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Abstract Optimal reconfiguration and capacitor place-
ment are used to reduce power losses and keep the voltage
within its allowable interval in power distribution systems
considering voltage, current, and radial condition con-
straints. It is needed to solve two nonlinear discrete opti-
mization problems simultaneously, so an intelligent
algorithm is used to reach an optimum solution for network
power losses. An effective method and a new optimization
algorithm using “improved binary PSO” is presented and
discussed to minimize power losses in distribution network
by simultaneous networking of reconfiguration ‘and
capacitor placement. The proposed model uses binary
strings which represent the state of the network switches
and capacitors. The algorithm is applied and tested on 16-
and 33-bus IEEE test systems to find the optimum con-
figuration of the network with regard to power losses. Five
different cases are considered and the effectiveness of the
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proposed technique is also demonstrated with improve-
ments in power loss reduction compared to other previ-
ously researched methods, through MATLAB under
steady-state conditions.

Keywords = Optimal capacitor placement - Optimal
reconfiguration - Power loss reduction - Power distribution
network « Improved binary particle swarm optimization

Introduction

Power distribution network consists of a group of radial
feeders which can be connected together by several tie-
switches and tie-lines. The power loss reduction in the
network is a major concern of electric distribution utilities.
Among conventional methods, optimal reconfiguration and
capacitor placement are two effective methods which can
be applied on the network.

The optimization methods have been used to find the
optimal location and size of different devices such as
capacitors, FACTS, Distributed generations, etc. in power
distribution systems [1-3]. In this paper the optimization
methods are used for optimal reconfiguration and capacitor
allocation in power systems.

Feeder reconfiguration is the process of changing the
distribution network topology by changing the status of its
switches. There are two kinds of switches based on their
open or close conditions: normally open (NO) and nor-
mally close (NC). Normally open switches are considered
as tie switches in the network. During reconfiguration
process, the status of these switches will be changed opti-
mally based on the proposed objective function. Opening
and closing of these switches can change the amount of
power losses.
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On the other hand, capacitors are mostly used for
reactive power compensation in distribution networks.
They are also used for power loss reduction and
improvement of voltage profiles. The advantages of this
kind of compensation depend on how and where to place
the capacitors in the network. In recent years, according to
proper results of optimal capacitor placement and optimal
distribution network reconfiguration for power losses
reduction, the idea of using these two methods simulta-
neously has been considered to maximize the amount of
power loss reduction. The combination of these approaches
makes the optimization process more complex.

Optimal capacitor placement and feeder reconfiguration
have been investigated in many papers separately and
various approaches have been used with different objective
functions to model the network and optimize the problem
solution.

In [4], the branch and bound heuristic method has been
used to solve the reconfiguration problem with minimum
power losses. In this method, all network switches become
closed and will be opened one by one to obtain a new radial
configuration. In [5], the power loss reduction and load
balancing reconfiguration problem is formulated as an
integer programming method. The branch exchange heu-
ristic method is proposed in [6]. In this method, power
losses reduction is obtained by closing a switch and
opening another one. In [7], an algorithm has been pro-
posed to obtain switch pattern as a function of time. A-load
flow method based on a heuristic algorithm has been
introduced in [8] to determine a configuration with minimal
power losses. An implementation using a genetic algorithm
(GA) has been proposed in [9]. An improved genetic
algorithm based on fuzzy multi-objective approach has
been suggested in [10] to solve the problem. In [11], a
method based on binary particle swarm optimization
(BPSO) algorithm is presented to balance network loads. In
[12], the authors have.used ant colony search algorithm
(ACSA) to solve the reconfiguration problem. Moreover,
they have performed a comparison which shows better
results for ACSA compared to genetic algorithm (GA) and
simulated annealing (SA). A solution procedure employing
SA is proposed in [13] and [14] to search for an acceptable
non-inferior solution. In [15], the network reconfiguration
problem has been solved by a harmony search algorithm
(HSA) and an optimal switching combination in the net-
work is obtained which results in minimum power loss.

Many investigations have also been performed to solve
the optimal capacitor placement problem. Grainger and
Lee [16-18] formulated the problem using a non-linear
programming model and solved it by simple iterative
procedures based on gradient search. In [19] and [20], the
capacitor placement problem is modeled as a mixed integer
non-linear programming problem and is solved using a
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decomposition method and a power flow algorithm. In [21],
Tabu search (TS) algorithm is used and a sensitivity ana-
lysis is performed to reduce the search space. It is shown
that TS has a better performance compared to SA. In [22],
the placement problem is solved together with finding the
amount of proper capacitors. An approach using GA and a
new type of sensitivity analysis method is used. In [23], the
implementation of integrated evolutionary algorithms is
investigated for solving the capacitor placement optimi-
zation problem with reduced annual operating cost. Dif-
ferential evolution and pattern search (DE-PS) are used as
meta-heuristic optimization tools to solve optimal capacitor
placement problem.

Some papers considered these two problems simulta-
neously. In [24], optimal capacitor placement and recon-
figuration problem is considered as two consecutive stages
and the branch exchange method is used for reconfigura-
tion process. In [25], SA is used to solve optimal capacitor
placement and reconfiguration. The amounts of capaci-
tances are determined by a discrete optimization algorithm.
Simultaneous solution of these two problems has been
approached with the objective of power loss minimization
in [26] and the ACSA has been compared to SA and GA
and its superior results have been presented. In [27], a
modified PSO algorithm is used to solve the optimal
capacitor placement and reconfiguration problems. The
proposed objective function contains power loss minimi-
zation and cost reduction in specific periods of time. In
[28], a heuristic algorithm is used for reliability evaluation
considering protection schemes and isolation points in the
distribution network. The problems are solved by Harmony
Search Algorithm. In [29], a deterministic approach for
network reconfiguration and a heuristic technique for
optimal capacitor placement for power loss reduction and
voltage profile improvement in distribution networks are
presented. A minimum spanning tree (MST) algorithm is
utilized to determine the configuration of minimum power
losses along with a GA for optimal capacitor placement.

All previous reports, regardless of their objective func-
tion, are looking for the most optimum or a global optimum
solution. Meanwhile, each proposed method tries to reach a
more optimal or near optimal solution compared to previ-
ous works.

In this paper, some planning issues for the priority of
reconfiguration and capacitor placement problems in power
distribution networks are investigated based on a new
improved binary PSO (IBPSO) algorithm. The algorithm is
used to solve the simultaneous reconfiguration and optimal
capacitor placement problem. The proposed method
employs a different structure for the optimization algorithm
(by using logical operators AND, OR, and XOR). A near-
global optimum feeder reconfiguration and capacitor set-
ting is obtained which shows the best results among other
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previous similar works. The proposed IBPSO algorithm is
compared with other intelligent algorithms [SA, GA, ant
colony optimization (ACQO), and ACSA] and its better
performance is presented. Then the priority of reconfigu-
ration and capacitor placement cases are presented in the
“Discussion” section.

Problem formulation

The objective is to minimize the network power losses
considering constraints under a specified load pattern. The
mathematical model of the problem can be expressed as
follows [26]:

MinF = Min(Pr oss + Av X Scv + 41 X Scr), (1)

where Py is the total real power loss of the network.
The parameters Jy and A; are penalty constants, Scv is
squared sum of the violated voltage constraints, and Scy is
squared sum of the violated current constraints [26].
(Av X Scv + A1 X Scr) is used to apply constraints on the
objective function. The voltage magnitude at each bus must
remain within its allowable interval. Besides, the current of
each branch must satisfy the branch current limitations.
These intervals are expressed as follows:

Umin S |Ul| § Umax (2)
|Ii| Sli,ma)u (3)

where |U;| is the voltage magnitude of bus I and Uy, and
Umax are minimum and maximum allowable voltages,
respectively, which are considered as Uy = 0.95pu and
Umax = 1.05pu.|[;] is the current magnitude and J/; may is the
maximum current limit of the branch.i. So, the penalty
constants are determined as follows:

1. Ay and/or /; equal to 0, if the associated voltage/
current constraint.is not violated.

2. A significant value is given to Ay and/or A; when the
associated voltage/curtent constraint is violated; this
makes the objective function move away from the
undesirable solution [26]. This significant value is
considered equal to the amount of objective function
before the optimization process (in this study, the
initial power loss of the test network) multiplied by a
large number (for example 10%). This process is
performed automatically by the developed program.

To obtain the network’s power losses and voltage drops,
a load flow calculation should be performed during the
optimization process. Conventional methods of load flow
are Gauss—Seidel and Newton—Rafson which lead to
unreliable solutions in radial distribution networks due to
the radial structure and the high R/X ratio. Therefore, a

backward—forward load flow method (BF-load flow) is
used in this paper. Other previous reports chose the same
load flow method, too [27, 33]. The BF-load flow method is
fully presented in [32] which is explained briefly in the
following section.

Backward—forward (BF) load flow method

A BF-load flow has been used to evaluate the objective
function of the problem. In BF-load flow, the first step is to
introduce the topology of distribution network to the
computer program as meaningful matrices using graph
theory [32]. Then the main process will begin as follows:

1. The vector (Unjx,) containing the voltages of the
nodes is defined. At first, we assume that all the
elements of the vector are equal to 1 pu (or 1.05 pu)
with zero angle.

2. The currents of nodes (In;x,) is calculated by the
following equation:

()] = [SL(@)/U@)], (4)

where Ip (i), SL(i) and U(i) are current, apparent power
and voltage of the load in the node #i, respectively.

3." The current of the last node is the current of the last
branch. So the currents of network branches (/1) are
calculated starting from the last node to the first one by
using Kirchhoff’s current law (KCL) (Backward
sweep). f is the number of network branches.

4. The voltage drop is calculated by the equation
LU = ZJ. Z is the impedance and LU is the voltage
drop of each branch.

5. The voltage of reference node is equal to 1 or 1.05 pu.
The voltage of the next node is calculated by
subtracting the corresponding voltage drop from the
voltage of previous node (forward sweep) and Un,x,
will be updated.

6. The procedure is restarted from step 2 with recently
calculated Un,y,. The convergence condition is

AUn = Un® — un*Y < ¢, (5)

where K is the iteration number and € is the calculation
error (precision).
Improved binary particle swarm optimization
Overview
Binary particle swarm optimization (BPSO) algorithms

were introduced by Kennedy and Eberhart in 1997. In a
standard BPSO algorithm, real numbers are used in the
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optimization process. The proposed algorithm uses a
method similar to the standard basic PSO and a random
method produces a new swarm. The particles’ velocities
are calculated using the established relationships in the
standard mode. The new amounts of particles’ position are
0 or 1 which is retrieved from the comparison of calculated
velocity with a random number. This method has several
disadvantages. The information of particles obtained from
previous iterations is not used in the next iteration and the
positions of particles are updated almost randomly which
leads to inappropriate results. Therefore, “improved binary
particle swarm optimization” (IBPSO) algorithm has been
introduced in [30].

Improved binary particle swarm optimization

In IBPSO method, the information of every particle in
iterations is used to determine new particles. Thus, if each
particle contains d dimensions (variables), in the iteration
k + 1 we will have

vf;l =w ® (pbestifd & xﬁd) +wa ® (gbest'; GBX{'(,d)v
(6)

where “®”, “@®” and “+” denote “XOR”, “AND”, and
“OR” operators, respectively. w; and w, are inertia weight
factors which are random binary strings. v’.‘jlis the dth

1

dimension velocity of particle i at iteration k + 1. pbestf d

and gbest';, are the dth dimension of the personal best
position of particle i until iteration k and the dth dimension
of the best position of all particles in the swarm at iteration
k, respectively. The new position of each particle can be
updated by Eq. (7):

Xt = xf‘(,d D Vﬁla (7)
where xf 4 18 the dth dimension position of particle i at
iteration k [30]. The problem will be formulated based on
this optimization process.

Implementation of the optimization algorithm

Implementation steps of the IBPSO algorithm to solve the
optimal reconfiguration and capacitor placement problem
are as follows:

1. The inputs of the procedure are: w, and w,, swarm size
(P), objective function and maximum iterations.

2. To start the procedure, the initial swarm is generated

containing random binary strings. Each particle of the
swarm indicates the ON/OFF condition of switches,
the condition of capacitor installation on each node,
and the size of located capacitors. Thus, if the number
of decision variables (dimension of the search space) is
considered N, then the initial swarm will be a
P x N matrix as follows:

8$2182. . .Son

| Sp1Spa- “Sew | pon

Each row of § is a particle flying in the search space. A
special coding process is used to build the matrix S.

As mentioned above; each particle consists of three parts:
the ON/OFF condition of switches, the condition of capacitor
installation on each node, and the size of located capacitors
which are denoted by three variables: switch_condition,
cap_condition, and cap_size, respectively.

In the switch_condition, the length of binary string is
ri + r, where r; is the number of NC switches and r, is
the number of tie-switches. Every branch is considered
as a potential switch which can be open or closed.
Open and closed switches are shown by 0 and 1,
respectively.

In the cap_condition, the number of required bits (r3)
equals to the number of system nodes. The installation of a
capacitor on a node is shown by 1. If there is no capacitor
on a node, the corresponding bit will be O in the string.

In the third part of the string, the cap_size, the length of
the string equals to the product of the number of nodes (r3)
and the number of capacitors’ encoding bits. For example,
(001), to (110), is the binary number of capacitor types 1-6
for 6 different capacitances and the number of bits is 3.
Thus, in a 16-node network, the cap_size will be a 48-bit
string.

Finally, cap_size and cap_condition bits are multiplied
together to determine the location and the size of the
capacitors. Figure 1 shows a string of a typical particle.

tjoftf|ftrtf|fof1t o1 ]O]|1 1|1 o|ll1|]o|Jo|l]oOo]|1
\ A A /
v v
switch_condition capacitor_condition capacitor_size

Fig. 1 A string of random typical particle
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Fig. 2 The flowchart of the @
proposed algorithm
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3. Network radial condition is verified in each iteration.
This function checks two main conditions: (1) the
network must contain no loops; (2) all of the nodes
must be energized (connected the supply). So the
program considers the radial network as a tree of the
initial graph and the above-mentioned condition are
verified as the network remains a tree in different
states. In other words, a network remains radial if the
graph of the network remains a tree. If it is confirmed,
then the load flow will be run on the new generated
network and the nodes’ voltages and the branches
currents will be recalculated. In this step, the con-
straints are also checked and applied to the objective
function according to Eq. (1).

4. pbest and gbest are calculated and updated in each
iteration. They are the strings which result in the least
amount of the objective function. The program will
continue to run to reach the maximum predefined
number of iterations. The last calculated gbest is the
best status of the network and its corresponding power
loss is the optimum solution.

Figure 2 shows the flowchart of the proposed process.

Simulation results and discussion

Optimal reconfiguration and capacitor placement is per-
formed using the proposed algorithm on two IEEE test
systems. The systems are well-known benchmark systems
which are selected to compare the obtained results to pre-
viously reported optimization attempts on-the same net-
works. The algorithm has been implemented in MATLAB
R2010.

Six types of capacitors 300, 600, 900, 1,200, 1,500, and
1,800 KVAR are used in capacitor placement. The capac-
itors are numbered from 1 to 6, respectively, and O denotes
a node without any' capacitor. The selected ranges of
capacitors are the same as previous reports for comparison
purposes [26, 27]. Their binary equivalent is defined
according to Table 1.

16-bus system

The first study is performed on a 16-bus system with 3
feeders which is shown in Fig. 3. Thirteen continuous lines
indicate NC switches, while NO switches (tie-switches) 15,
21, and 26 are represented by dotted lines. The initial
network power loss is 511.44 kW [6].

The results of the optimization on a 16-bus test system
are shown in Table 2. Power loss has been reduced
12.38 % compared to the initial condition of the network.
Five capacitors (1,500, 900, 1,800, 900, and 900 KVAR)

’r @ Springer

Table 1 Binary equivalent of capacitors

Types of capacitors Binary equivalent

0: no capacitor 000
1: 300 KVAR capacitor oo
2: 600 KVAR capacitor 010
3: 900 KVAR capacitor ©o11
4: 1,200 KVAR capacitor (100)
5: 1,500 KVAR capacitor 101
6: 1,800 KVAR capacitor (110
Feeder 1 Feeder 2 Feeder 3
— (D e (3)
11
@ ©
12
15
B @ 23
————— @ mm— ]
@ 14 @ 26 @ 25 @

Fig. 3 16-bus distribution system

Table 2 Results of optimal reconfiguration and capacitor placement
in 16-bus system

Original After reconfiguration
configuration and capacitor placement
of system
Tie-switches 15, 21, 26 19, 7, 26
Power loss (KW) 5114 448.07
Maximum Upax = 1 Upax = 1
voltage (pu) (buses 1, 2, 3) (buses 1, 2, 3)
Minimum Upin = 0.9693 Upin = 0.9757
voltage (pu) (buses 12) (buses 12)
Power loss - 12.38

reduction (%)

are used in the optimal case which are placed on buses 4, 7,
8, 9, and 13, respectively.

Figure 4 shows the voltage profiles before and after
optimal reconfiguration and capacitor placement. The
voltage profile is obviously improved after the optimization.

33-bus system

The other case is Baran and Wu [19, 20] test system shown
in Fig. 5. The normally open switches (s33, s34, s35, s36,
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Fig. 4 Comparison of voltage
profile before and after optimal

Voltage profile

1.005 ,
reconfiguration and capacitor :
placement in 16-bus test system
(dashed line before 1
optimization, solid line after

optimization)
0.995

0.99

Voltage (pu)
=
8

0.98

0.975

0.97

T T I I I
: : =4= = hefore recon. and cap. palcement
—&— after recon. and cap. palcement

0.965 i
0

Fig. 5 33-bus test system [19]

s37) are represented by doted lines and normally closed
ones (s1-s32) are illustrated by solid lines. The initial
power loss is 202.68 kW [31].

The results of the improved binary PSO algorithm on
33-bus test network are shown in Table 3. Power loss
reaches to 93.061 KW which shows a 54.08 % reduction.
Five capacitors (600, 300, 300, 600, and 300 KVAR) are
used in the optimal case which are placed on buses 6, 11,
24, 29, and 32, respectively.

4 6 (] 10 12 14 16
Node No.

Table 3. Results of optimal reconfiguration and capacitor in 33-bus

system

Original After reconfiguration

configuration and capacitor

of system placement
Tie-switches 33,34, 35,36,37 17,9, 14, 32, 37
Power losses (KW) 202.68 93.061
Maximum voltage (pu) Upax = 1 Upax = 1

(buses 0) (buses 0)

Minimum voltage (pu)  Upin = 0.9131 Upin = 0.9587
Power loss reduction - 54.08

(%)

Figure 6 shows the voltage profiles before and after the
optimal reconfiguration and capacitor placement. Again, it
is observed that the voltage profile is improved after
applying the optimization.

Discussion

Tables 4 and 5 compare five different cases which
employ optimal reconfiguration and capacitor placement
separately and simultaneously. The following cases are
considered:

Case #1. Only network reconfiguration;

Case #2. Only capacitor placement;

Case #3. First, network reconfiguration and then
capacitor placement;

W @ Springer
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Fig. 6 Comparison of voltage WVoltage profile
profile before and after optimal 1 T T
. . : =¥ = hefore recon. and cap. palcement
reconfiguration and capacitor : : : &
placement in 33-bus test system 099 e N TR - aﬂerrecon.am{cep.pa!cement
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optimization) : ; Gy : :
007 oo e, .................. Bt : S G b i
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& L00 |ovoeererererer bhb Ng 4
L : A
E) \ : | Y
3 005 L k‘ .............................. R L .............................. _
- : \ : I A §
0.04 b L S R S : ......................................... P T NIS 4
f \ ; ! \
093 . P TITTISTIRPRPI * R [FE T PP LR
: : ~* : ! : *
: : N : | 5 W,
000 L PP PP SURPRP L JUPRn SRR Jooivo gl N A | SRR 4
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: : . T : : :
0.01 | | | | | |
0 5 10 15 2 25 30 35
Node No.
Table 4 comparison of different cases for optimal reconfiguration and capacitor placement in 16-bus system
Parameters Original case Case 1 Case 2 Case 3 Case 4 Case 5
Tie-switches 15 17 15 17 17 17
21 19 21 19 19 19
26 26 26 26 26 26
Maximum voltage (pu) 1 1 1 1 1 1
Minimum voltage (pu) 0.9693 0.9716 0.-973 0.9763 0.9736 0.9757
Power losses (KW) 511.44 466.13 4872 448.7 453.10 448.07
Nodes no. Placed capacitors (KVAR)
1 _ _ _ _ _ _
2 _ D - - _ -
3 _ _ - — _ -
4 - - 1,800 1,200 1,800 1,500
5 » - 300 - 300 -
6 - _ - _ _ -
7 - - 900 900 900 900
8 - - 1,800 1,800 1,800 1,800
9 - - - 1,200 - 900
10 - - 1,500 - 1,500 -
11 - - - - - -
12 - - - - - —
13 - - - - - 900
14 - - - - - -
15 - - - - - -
16 - - - 300 - -
Case #4. First, capacitor placement and then network Case #5 (optimal reconfiguration and capacitor placement
reconfiguration; simultaneously) leads to the most optimum network condition.
Case #5. Network reconfiguration and optimal capacitor ~ The comparison is mainly performed between the cases 3, 4,
placement, simultaneously; and 5 in which both reconfiguration and capacitor placements

@ Springer
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Table 5 Comparison of different cases for optimal reconfiguration and capacitor placement in 33-bus system

Parameters Original case Case 1 Case 2 Case 3 Case 4 Case 5

Tie-switches 33,34, 35,36,37 7,9,14,32,37 33,34,35,36,37 7,9,14,32,37 7,10,34,36,37 7,9, 14, 32, 37
Maximum voltage (pu) 1 1 1 1 1 1
Minimum voltage (pu)  0.9131 0.9378 0.9389 0.9612 0.9658 0.9585
Power losses (KW) 202.68 139.55 134.2 94.26 9591 93.06
Nodes no. Placed capacitors (KVAR)
- - 900 - 900 -

- - 300 - 300 -

O 00 N AN LN R W N =
|
|
|
|
|
|

O N D) = = e = = em s e e
N = O O 0 NN R WD = O
e O e e e e |
e e e e e e e |
I e I O ™ N A R |
o
(e]
I e N H O S A E R e B |
(el
(=}
N e e e B
(e
(e]
O e A L~ T |
[e]
[«]

300 - 300 -

NN
~ W
[
|
|
|
|
|

300 - 300 -

ERBEIEY
R
R
N
N
N
L
[}

600 - 600 600
600 - 600 -

W W W
S S
[ |
(|
[
[
[
w |
(=]

(=]

are carried out. However, there are differences between pri- 3. Case #4 (First, capacitor placement and then network
orities of these cases. According to the amount of power loss reconfiguration);
reduction resulting from the simulation, optimization cases are

. e e The other conclusion is obtained by comparing the
categorized in distribution networks as follows: y paring

results of IBPSO algorithm to other intelligent methods

1. Case #5 (Optimal network reconfiguration and capac-  that were previously applied in different references with
itor placement simultaneously); similar conditions (constant power loads and the consid-
2. Case #3 (First, network reconfiguration and then  eration of voltage and current constraints) in 16-bus sys-
capacitor placement); tem. Table 6 shows this comparison. It is concluded that

.
,r @ Springer
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Table 6 Comparison of

; " ° Used intelligent Power
intelligent algorithms to solve algorithm losses
optimal reconfiguration and
capacitor placement problem in IBPSO 448.07
16-bus system GA [26] 448.2
SA [26] 448.3
ACSA [26] 448.1
ACO [33] 450
Tabl? 7 Compg.rison of Used intelligent Power
intelligent algorithms to solve algorithm losses
optimal reconfiguration and
capacitor placement problem in IBPSO 93.061
33-bus system ACO [33] 95.79

the proposed algorithm in this paper leads to a better result
than other previously proposed methods.

The comparison is also done in the 33-bus case. Table 7
compares the result of applied methods to previous studies
in a similar condition on the 33-bus system. Significant
improvement is obtained using the proposed algorithm
compared to previous reports of other researchers.

Environmental benefits

One of the most important benefits of power and energy
loss reduction is its positive environmental impacts. This
subject is so important especially in countries like Iran
where a large amount of power generation is from fossil
fuel power plants.

In such countries, the serious consequence of increase in
conventional power generation is the increase of CO,, SO,
and NO, emissions. Since the power and energy losses
reduce power plants’ useful generation, any effective
method to decrease the losses is so important. On the other
hand, power distribution networks are responsible for a
significant percentage of power and energy losses.

The proposed method in this paper is able to decrease the
amount of losses in power distribution networks, consid-
erably. In conventional power plants, the generated emis-
sions are equal to 720 kg CO,, 0.1 kg NO,, and 0.0036 kg
SO, per MWh. By using the proposed algorithm, the
amount of emission can be decreased, consequently [34].

The amount of annual energy loss reduction can be
calculated as follows:

energy losses = 8,760 x power losses X Lp,
where Lg is the loss factor. In this study, all loads are
considered to be residential with Lg equals to 0.3.

Table 8 shows the amount of emission reduction due to
the reduction of energy losses in the test networks.

’r @ Springer

Table 8 The amount of emission reduction due to the reduction of
energy losses in the test networks by applying optimal reconfiguration
and optimal capacitor placement simultaneously

Annual energy  CO, SO, NO,
losses (MWh) reduction reduction  reduction
(kg) (kg) (kg)
16-bus test  166.431 119,830.32 0.6 16.643
network
33-bus test 288.078 207,416.16 1.037 28.807
network

It is clear from Table 8 that the amount of CO,, SO,,
and NO, emissions are significantly decreased.

Conclusion

In this paper, simultaneous optimal reconfiguration and
capacitor placement problem is solved in distribution net-
works to achieve the minimum power loss in the network.
In the optimization process, the applied constraints are
voltages of nodes, currents of branches, and radial condi-
tion of the network. The minimum power losses with
improved voltage profile can be achieved simply. Optimal
capacitor placement can control the flow of reactive power
in distribution lines which in turn leads to power loss
reduction, too. The proposed “improved binary PSO”
algorithm has been tested on two 16 and 33 bus networks.
It is concluded that simultaneous solving of these two
problems will lead to better results than their separated
solution. It is also shown that IBPSO leads to better results
compared to other previous similar studies using other
intelligent methods. Simulations and comparison results
show that optimal reconfiguration and capacitor placement
simultaneously result in the most optimum condition of
network. According to amount of power loss reduction, the
priority of optimization cases is proposed as follows which
can be used by utilities to plan their networks optimally:(1)
optimal network reconfiguration and capacitor placement
simultaneously; (2) first, network reconfiguration and then
capacitor placement; (3) first, capacitor placement and then
network reconfiguration. The power distribution utilities
can prioritize their network improvements optimally by
using the above results. The environmental benefits of
energy losses reduction were briefly presented.
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