International Journal of Soft Computing 9 (2): 72-78, 2014
ISSN: 1816-9503
© Medwell Journals, 2014

Reconfiguration and Capacitor Placement Using Opposition Based
Differential Evolution Algorithm in Power Distribution System

'R. Muthu Kumar and %K. Thanushkodi
'Anna University, Chennai, Tamil Nadu, India
*Akshaya College of Engineering and Technology, Coimbatore, Tamil Nadu, India

Abstract: Distribution system is a critical link between customer and utility. The control of power loss is the
main factor which decides the performance of the distribution system. There are two methods such as:
distribution system reconfiguration and inclusion of capacitor banks used for controlling the real power loss.
Distribution system reconfiguration helps to operate the system at minimum cost and at the same time improves
the system reliability and security. Under normal operating conditions, optimization of network configuration
is the process of changing the topology of distribution system by altering the open/closed status of switches
to find a radial operating structure that minimizes the system real power loss while satisfying operating
constraints. Considering the improvement in voltage profile with the power loss reduction, later method
produces better performance than former method. This study presents an advanced evolutionary algorithm for
capacitor inclusion for loss reduction. The conventional sensitivity analysis is used to find the optimal location
for the capacitors. In order to achieve a better approximation for the current candidate solution, Opposition
hased Nifferential Evolution (ODE) in introduced. The offootivencon of the propesed technique is validated
through IEEE-33 bus Power Distribution Systems.

Key words: Capacitor placement, distribution network reconfiguration, differential evolution, loss reduction,

switching operation

INTRODUCTION

Development of Electrical Power Distribution System
performance requires proper plans for increasing utilities
efficiency for instance, losses reduction. Different
approaches are used to reduce losses such as optimal use
of electrical equipments, optimal use of loading at the
transformers, reconfiguration and optimal capacitor
placement, optimal placement of DG (Distributed
Generation) and removal of harmonics. Amongst all,
reconfiguration  and  capacitor  placement  are
comparatively lesser operating cost. The reconfiguration
of a distribution system is a process which alters the
feeder topological structure by changing the open/close
status of the switches in the distribution system. The
presence of high number of switching elements in a radial
distribution system makes the network reconfiguration a
highly complex combinatorial, non-differentiable and
constrained non-linear mixed integer optimization problem.
Also, the number of variables varies with respect to the
size of the system. The distribution system with n
switches will have n variables. The demand for a radial
operation also makes the mathematical model more
difficult to represent efficiently and codification of a

solution becomes difficult when metaheuristic techniques
are employed. Even though reconfiguration strategy has
above said limitations, it is a most widely recommended
and most successful strategy with zero operating cost.
The feeder reconfiguration problem has been dealt
within various papers. Civlnar et al. (1988) conducted the
early research on feeder reconfiguration for loss
reduction. Baran and Wu (1989) defined the problem of
loss reduction and load balancing as an integer
programming problem. Aoki et al. (1988) developed a
method for load transfer in which the load indices were
used for load balancing. In the solution method, starts
with a meshed distribution system obtained by
considering all switches closed (Shirmohammadi and
Hong, 1989). Then, the switches are opened successively
to eliminate the loops. Developments in algorithm design
techniques such as simulated annealing (Cheng and Kuo,
1994), heuristic fuzzy (Huang and Chin, 2002), artificial
neural network (Salazar ef al., 2006), population based
evolutionary algorithms (Hong and Ho, 2005; Qin and
Suganthan, 2005) provides much improvement in
reconfiguration strategy. The Plant Growth Simulation
Algorithm (PGSA) is employed to optimize the network
configuration of the distribution system (Wang and
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Cheng, 2008). The PGSA provides a detailed description
on switch state and decision variables which greatly
contracts the search space and hence reduces
computation effort. Harmony Search algorithm has
been proposed for (Rao et dl,
2011a, b).

Capacitor placement problem has two major concerns
in it. The first one is the identification of capacitor
location and the second is the amount of capacitor
mnclusion at the identified location. The most conventional
sensitivity analysis has been followed for finding the
optimal location and the conventional searching adapted
in order to find the amount of inclusion of capacitors.
Therefore, it provides opportunity for the inclusion of
optimization techniques for both the cases. Since, the
nature of capacitor placement problem is complex
combinatorial, different techniques have been followed by
the researchers in the past. The initial contribution was
made by Schmill (1965) using 2/3 rule for capacitor
placement. Dynamic programming with assuming the
capacitor sizes as discrete variables adapted by Dura
(1968). The capacitor problem was viewed as a nonlinear
problem by Grainger and Lee (1981) where variables were
treated as continuous.

The improvements in advanced optimization
techniques such as Genetic algorithm, microgenetic,
particle swarm optimization, ant colony and differential
evolution allowed the optimization procedures
comparatively easier than the conventional procedures.
Optimal capacitor placement was carried out through
Genetic algorithm by Das (2002). The number of locations
was considered as the total variables for Genetic
algorithm. The microgenetic concepts involving enhanced
genetic algorithm was proposed by De Souza ef al. (2004).
The power flow constraints were handled through fuzzy
logic concepts. Optimization procedure through particle
swarm optimization principle was adapted by Prakash and
Sydulu (2007). Optimization through Plant Growth
- Simulation Algorithm (PGSA) was first introduced for
feeder reconfiguration by Schmill (1965). Later, the PGSA
along with loss sensitivity factors was mtroduced
(Rao et al., 2011) for optimal capacitor placement. Loss
sensitivity factors were used to find the optimal location,
1e., weak buses which require capacitor. PGSA was
incorporated in order to find out the optimal sizing of the
capacitors. The optimization procedure combining both
capacitor placement and reconfiguration was recently
mtroduced. The Ant Colony Optimization algorithm was
mntroduced for the optimization (Kasaei and Gandomkar,
2010). The combined usage of deterministic approach and
heuristic technique for network reconfiguration and
optimal capacitor placement for power-loss reduction
and voltage profile improvement in distribution networks
(Montoya and Ramurez, 2012). The improved

reconfiguration
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reconfiguration method along with GA wused for
simultaneous reconfiguration and capacitor placement for
distribution network optimization by Farahami ef al. (2012).

In this study, opposition based differential evolution
(Rahnamayan et al., 2008) algorithm has been presented
for efficient reconfiguration and optimal capacitor
placement. The conventional loss sensitivity factors are
mntroduced to identify the optimal location of capacitors
in the distribution system and the amount of injection of
reactive power through capacitors is fine-tuned with the
help of ODE. The effectiveness of the proposed approach
is demonstrated by employing the feeder switching
operation scheme to IEEE-33 bus.

PROBLEM FORMULATION

Network reconfiguration is the process of altering
the topological structures of distribution network by
changing the open/close status of switches so as to
minimize total system real power loss. Additionally,
capacitor placement has been mvolved for the loss
reduction through volt/var control.

The primary objective of the proposed technique is
to minimize the total annual cost of the distribution
system includes capacitor cost and energy loss cost,
subject to the power flow constraints such as bus voltage
(Vo <IVII<|V ), branch currents (I|<[I,... ;u|) and radiality
constraints. The mathematical description is given in
Eq. 1:

MlmH]lZe Ctotal = Cmpacxtvr energy (1)
Where:
Cwww = The total annual cost of the RDS in $/year
Cegactr = The total capacitor cost of the RDS in $/year
Cuwg = Theenergy loss cost of the RDS in $/year

The available three phase capacitor sizes In
kVAR and costs in $/KVAR is shown in Table 1
(Rao et al., 2011b):

C i Cy, ﬁxed+clann“a]XQ‘ @)
Where:
C, sxes = The fixed cost for the capacitor placement $/year
C? = The annual cost for the capacitor
installation in $/(KVAR-year) received from
Table 1 (i selected buses for capacitor
installation)
Q, = The reactive power in (KVAR)

The energy loss cost of the distribution system 1is
derived from the power flow equations. The power flow
equations are described through assuming the simple
distribution system shown in Fig. 1.
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Table 1: Capacitor s-izes and cost

Q (KVAR) Capacitor cost ($/kVAR)
150 0.500
300 E 0.350
450 0.253
600 0.220
750 0.276
900 0.183
1050 0.228
1200 0.170
1350 0.207
1500 0.201
1650 0.193
1800 0.187
1950 0.211
2100 0.176
2250 0.197
2400 0.170
2550 0.189
2700 0.187
2850 0.183
3000 0.180
3150 0.195
3300 0.174
3450 0.188
3600 0.170
3750 0.183
3900 0.182
4050 0.179
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Fig. 1: Single line diagram of a RDS

In Fig. 1, P, and Q; are the real and reactive power
flow of the line i, P; and Qy; are the real and reactive power
loads at the bus Li. The line resistance and reactance are
denoted as R,; and X ;. y/2 is the total shunt admittance
at bus 1. The power flow equations for the RDS is given
by:

PM+Q!
Pl+l = R-PLI+1~RI,X+1 VZ (3)
Q1+1 = Ql-QLl+l-X1, 1+] Vlz -\/1 7
2 2 C 2 2 Plz"'Q,2
\/;+1 = Vt -2 (R; i+1 P|+X1, 1+1 Q‘)'*'(R‘_ x+l+Xx, 1+1) 2
5

After successful calculation of power flow of the
individual lines of the RDS using Eq. 3-5, the power loss
of the RDS s calculated by using Eq. 6:

2 2
R \*Q 6)
P

nl
PF,Loss 3T ,=1R1,1+1

The total energy loss cost (E,,,) has been calculated

as:
K

Cmergy = pl",lnss>< P (7)
The problem carried out with following assumptions:

¢ Loads are static

e RDS is reactive power compensated

e Operation and maintenance costs of the capacitors
are negligible

PROPOSED ODE ALGORITHM

Procedure for reconfiguration: For reconfiguration,
switches present in the distribution network are
considered as variables. For instance, closing of Sy;, S,
Ss5, Si S;; and opening of swithes Sg, Sy, Sy, S,y and S,,
will yield the new confliguation with new loss. Based on
the new configuration loss, the initial configuration may
or may not be updated. The similar searching for optimal
configuration has to be carried out amongst numerous
combinations of tie switches. As per this approach, the
number of possible configurations grows exponentially
with the number of switches. Also, there is a possibility of
occurance of unfeasible solutions during searching
practice which dramatically decreases the efficiency of
calculation and sometimes the procedure may not yield
optimal solution.

In order to reduce the dimension of the variables,
Plant Growth Simulation Algorithm (PGSA) has been
employed in this study (Kasaei and Gandomkar, 2010). In
a distribution system, the number of independent loops is
the same as the number of tie switches. PGSA handles
independent loops rather than switches as decision
variables which greatly reduces the dimension of the
variables m the solved model and leads to a marked
decrease of unfeasible solutions in the iterative
procedure. Therefore, the problem of network
reconfiguration is identical to the problem of selection of
an appropriate tie switch for each independent loop so
that the system power loss can be minimized. The
switches are described in four states so as to reduce the
chances of unfeasible solutions in the iterative procedure
and to further improve the efficiency of calculation:

e Open state: a switch is open in a feasible solution

o Closed state: a switch is closed in a feasible solution

e  Permanent closed state: a switch is closed in all
feasible solutions
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o Temporary closed state: switches that have been
considered in an earlier loop should be treated as
closed switch for the loop under considerations

After the depiction of the states of all switches, the
permanently closed switches can be eliminated from the
possible solution sets of the decision variables. Similarly,
researchers can monetarily delete the temporarily closed
switches. Thus, with the influence of PGSA, the
complexity has been greatly reduced. For searching for
the optimal solution ODE has been introduced.

Optimal capacitor placement: Optimal capacitor
placement process has two major tasks the capacitors
location identification and the search for optimal sizing of
capacitors. The capacitors need to be located at the weak
buses of the distribution system. The term weak buses
refer the buses with least voltage (<V,_,) and the
associated lines having the most value of rate of change
of real power loss with respect to effective reactive power.
The total load connected beyond the associated bus is
called as the effective reactive power. The above
mentioned procedure is called sensitivity analysis and the
relevant buses are called sensitivity buses. The
sensitivity analysis is a conventional procedure practiced
for many years for identifying the optimal location of
capacitors. The mathematical equations related to
formation of sensitivity analysis are described with the
Fig. 2. Figure 2 has a distribution line m connected
between buses 1 and i1+1 with a series impedance of
R,HX, and an effective load of P+ Q.zat busit+l. The
real power loss of the distribution line (m) 1s given by:

P =R, (Ril,af+?irl,af) ()

i+

The loss sensitivity factor can be calculated using
Eq. 9

6Pm = 2Rm Qnﬂé eff (9)
a(21*1, eff

1+]

LSF, =

The Loss Sensitivity Factors (LSF) of all the lines can
be calculated through conducting radial load flow. The
calculated values of LSF are arranged in non-increasing
order. The buses with most LSF value and lesser value

i R HX, i+l

5

P4jQu
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Fig. 2: Single line diagram of a distribution line for loss
sensitivity factor

(i.e, <1.01 p.u) of normalized voltage (|V|/0.95) (Kasae1
and Gandomkar, 2010) are selected as the candidate
location for capacitor placement. The purpose of
introduction of ODE is to find the optimal capacitor size
that need to be included at the optimal locations received
at the end of sensitivity analysis. The number of variables
for ODE searching is the number of identified locations.

Search strategy through Opposition based Differential
Evolution (ODE): The selection of number of variables has
been decided based on the three different cases. The
network reconfiguration alone, the individual loops are
selected as variables and ODE is used to identify the open
switches in each loop in order to minimize the power loss.
For instance, if the system has x identified loops then
ODE should have x variables.

The optimal capacitor placement alone, the number of
optimal locations is the number of variables considered
for searching. For instance, if the system has y identified
locations then ODE should have y variables. Combined
reconfiguration and optimal capacitor placement, the sum
of number of loops and number of locations are the total
number of variables considered for searching. For
instatnce, the system with x loops and y locations have
x+y variables. The pseudocode of the opposition based
Differential Evolution algorithm for reconfiguration and
optimal capacitor placement problem has been given as:

Set Mutation (F), Crossover Rate (CR), maximal iteration number (Nmax),
variable size (V), population size (P), count =0

//Mnitial Population

Z(P, V) =random ()

//Calculate the fitness value for all population

Obj(Z(®))

//Opposite population

Zopp(P, V) = Opposite (Z(P, V))

/[Calculate the fitness value for all population

Obj(Zopp (P))

/fFind the best individual

Zbest (P) = best (Obj(Z(P)), Obj (Zopp(P)))

//Execute the following steps for fixed number of iterations (Nmax) till
(count<Nmax)

{

//Mutation operation for the Zbest

Zplus(P, V) = Zbest(P, V) + Fx(Zbest(P, i)-Zbest(P,j))

/fwhere i and j refers integers (<V) and i#j

//Crossover operation for the Zbest

Zplus(®, V) = Zbest(P, V), if(random()>CR)

//Process to identify best individuals

if (Obj(Z(P))>Obj(Zplus(P)))

Z(P, V)=2Zplus P, V)

//Opposition based Generation Jumping and selection of best individual for
next iteration

Zopp(P, V) = Opposite(Z(P, V))

Z(P,V) = best(Obj(Z(P)), Obj(Zopp(P)))

/fincrement the iteration count

count = count+1;

}

SIMULATION RESULTS

The effectiveness of the algorithm has been validated
through TEEE 33-bus Test Distribution Systems as
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described by Kasaei and Gandomkar (2010). The proposed
scheme has been tested on 33-bus IEEE radial distribution
system which has 5 normally opened switches, 32
normally closed switches with 33 buses and it is assumed
as balanced three-phase with 12.66 kV. The corresponding
power loss 1s 202.7 kW.

Case 1 (reconfiguration only): In this
reconfiguration was carried out by considering the system
working under normal conditions, i.e., all the branches are
being loaded without violating its limits, voltage at the
buses is within limit and the phases are balanced. As per
the PGSA, decision variables are designed for the system
which is shown in Fig. 3. The description of the switch
states 1s 1dentified as:

case,

e The open switches are S;;, Ss,, Sy, Sy and S,

e The closed switches are S,-S,,

e The permanently closed switches are S, S,, S,, S,
and S, (since these switches are near to the feeder)

e The temporary closed state switches are S,, S,, S;, S;,
S Se. Se, Sio, Si Sys, S Sy and S, (since these
switches are common to more than one loop

As aresult, the solution sets are re-defined as:

(10)

S, Sz4=S37}
315 9305 S5 st}

[72]

@ Bus or load center
— Close switch
-—-- Open switch

Fig. 3: IEEE 33-bus RDS with state variable sketch
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Equation 10 reveals that the system has five loops
with set of switches. The searching for the best set of
open switches from each loop has been carried out with
ODE. The number of switches present in each loop such
as 7, 6, 4, 7 and 8 defines the range for the variables.
Therefore, the range for the searching process is selected
as: (1-7), (1-6), (1-4), (1-7) and (1-8) for the variables L, L,,
L., L, and L, respectively. For instance for variable L, by
the control strategy DE/current-to-rand/1 the value
generated 1s 3 then S; is the switch assumed as opened in
the loop 1 and the same process is continued for the rest
of the variables. The initial population and their respective
losses were calculated and stored. With the initial values
of F = 0.8 and CR = 0.6 searching was done for the fixed
number of iterations. The loss has been reduced to
139.54kW from its initial configuration loss. The identified
switches to be opened are S, S,, S,,, S;, and S;,. The final
configuration current at the branches and voltage at the
buses are within the limits.

Case 2 (capacitor placement only): In this case, optimal
capacitor placement process starts with  finding the
optimal location through sensitivity analysis. The
sensitivity factors with normalized voltage at the buses
are shown in Table 2. The buses 5, 27 and 28 are identified
as candidate locations for capacitor location through
sensitivity analysis.

ODE tunes for the optimum capacitor size for the
identified locations. The proposed method reduces the
power loss from 202.67-159.89 kW and maintains the bus
voltages well above minimum value. The kVAR at the
buses 5, 27 and 28 are 2210, 47 and 687, respectively. With
the effective influence of capacitors at the optimal
locations the total operating cost of the system has been
reduced from 34,049.75-28,392.12 $/year. Thus, the
proposed algorithm has achieved 16.61% of cost saving
with optimal capacitor placement. The bus voltages are
maintained within the limit.

Case 3 (combined reconfiguration and capacitor
placement): This case combines both reconfiguration and
capacitor placement. As per this case, optimization
process starts from reconfiguration and completes with
capacitor placement. As per the reconfiguration, the
system has been restructured by making the switches S,,
Ss, Sy, Sy and Sy, are opened. The reconfigured system
has been considered for the optimal capacitor placement.
The sensitivity analysis has been carried out for the
reconfigured system in order to identify the optimal
locations for the capacitor placement. Loss sensitivity
factor along with Normalized voltage at the buses is given
in Table 3. From the Table 3, it is identified that the buses
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Table 2: Loss sensitity factor for the IEEE 33-bus RDS

Loss sensitivity Normalized voltage

Loss sensitivity Normalized voltage

LineNo. _ Start bus End bus factor (V] in pu/0.95) Line No. Start bus End bus factor (V] in pu/0.95)
1 0 1 266.19 1.05 17 16 17 43.82 0.96
2 1 2 1324.40 1.03 18 1 18 32.97 1.05
3 2 3 763.17 1.03 19 18 19 228.46 1.05
4 3 4 766.25 1.02 20 19 20 41.52 1.04
5 4 5 1677.15 1.00 21 20 21 35.99 1.04
6 S [ 133.08 1.00 22 2 22 264.16 1.03
7 6 7 410.75 0.99 23 22 23 473.76 1.02
8 7 8 455.70 0.98 24 23 24 237.98 1.02
9 8 9 437.52 0.98 25 5 25 267.93 1.00
10 9 10 76.85 0.98 26 25 26 367.21 0.99
11 10 11 130.51 0.98 27 26 2 1364.15 0.98
12 11 12 442.93 0.97 28 27 28 1030.98 0.97
13 12 13 136.18 0.97 29 28 29 603.49 0.97
14 13 14 78.92 0.97 30 29 30 303.13 0.97
15 14 15 88.85 0.96 31 30 31 64.53 0.97
16 15 16 115.60 0.96 32 31, 32 20.26 0.96
Table 3: Loss sensitivity factor for the reconfigured IEEE 33-bus RDS
Loss sensitivity Nommalized voltage Loss sensitivity Normalized voltage

LineNo.  Start bus End bus factor (V] in puw/0.95) Line No. Start bus End bus factor (V] in pu/0.95)
1 0 1 266.17 1.05 17 19 20 285.70 1.02
2 1 2 1029.37 1.04 18 20 21 225.57 1.02
3 2 3 539.40 1.03 19 2 22 261.98 1.04
4 3 4 526.85 1.03 20 22 23 469.79 1.03
5 4 5) 1124.98 1.02 21 23 24 235.97 1.02
6 5 6 25.00 1.02 22 S 25 247.26 1.02
7 7] 8 209.52 1.01 23 25 26 33831 1.01
8 10 9 5.29 1.01 24 26 27. 1252.23 1.00
9 11 10 25.20 1.01 25 27 28 943.69 0.99
10 11 12 228.35 1.01 26 28 29 549.62 0.99
13 12 13 58.70 1.01 27 29 30 234.69 0.99
12 14 15 123.45 1.00 28 30 31 44.05 0.99
13 15 16 178.78 v 1.00 29 20 7 673.33 1.01
14 16 17 81.40 1.00 30 8 14 357.09 1.00
15 1 18 126.07 1.05 31 21 11 538.14 1.01
16 18 19 1118.01 1.03 32 17 32 27.82 1.00
Table 4: Summary of results for 33-bus RDS

Initial Reconfiguration Capacitor Reconfiguration and capacitor Proposed reconfiguration
Parameters configuration only placement only  placement (Montoya and Ramirez, 2012) _and capacitor placement
Loss kW) 202.670 139.5400 159.890 101.499 101.420
Min. bus voltage (pu) 0.913 0.9378 0.933 0.957 0.959
Total capacitor size (KkVAR) - - 2940.000 1685.000 1027.000
Power loss cost (3/(kW-year)) - 23444.6200 26861.590 17038.560 17039.030
Capacitor Cost ($/year) - - 1529.870 722.840 159.940
Total annual cost ($/year) 34049.750 23444.6200 28,391.460 18761.400 18198.960
Saving (%) - 31.1400 16.610 44.900 46.550

27, 28 and 29 are the sensitive buses and effective for the
capacitor placement. With the influence of ODE the
optimal capacitor sizes are fine tuned.

The proposed method reduces the power loss from
202.67-101.42 kW and maintains the bus voltages well
above minimum value. The kVAR at the buses 27, 28 and
29 are 149 727 and 149, respectively. With the effective
influence of capacitors at the optimal locations the total
operating cost of the system has been reduced from
34,049.75-18,198.96 $/year. Thus, the proposed algorithm
has achieved 46.55% of cost saving with the combined
reconfiguration-optimal ~ capacitor placement case.
Furthermore, the bus voltages are maintained within
the limit. The results of the three cases are compared
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in Table 4 along with the results of the earlier published
research (Montoya and Ramirez, 2012). From the Table 4,
it is understood that the annual operating cost and power
loss has been greatly reduced with the combined
reconfiguration and capacitor placement approach.

CONCLUSION

An efficient approach that combines the
reconfiguration and optimal capacitor placement for power
loss reduction and bus voltage improvement has been
proposed in this study. The location identification for the
capacitor placement has been carried through the
sensitivity factor. The incorporation of ODE increases the
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speed of the searching process. The proper use of ODE
improves the efficiency in terms of reduced number of
load flow executions, reduced computational executions
and removal of unfeasible solutions in the search space.
The results obtained with the present approach when
compared with the previous methods proposed by the
authors shown that the introduction of the algorithm with
ODE has contributed to reduce the number of power flows
and has incorporated the network constraints. Hence,
with the effective ntroduction of the proposed algorithm,
loss reduction was done subjected under constraints
such as bus voltage limit and branch current limit and can
be applied to any large real radial distribution system
supplied from both single and multi feeders.

REFERENCES

Aoki, K., H. Kawabara and M. Satoh, 1988. An efficient
algorithm for load balancing of transformers and
feeders. IEEE Trans. Power Del., 3: 1865-1872.

Baran, M.LE. and F.F. Wu, 1989. Network reconfiguration
in distribution systems for loss reduction and load
balancing. IEEE. Trans. Power Delivery, 4: 1401-1407.

Cheng, H.C. and C.C. Kuo, 1994. Network reconfiguration
in distribution systems using simulated annealing.
Elect. Power Syst. Res., 29: 227-238.

Civlnar, S., I.J. Grainger, H. Yin and S.S.H. Lee, 1988.
Distribution  feeder reconfiguration for loss
reduction. IEEE Trans. Power Delivery, 3: 1217-1223.

Das, D., 2002. Reactive power compensation for radial
distribution networks using genetic algorithm. Int. J.
Electrical Power Energy Syst., 24: 573-581.

De Souza, B.A.,, H. do Nascimento Alves and
H.A. Ferreira, 2004. Microgenetic algorithms and
fuzzy logic applied to the optimal placement of
capacitor banks in distribution networks. IEEE Trans.
Power Syst., 19: 942-947.

Dura, H., 1968. Optimum number, location and size of
shunt capacitors in radial distribution feeders a
dynamic programming approach. IEEE Trans. Power
Apparatus Syst., 87: 1769-1774.

Farahani, V., B. Vahidi and HA. Abyaneh, 2012.
Reconfiguration ~ and  capacitor ~ placement
simultaneously for energy loss reduction based on
an improved reconfiguration method. IEEE Trans.
Power Syst., 27: 587-595.

Grainger, J.J. and SH. Lee, 1981. Optimum size and
location of shunt capacitors for reduction of
losses on distribution feeders. IEEE Trans. Power
Apparatus Syst., 100: 1105-1118.

Hong, Y.Y. and SY. Ho, 2005. Determination of
network configuration considering multi-objective in
distribution systems using genetic algorithms. IEEE
Trans. Power Syst., 20: 1062-1069.

78

Huang, K.Y. and H.C. Chin, 2002. Distribution feeder
energy conservation by using heuristics fuzzy
approach. Int. J. Electr. Power Energy Syst.,
24: 439-445.

Kasaei, M.J. and M. Gandomkar, 2010. Loss reduction in
distribution network using simultaneous capacitor
placement and reconfiguration with Ant Colony
Algorithm. Proceedings of the Asia-Pacific Power
and Energy Engineering Conference, March 28-31,
2010, Chengdu, pp: 1-4.

Montoya, D.P. and J.M. Ramirez, 2012. Reconfiguration
and optimal capacitor placement for losses reduction.
Proceedings of the 6th IEEE/PES Transmission and
Distribution: Latin  America Conference and
Exposition (T&D-LA), September 3-5, 2012,
Montevideo, pp: 1-6.

Prakash, K. and M. Sydulu, 2007. Particle swarm
optimization based capacitor placement on radial
distribution systems. Proceedings of the IEEE Power
Engineering Society General Meeting, June 24-28,
Deemed University, Warangal, pp: 1-5.

Qin, K. and P.N. Suganthan, 2005. Self-adaptive
differential evolution algorithm for numerical
optimization. Proceedings of the IEEE Congress
Evolutionary Computation, Volume 2, September 2-5,
2005, Edinburgh, Scotland, pp: 1785-1791.

Rahnamayan, S., HR. Tizhoosh and M.M.A. Salama, 2008.
Opposition-based differential evolution. IEEE Trans.
Evol. Comput., 12: 64-79.

Rao, R.8,, S.V.L. Narasimham, M. Ramalinga Raju and
A. Srinivasa Rao, 20l1la. Optimal network
reconfiguration of large-scale distribution system
using harmony search algorithm. IEEE Trans. Power
Syst., 26: 1080-1088.

Rao, R.S., S.V.L. Narasimham and M. Ramalingaraju,
2011b. Optimal Capacitor placement in a radial
distribution system using plant growth simulation
algorithm. Int. J. Electr. Power Energy Syst.,
33:1133-1139.

Salazar, H., R. Gallego and R. Romero, 2006. Artificial
neural networks and clustering techniques applied in
the reconfiguration of distribution systems. IEEE
Trans. Power Del., 21: 1735-1742.

Schmill, T.V., 1965. Optimum size and location of shunt
capacitors on distribution feeders. IEEE Trans. Power
Apparatus Syst., 84: 825-832.

Shirmohammadi, D. and HW. Hong, 1989.
Reconfiguration of electric distribution networks for
resistive line losses reduction. IEEE Trans. Power
Delivery, 4: 1492-1498.

Wang, C. and H.Z. Cheng, 2008. Optimization of network
configuration in large distribution systems using
plant growth simulation algorithm. IEEE Trans. Power
Syst., 23: 119-126.



i

e gotisdiail SO05 . mpilr 0
S eotmbasd”

Hatpr o

} ,ﬂmh T nc*muu! bires sxie muanyl) PRGT .

sswed .a;:mff

o = B .. o= - S
u *
. R
“ a
o o -
g . L ~ N
- 3 -

AR LT LU L %e-xéi'éxgt.al*f-;t
I’: bits A gaﬁuﬂ

geiar d fs,Jr}B‘“g%f*D»« FErat

e ygwadt wwoT aseld I il dosyighs
e o e S 3 B Y
e euuubotaas . 10T mdimebas sy M hiw L asees]

wiosgsy amsirilime gnis Swewian aordsd -
voelo S dew ﬂuﬂmu,:;:'lmﬁt bas xemavely
wreT it ' §7'{’=’1|m,§ 2
ARBE & sugnd rpend bas
Bk qr: '»hsmf«riu A0S

:uﬂin Vo

~

nr}im‘xﬁ'gﬁr«mu? LR
aEsiaubet zeeenl 1ol
bens: srotes mmpseT PO
bns sammgione s potmald
E asdmaigse

soyia et Tuk
i 3«3 agidy ri‘ ‘3"‘;—’:(,7”

: fr’.z!.f 1 aoa}’x?i
7 G dsAnut
A rlegdid

e
IROTEeYSiG Hilonmy

aloreS TOOE

AR

CBumsd penesioigg
o d HAHT it to z:«mbei soet] anvotee potidiisb
_ouul, riashs lm*'%sf SR g*—msnigr
Bt Jsgr'ms 174 *maﬁ et § Bsinee
ovigsbe-1ls?  POAL  oedineg? W9 buw .X J'H-f\',;f
Iesdmnin 0} swibnosls mm:tcz’m {stisreihb
'-'s‘r;gm-“ AHAL o8 To agaibssoctd achiesimigo
25 alrainse, L saplioV e ‘,,.,4.-.’:':.1)"zglu.);_.,.uﬁ"f

1T 2371 g bnsbioo® dgnslabd 2008

o LY

«3&}“ ,Mrm&. Al I bfm riafflﬁ.’.t X’ i ?h ?,ns’{sa uﬁu!ﬁh o

‘o:i

QT35 2 ! k;qmu

: .-bm(ﬂ'ﬂﬁ gwdsmﬂ M ,mfwxwm% JVEZ 25 o8

dowien  fBmim( | 87108 wsd ssdrE A
meteve aottixdrsed a‘.soz»sgmf Yo soisrgiacos:.
wwo aoerT 8331 auitrogls domes vaoarsi guiz

. BEDI-0801 9L eve -

' ' sismgnilsmsi M b medmivess¥ IV 2 28 osdl

isthsr 5w menwesiy wosgpD lemug) JUI0L

_nnmium drwoty fosly gnize mstage vorssdioeil | |
i '(ganﬂ 2wl M 4 oad  pwdiiiogls

QEM-EEIL EE

: i:mﬁmA G(JQS mm& 3 Wa;gsﬁef} 3 Y asssls?

ai betlays. zsugieios) soivstaudos bus sdhowrsn isvion

HAAD emmtere poiodidzl bo movwmiginoost sdi

EpTE2ETT I8 3eQ sewnT argaT
V T Hinelsd
1w wrenT Y1 ssled] podudiosty oo mﬁmeq;gs

1= SER-ECE BB | 642 uminmogA

L8t  zwH WM. hag \} mesrastdooaie
wi askicren rodndiraah srtosie o mespmiiere il

EHE] ebonbss adhesr sial svdaas
7 SR 0 Lk x,w“[gk
-}1- FE ey !"J e Ixn\yﬁ nl‘ﬂ'_i ‘q’“t .

BEGA 2Hle

Trns T e ,

Wi~ svetnthd,
.
i

“sosicEie nh

LB
- Jpemscsly
‘s bazsd notsube eeod y@ionw of esasiiwmiz

! \‘{m e 3"}!‘:5«

.

4

-‘.mm%igﬁ.x zai ' P

- HECE J"ff; %11 wqmq ST sesocvy, wuriowor a5 o bésﬁ*

o wdown beoubst 1o eamst ai yamsisdls st b:r‘ﬁ*qn‘t

SR It sl RGOS bsoubst &0 iz_mwa) Wil beol
BLR rowser ol reennshdes eidisestig o Irenasy ._m:e

" by stu&'}:;s saviueg %l dicw paneids afives s
, 5;1' (« ;334\@'(1 oo e tvary ardt e bemdmos

sk o netiubein 508 s avods ancabiis
eotirmiay ait sothyr 61 batndearns wd S0
ait ”Il;kl’-"'({f:z’
gt bseoguag
Shamingg b pstonben g0l
gee diaml misiEn dorused Bowdunt spiiio 7 {25 riopez
- ooidednivn lebsy few sgsl e o Lalepgw wd
st Bt obgatz dhiod wott budegpsn”

T et

it 1« n U)o
Byt =i 'u.‘ b3

Auiie 25

il pw

AW AT
M b smddeses A B A ol
beal il nalwgle

B oy
s »'rammznnz s ,Qmansfxg
STERESET £ QY wwest st B5ET sabes]
gotnngiinscs drowntsll QUL 0¥ A bis M Jsast]
kol bns poiimites wsol 10t smerer nobudnish o
FOR 08T b cnsvnisClnrod. aper T AT g
doitesrgiinovet howtnl! BET ool D D hes I H grul
m.ux,;.. Ealigiess s et seiseitel w
REC- ‘_" SR a8 i weet el
RYRY spd FLER2 bos oW H jegoeants 14 L2 dednD
wol Wl meomisglosyr  whest moidigaC
£CCLTIST £ pmwis wae't Fasl SHT nulaben

-bmxo}mﬁammm Tswog siiosed SO0 O e

1 and axliogls otwimyg aimen oA e aoiesdngel
ARRETR D e v wwod lsornssldd
bas < meld  olsatossl ob H A" Sl s
bus smlinagis. simmegonild BOOC stonod AH
1o tsuwoslg iesnigs Bl of boilggs signl \g_ss;cﬁ s
auey'l M akowisa souingat e clied wdis
ThR-SRE £ m&mﬁ

‘toamhmmxswi wdozuvaswmtgd 8801 H ewT

5 pwbest gobuxdisaib Teibi ub motosges Fauile
wwod sustT HEH dostwpqe grd atrmmngong simsnth

4 ST -Qc}'x' R ,“:J{Z such{j
danswid, K bes brs eV 8 .V fsdend
sooonase . bas -mi’rmgﬂﬂﬁﬂa‘}i

s BASD bodivm nettemgifoncis havomged e

TR B U e mwed

Ligs axie muodngC 801 ped HE bas 1 jogalind

To ameivs ot Ehoeges  winke Yo aciasel

ngT snl JHA evibest awn i’:}hxx')_rm wia
' BICL201T 00 sy idsmyg

R i3 N S % bos

o nousmsl

i sl tam getebisnoa avitsgliies
TERL semiitogle aisan g giier pmelag tndinely

P RN S R LA E Vol T s

duwrarson 48 u:ma;x«.};;pi el baegw.
= aselle-eal dipe

.

)



