization problem. The results by using the pro-
posed method were compared to those reported in
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Table 6. Results of the proposed cases in the real 77-bus distribution system.

L. Power Voltage Voltage
Optimization L. . Open
Case K losses deviation stability .
algorithm . switches
(kW) (p-u.) index (p.u.)
L NSGA-II 0.1095 0.3546 23.4845 Linel, Line2,..., LinelO
MOPSO 0.1095 0.3546 23.4845 Linel, Line2,..., Linel0
) - K 10 Fo.
NSGA-II 0.0858 0.3162 23.5710 13-14, 17-133, J36-27, J8-19, 59-J16,
2 J17-62, 63-64, 70-J39, 31-46, 15-36
— — - - 5 —
MOPSO 0.0864 0.3169 23.5725 13-14, 20-21, J36-27, J8-19, 59-J16,
J17-62, 63-64, 70-J39, 31-46, 15-36
3 NSGA-IT 0.1014 0.3435 24.0919 Linel, Line2,..., Linel0
MOPSO 0.1018 1.7634 23.7191 Linel, Line2,..., LinelO
NSGA-TT 0.0802 0.3476 24.1851 13-14, 17-J33, 136-27, J8-19, 59-J16,
4 J17-62, 63-64, 70-J39, 31-46, 15-36
MOPSO 0.0984 1.6519 23.7903 13-14, 20-21, J36-27, J8-J9, 59-J16,
J17-62, 63-64, 70-J39, 31-46, 15-36
NSGA-II 0.0791 0.6086 24.3152 J31-11, J33-23, 136-27, J8-9, 59-J16,
5 J17-62, J18-67, J39-J40, 41-64, 25-45
MOPSO 0.0961 2.4477 23.9979 12-13, 24-153, J7-J8, J16-60, J17-62,

15-76, 31-46, 38-52, 2-28, 15-36

Table 7. Summary results of approaches.

. Average Maximum Minimum Average Maximum Minimum
Power saving
Case system voltage voltage system VSI VSI VSI
(%)

voltage (p.u.) (p.u.) (p.u.) (p.u.) (p.u.) (p.u.)

2 21.64 0.9973 1 0.9952 0.9837 0.9717 0.9940
3 7.4 1.0015 1.0079 0.9973 1.0096 1.0484 0.9841
4 26.76 1.0019 1.0081 0.9978 1.0115 1.0494 0.9867
5 27.76 1.0038 1.0200 0.9977 1.0241 1.1263 0.9865

the literature. The results confirmed the potential
of the proposed approach and showed its effectiveness
and superiority over the MOPSO algorithm. The
results obtained by the simulations showed that net-
work reconfiguration and volt/var control could reduce
energy losses and improve voltage stability. However,
the best solution for these two objective functions

did not occur separately. Hence, these two problems
should be considered simultaneously. Following the
implementation of volt/var control and network re-
configuration in the distribution system, all objective
functions improved. Considering the daily nature of
the load curve, the capacitors prevented unnecessary
switching.
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Figure 10. Contributions of buses 1 to 77 of real 77-bus
distribution system from any nature of loads.
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