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The distribution system represents the connection between the consumers
and entire power network. The radial structure is preferred for distribution
system due to its simple design and low cost. It suffers from problems of
rising power losses higher than the transmission system and voltage drop.
One of the important solutions to evolve the system voltage profile and to
lower system losses is the reactive power compensation which is based on
the optimum choice of position and capacitor size in the network. Different
models of loads such as constant power (P), constant current (I), constant
impedance (Z), and composite (ZIP) are implemented with comparisons
among them in order to identify the most effective load type that produces
the optimal settlement for minimization loss reduction, voltage profile
enhancement and cost savings. Dolphin Optimization Algorithm (DOA) is
applied for selecting the sizes and locations of capacitors. Two case studies
(IEEE 16-bus and 33-bus) are employed to evaluate the different load models
with optimal reactive power compensation. The results show that ZIP model

is the best to produce the optimal solution for capacitors position and
sizes. Comparison of results with literature works shows that DOA is
the most robust among the other algorithms.
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1. INTRODUCTION

Design of structure radial distribution system (RDS) is preferred n because of simple, low cost,
more effective for protective devices and guaranteed the minimum value of fault currents. The RDS is
sufferring from many issues, including high real losses, voltage perversion of system buses, lopsided load
and overload and these RDS issues can be resolved by employing many different methods [1]. These
methods used to solve the RDS problems are Replacement of Conductors (RC) in RDS, voltage regulator
(VR) for voltage control of generation unit, Distributed Generation (DG), techniques for reconfiguring
distribution system (DSR) and optimizing capacitor positioning (OCP) [2, 3]. The methods of RC and DG are
used in the special cases due to a huge cost for purchase and installation though receiving the benefit income
from provision do not covered of these expenses [4]. The most effective and economical technique is
the OCP where the cost of saving is exceeds the total investment cost.

OCP technique handled the reactive power that represented the most challenging mission in
the electrical power system operation and control. The OCP is a process of reactive power control (injection
or absorption) in the RDS that lead to voltage improvement and losses minimization [5]. In addition,
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the reactive power compensation enhances system stability with power factor improvement; therefore
the optimum picking of worth and location of capacitors is needful to achieve the objectives of RDS by
minimizing overall cost [6]. The implementation of OCP technique includes the calculation of numbers,
positions and values of capacitors needed to be positioned at the network nodes. Therefore, the installation of
capacitors in the inappropriate locations causes many problems in the system such as an increasing the real
losses and voltage drop of buses [7]. The minimization of the cost function while choosing the OCP for
improving the network voltage profile with a minimization of active real losses and increasing of the power
factor is provided in reference [8]. Optimal capacitor positioning and problem sizing solution is implemented
using genetic algorithm. Electrical transient analyzer program (ETAP) is used for the assessment and
resolving the network and genetic algorithm (GA) is utilized as a strategy for reducing the objective function
to a minimum.

Many optimization methods have been applied for OCP technique such as the voltage stability index
(VSI) providing optimum system buses for installation the capacitors whilst the cuckoo search (CS)
optimization algorithm used to select the optimum capacitor size on two IEEE standard networks (34 and 69
bus) [9]. In a subsequent study, index of loss sensitivity (LSI) with VSI are utilized to provide optimal
positions of capacitors whilst the optimum size in the IEEE-33 bus network was determined by bacterial
foraging algorithm (BFA) [10]. The improving of VSI and maximizing of the total saving cost have been
done based on artificial bee colony (ABC) algorithm, then LSI and VSI used to determine the location of
capacitors [11]. Several researchers used LSI to determine the candidates of buses for capacitors and particle
swarm optimization (PSO) optimization algorithm was applied to get optimum capacitor extent based on
objective reduction of losses with voltage enhancement function for 10, 34 and 85-bus RDS [12]. Literature
works dealt with OCP technique have some drawbacks such as break the constraint limits for buses voltage
and total size of capacitors. In addition, the objective functions (voltage profile enhancement and losses
reduction) that used in these works as an individual not group together.

In this paper, OCP technique was implemented using DOA algorithm to solve multi-objective
functions problems such as a reduce actual active real power losses, raise the cost savings annually,
and voltage profile enhancement while retaining the (RDS) qualifications. The DOA algorithm used
searching for optimum positions and sizes of capacitors on system buses without considering the VSI and
LSI indices that specified in the former studies. The offered technique has been implemented on 16 and 33
bus standard IEEE RDSs with four models of loads which are constant power model (P), constant current
model (1), constant impedance model (Z), and ZIP model for the purpose of identification the most effective
load which produces optimal solution for historic reduction of losses and improvement of voltage profile.

2. OPTIMAL CAPACITOR PLACEMENT FOR DISTRIBUTION SYSTEM

An electrical distribution power system is a connection between the consumers and the majority of
power system. The shunt capacitors provide the deficient amount of reactive power that rises the voltage
reduction and high power losses. Therefore, the optimal capacitor banks are incorporated into the radial
distribution system (RDS) for rising the power factor, enhancement of voltage profile, and loss reduction.
The previous access to this issue involves [13]:

- Analytical methods

- Numerical programming methods to minimize or maximize an objective function using iterative
techniques

- Heuristics techniques

- Atrtificial intelligent methods.

The optimal problem of capacitor placement investigates the best adjustment between capacitors
cost and their system benefits. Total cost of capacitor placement technique include purchase costs, fixed
installation costs, and operating costs. The cost function is represented as a step-like function instead of
a continuously differentiable function as virtually capacitors are assimilated in banks of standard discrete
capacity with non-linear capacitor bank size related costs [14].

3. MODELING OF LOADS IN A POWER FLOW ANALYSIS

The results of power flow and stability researches represent the choices needed for enhancement of
the system performance. So, all models of components must be incorporated in a one mathematical model to
represent the complete power system. Modeling of loads can has a considerable impact on the analysis
results. It gives many advantages like reducing losses, improving in the voltage profile, regulating the voltage
(under/over) the specified value and actual calculation of active and reactive power demand at individual
nodes. There are two types of models for load representation, the static and dynamic load model and this
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article concerns with static load model. The static load model is a most basic is the one used for power flow
solutions and has two types: exponential and polynomial load models [15].

3.1. Exponential load model
This model extracts the active and reactive power as a function for the voltage and frequency of
the bus bar. The design model of static load is given as function of exponential voltage (V)

Py=Py(V/V)"™? 1)
Qa=Qo(V/Vp)™ (2

where (P;, Q,) represents the desire of actual real active and reactive power of load, (P,, Q,) represent
active and reactive power consumption of load, (np,nq) represent active and reactive power exponent, V is
the supply voltage and V, is the rated voltage. The customary values of n, and n, are listed in Table 1.
These values are calculated based on the field of measurements with parameter estimation method.

Table 1. General values for different load exponents [16]

Load Ny, n,
Lamps (Flourcent) 2.07 321
Air conditioning 0.5 25
Coolers and Pumps 0.08 1.6
Lamps (Incandescent) 1.54 0
Light Bulbs 1 0.35
Small type motors 0.1 0.6
Large type motors 0.05 05
Constant P( Power) 0 0
Constant | (Current) 1 1
Constant Z(Impedance) 2 2

3.2. Polynomial load model

There are different kinds of loads in electrical power systems and each node has a certain
percentage of such loads and these changes over time. One of the most exceedingly used models is the ZIP
model and it is called ZIP that represents an integration of constant power load (P), constant current load (1)
and constant impedance (Z) models. This model is expressed as in reference [17]:

P=0P,V? +BP, V+7P, ©))
Q=aQo V? +BQy V+7Q (4)
at+pf+y=1 (5)

where (0, B and y) represent the proportion contribution of constant impedance (Z), constant current (I) and
constant power load (P) at any given system node. The real active and reactive powers are exclusive
examined based on the variations in voltage, but the difference in power based on the variations in frequency
is not investigated. In this paper the values of these parameters are selected: a=0.6, p =0.2 and y =0.2 which
produce the best results for losses reduction and voltage profile improvement.

4. DOLPHIN OPTIMIZATION ALGORITHM (DOA)

Dolphins originally explore all locations in the searching space around it to detect out the prey.
In the instant of a dolphin reaches the target, the dolphin narrow the searching process and increment
the swell clicks for the purpose of concentration on the prey location. This optimization method emulates
the control of tracking the dolphin echolocation relative to the distance from the bait [18].

The search space should be sorted before the start of an optimization process based on the following
arranging method [19]. During this process, sort the alternatives in the searching space with an inclined order
for each optimizable variable. If the alternates are more than one feature included, then the arranging based
on the extreme remarkable one is performed. By using this method, the variable j of vector A; and length LA;

is produced that includes all likely choises of the jth variable. Such vectors are positioned beside for each
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other alternatives matrix columns. The matrix of (MA — NV) that created in which MA represents
the maximum of (LA;);—,.yy and NV represents the number of variables. The rate of convergence must
decreased significantly with the optimization steps of the searching and as a result the curve should be
specified and this decreased is investigated as:

LooPP°VeT -1

6
LOOPsNumberPower —q ( )

PP (LOOP)) = PP, + (1—PP,)

where PP is the predefined probability, PP; represents the convergence rate of the initially loop in which
the solutions are selected randomly, LOOP; is the current loop number, power is the curve degree and
LOOPsNumber is the loop number for which the algorithm should be reached to the convergence point and
the selecting of this number is done by user based on the difficulty and complexity of computational efforts
that can be implemented from the optimization algorithm. The main steps of DOA algorithm are [20]:
Stepl: Initialization DOA setting parameters as listed in Table 2.

The initial swarm dolphin is generated randomly and evenly:

Swarm Dol = {Doly, Dol, ....,Doly} in the D-Dimensional space (7

Calculate each dolphin fitness and obtain:

FltK = {FitK’]_, FitK,Z ) see aee ) FitK,N} (8)
Step 2: Start chain

When the end condition is not achieved do the following:

Step 2.1: Search phase

Within the highest search time, the sound V; that Dol; makes search for a new solution at
time t X; ;. which equals

Xije = (Dol; + Vi)

and its fitness function can be calculated

Eijje = Fitness (Dol; + Vi) 9)

Fltl = {mln. { Eljt }, min. { Ezjt } ..min. { EN]t }} (10)
Fl.tL,i lf Fl.tL‘i< Fltk’]

Fitg,; = { . . (11)
Fity ; otherwise

Step 2.2: Call phase
DD; , o oo » DD;;

TSl._j _ Topeed if Fity ; < Fity; and TS;; > Tspeed 12
Fity otherwise

where TS;; is N XN —order matrix called the transmission time matrix represents
the residual time for the sound to be transferred from Dol; to Dol,;.
DD; ; is a distance between Dol; and Dol; which can be represented as follows:

DD = ||Dol; — Dol|,i,j=1,2 ...N, i#j

A is a constant symbolizing the acceleration that can cause sounds to spread more rapidly
when the speed is rather slow. Speed is a constant of the quality of speed sound.

Step 2.3: Reception phase
TS; ; reduces one unit time

Fity;, if TS;; =0 Fity, <Fity;
Fit,(,l-={ ! v ! ' (13)

Fity ; otherwise
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Step 2.4: Predation phase
Calculate DK; and DKL;,
if DK; <R,

R, = {1- 2} DK, (14)
where DK;,represents distance between Dol; and K; which can be expressed as:
DK;=||Dol; = K;|| ,i=1,2,...N
DKL; is the distance between L;and K; which can be expressed as:

DKL=|L; = K;|| ,i=1,2...N

R,: Represents the search process maximum range and can be calculated as:

R,=T, X speed

R, Represents the surrounding radius which, according to the known information, defines
the distance between the optimal solution of the dolphin neighborhood and its position
after the predation phase, and then gets a new position.

e: Constant referred to as (radius reduction coefficient) greater than two, typically set to

three or four.
Else if DK ; > DKL;

DK; DKLi—-DKi
R2 =1- Fitness(K;) Fitness(Li) DKl (15)

e.DK; Fitness(K;)

End if
Dol; gets a new position, calculate its fitness, and update Fity ;

output the best one of K; (i=1, 2...N) (16)

where K; represents the optimum solution
The optimal parameters of DOA are listed in Table 2.

Table 2. Optimal parameters of DOA

Parameter Value
Population No. 10
Predefined Probability 0.1
Max. loop=No. of Iteration (IEEE 16-Bus) 60
Max. loop=No. of Iteration (IEEE 33-Bus) 75

5. OBJECTIVE FUNCTIONS

The use of multi objective functions is useful reducing actual active real power losses and enhancing
of voltage profile based on the suggested optimization methods and techniques. Such objective functions
(ob. fun.) are:
a. Reduction of actual power losses (ob. fun.1):

ob. fun.1 = Py 17)
Pposs = Z;v:bI Piossi kw (18)
Prosst = 112 * Ry KW (19)

where: (P,,ss ) represents the total actual real power losses, (N,,) is the number of system branches, (R;) is
resistance of branch [ and(l,) is current flow in the branch L.
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b. Voltage profile improvement(ob. fun. 2):
The voltages buses must be within the acceptable range limits.

ob.fun.2 =V, * Re, + C; * Re; (20)

where:

V. :Limits of the bus voltages.

Cc :Limits of the branch currents.

Re, : Bus voltage retribution variable. If the bus voltage is within acceptable limits, this parameter is zero.

Re; : Factor of retribution for branches currents. It equal to zero if the thermal limit value is not reached by
current of branch.

¢. Annual saving cost increment (ob. fun. 3):

The objective of loss reduction using the reactive compensation is to increase the annual saving cost
that regarding to the cost of active power losses and investment cost of installed capacitors. The investment
cost of capacitors includes purchase cost, installation and operation cost of capacitors. The annual saving cost
is equal to the disparity between base case losses cost and losses cost application the proposed strategies
plus the investment costs as explained as follows [21]:

Cp = ICV=C1 Qc * Cpc $ (21)
Cr=Cp+ 205 (Cre +Co.) $ (22)
Cy=Cgp*Time * Pgs +C; $ (23)
Cu® = Cgp * Time * Py % $ (24)
Co? = Cgp * Time * Pppss® +C; $ (25)
ob. fun.3 = max(Cyg,) = Cs% —C,* $ (26)

where,

Cp : Total capacitor purchase cost in dollar ($).

Cp. : Capacitor purchase cost per kKVAr in ($/ kVAr).

C : Total capacitor investment cost in ($).

C,.  :Capacitor installation cost per location in ($/ Loc,).
Coc :Annual capacitor operation cost per location in ($/ Loc./Year).
C,%  : Annual losses cost before application any technique in ($)
C,* : Annual losses cost after application of the techniques in ($)
Csay - Annual saving cost in ($)
Cen - Energy losses cost in ($/kWh)
Time : Operation time per year in (h)
: Real power losses before application any technique in (kW).
: Real power losses after application of techniques in (KW).
N, : Number of injected capacitors.
Q. : Size of injected capacitors in (KVAr).
The sizes and costs of capacitors are shown in Table 3. The worths of cost parameters capacitors are
tabulated in Table 4 that used for whole cost calculations [22].

Table 3. Sizes and annual cost of fixed capacitors [23]
Size (kVAr)  Purchase Cost  Size (kVAr) Purchase Cost Size (kVAr)  Purchase Cost

($/kVAr) ($/kVATr) ($/KVAT)
150 0.5 1500 0.201 2850 0.183
300 0.35 1650 0.193 3000 0.180
450 0.253 1800 0.187 3150 0.195
600 0.220 1950 0.211 3300 0.174
750 0.276 2100 0.176 3450 0.188
900 0.183 2250 0.197 3600 0.170
1050 0.228 2400 0.170 3750 0.183
1200 0.170 2550 0.189 3900 0.182
1350 0.207 2700 0.187 4050 0.179
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Table 4. Normal cost-parameters worths

Parameter Worth
Cie 1600($/Loc,)
Coc 300($/ Loc,/year)
Cen 0.06($/kWh)
Time 8760(h)

The following objective functions which are reduction of the actual power loss(ob. fun.1),
improvement of voltage profile(ob. fun.2), and annual saving cost (ob.fun.3) are blended to form
the compound final objective function(ob. fun. ).

ob.fun.f = ob.fun.1+ ob. fun.2 + ob. fun.3 (27)

6. GENERAL CONSTRAINTS
The general restrictions(constraints), including advanced performance for the RDS are defined as
follows in terms of technical and operational restrictions(constraints).

6.1. Technical constraints

Such types of restrictions (constraints) are characterized as limiting variance and are splitted into
three categories:
a. Constraints of bus voltage

The voltage value for each one of the system buses should be inside their specified level range to
maintain the quality of power:

|ijin.| < |V}| < |ijax.| jerus: (28)

where (N,,) represents the number of buses on the system. The specific standard limits (min. - max.) of
the bus system voltage are (0.95-1.05) p. u.
b. Constraints of branch current

Branch current from the safety side must not surpass its limited value while at the same time
maintaining the consistency of load power delivery.

|Il| < IIlmax.I le Nbr. (29)

where (N,,.) is the number of system branches. Where the maximum capacity for each branch of power
system have been specified in the reference [24].
¢. Constraints for total sizing of capacitors

The total sizing of capacitors (Q.r) that incorporated in the RDS should not exceed than the actual
total reactive power of 10ad(Q;yq4)-

QCT < Qload (30)

6.2. Operational constraints

Such types of constraints are known as equality limits and are split into two types:
a. Radial constraints affecting all system loads

The radial configure condition of the system is validated through finding the determinant result of
bus incidence matrix [A] that have rows represent the number of branches and columns represent the number
of buses as follows [22]:

1 if branchiis out from bus j
[A]=49-1 if branch i is enter bus j (31)
0 if branchiis not connected to bus j

b. Constraint of balancing real power
PSup = Ppem + Pioss (32)

Where (PSup) is the total supplied of active real power to the network and (Pp.,,) is the overall load active
real power.
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7. RESULTS AND ANALYSIS

The DOA algorithm is implemented using m-file programs in MATLAB R2015b. This algorithm is
implemented to minimize the search space to choose the size and location of capacitors for two standard
IEEE RDSs (16 and 33 bus).The bus and line data are provided in reference to two test cases [25].

7.1. IEEE 16 Bus RDS

Figure 1 shows the RDS one line diagram of this network study. This network contains 3 feeders,
16 buses, 16 branches, 28.7 MW and 14.9 MVAR loads based on the rating values of 23 kVand 100 MVA.
Considering various load models (constant P, constant I, constant Z, and ZIP models), the network is tested.
Backward-Forward load flow method is used to analyse the network without and with capacitors that placed
in optimal locations based on dolphin optimization algorithm. Table 5 shows the obtaining results and
comparison among different load models without and with reactive power compensation by placement three
capacitors based on the optimal placement using dolphin algorithm.

It is inferred from Table 5 that ZIP Load is the most effective load for providing optimum solution
for significant loss reduction, voltage profile improvement and cost saving. Table 6 indicates the reactive
power compensation that made by optimal placement for three capacitors in the system buses based on

the Dolphin algorithm. Figures 2 to Figure 7 display network bus voltage profiles, branch currents, branch
power loss without and with the compensation of reactive power.

Feeder- I

\_AM@ Feeder- II@ {MAdz-Ijn@

$11

®

S13

© Q) @)

Figure 1. Single line diagram of IEEE 16 bus RDS

Table 5. IEEE 16-bus RDS results and comparisons among various load models without
and with reactive power compensation

Item Constant Power Load Constant Current Load Constant Impedance Load ZIP Load
Without With Without With Without With Without With

Active power 511.003 156.62 483.63 127.14 459.329 109.14 426.470 99.523

loss (kW)
Reactive power 577.99 152.56 547.62 123.87 520.615 105.55 483.106 97.129

loss (kVVAr)

Minimum 0.9617 0.962 0.96301 0.967 0.96418 0.9692 0.96537 0.9717
voltage (p. u.)

Maximum 1 1 1 1 1 1 1 1

voltage (p. u.)

Table 6. Optimal capacitor sizes, locations and costs in the IEEE 16-bus network

Constant Power Constant Current Constant Impedance
Item ZIP Load
Load Load Load
Capacitor Locations 9,13,8 9,13,8 9,13,8 9,13,8
Capacitor Size (kVAr) 750, 150, 1500 600, 150, 1650 900, 150, 1350 900, 150, 1350

C, (%) 583.5 525.45 519.15 519.15
ck 268583.229 254199.659 241418.59 224152.84
cA 88602.972 73050.234 63583.134 58528.438
Saving (C2-C{") % 67.01 % 71.26 % 73.662 % 73.889 %
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Figure 3. Voltage profile with reactive power compensation for IEEE 16-bus network
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Figure 7. Branch loss with reactive power compensation for IEEE 16-bus network
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These figures show the improvement in the voltage profile, decreasing of the currents in the system
branches and reduction in the active power losses for the system branches after reactive power compensation
using optimal capacitor placement technique for different load models. In addition, the results indicated that
ZIP model is the best one among all load models for the voltage profile and reduction of losses without
reactive compensation and it produced the superior solution after optimal reactive power compensation.

The comparison between the proposed DOA with different methods in the literature such as
improved binary particle swarm optimization (IBPSO) [25] algorithm and ant colony search algorithm
(ACSA) [26] are listed in Table 7. The comparison of results with some literature works by using different
load models for distribution system instead of using constant power loads which showed the robustness and
effectiveness of the proposed dolphin algorithm to achieve the best settlement to get worthy losses rebate,
better buses voltage values, and cost savings.

Table 7. The comparison of different algorithms for optimal reactive compensation in 16-bus system

Parameters Base Case IBPSO [26] ACSA [27] DOA (ZIP Model)
Power losses(kW) 511.003 448.07 448.1 99.523
Location of buses - 4,7,8,9,13 15,21, 26 9,13,8

Capacitor sizes (KVAr) - 1500, 900, 1800, 900, 900 NR* 900, 150, 1350

NR*: Not Reported.

7.2. IEEE 33 Bus RDS

The RDS single line diagram for second case study is shown in Figure 8. This system contains
(1 main, 3 lateral) feeders, 33 buses, 37 branches, (3715 kW, 2300 kVAr) loads based on the system rating
values of (12.66 kV, 100 MVA). The procedures for reactive power compensation are implemented through
the placement of three capacitors with considering all the load models. Dolphin optimization algorithm is used
for the optimal selection of capacitor placement based on the objective functions of losses reduction and voltage
profile enhancement. Backward-Forward load flow method is used to analyze the network without and with
capacitors that placed in optimal locations based on dolphin optimization method. Table 8 shows the obtaining
results and comparison among different load models without and with reactive power compensation.

19 20 21 22
Su | Sw | S | S |

Substation

26

Figure 8. Single line diagram of IEEE- 33 bus RDS
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Table 8. IEEE 33-bus RDS results and comparisons among various load models without and with reactive
power compensation

Constant Power Constant Current Constant Impedance ZIP Load
Item Load Load Load
Without With Without With Without With Without With
AC“VE(E&‘;‘)’” loss 202677 12367 176627  104.33 156.87 91.27 151.14  86.377
Reac“‘(’ke\%‘;‘)’er loss 135.14 12809 117514 10845  104.175 94.96 100474  89.909
Min.voltage (p.u) 0.913 0.95 0.9193 0.95 0.9244 0.95 0.9256 0.95
Max.voltage (p.u.) 1 1 1 1 1 1 1 1

From Table 8 it is concluded that ZIP Load is the most effective load to produce the optimal
solution for significant loss reduction. Table 9 indicates the reactive compensation that made by optimal
placement for three capacitors in the system buses based on the Dolphin algorithm. Also, this table shows
the effectiveness of DOA algorithm for achieving the significant loss reduction and more saving in the total
capacitor sizes with ZIP Load than others load models. Figure 9 to Figure 14 show the voltage profile of
system buses, branch currents, branch active power loss without and with reactive power compensation.

Table 9. Optimal capacitor sizing and locations in the IEEE 33-bus network

Item Constﬁgzticlj:’ower Constzli_r:)taﬁurrent Constanli ;r:dpedance ZIP Load
Capacitor Locations 24,31, 13 24,31, 13 24,31, 13 24,31, 13
Capacitor Size (kVAr) 450, 750, 150 450, 750, 150 450, 750, 150 450, 750, 150

c, 3) 395.85 395.85 395.85 395.85
cE 106527.03 92835.15 82450.87 79439.18
cA 71096.802 60931.69 54067.36 51495.6012
Saving (C£-C{) % 33.25% 34.36 % 3442 % 35.176 %

These figures show the improvement in the voltage profile, decreasing of the currents in the system
branches and reduction in the active power losses for the system branches after reactive power compensation
using optimal capacitor placement technique for different load models. In addition, the results indicated that
ZIP model is the best one among all load models for the voltage profile and reduction of losses without
reactive compensation and it produced the superior solution after optimal reactive power compensation.
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Figure 9. Voltage profile for IEEE 33-bus network without reactive power compensation
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Figure 10. Voltage profile for IEEE 33-bus network with reactive power compensation
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Figure 11. Branch loss without reactive power compensation for IEEE 33-bus network
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Figure 12. Branch loss with reactive power compensation for IEEE 33-bus network
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Figure 13. Branch current without reactive power compensation for IEEE 33-bus network
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Figure 14. Branch current with reactive power compensation for IEEE 33-bus network

The comparison between the proposed DOA with different methods in the literature such as group
search optimization (GSO) [27] algorithm and modified flower pollination (MFP) [28] algorithm are listed in
Table 10. The comparison of results with some literature works by using different load models for
distribution system rather than using the constant power loads that demonstrated the superiority and
effectiveness of dolphin algorithm to achieve the optimum solution to reduce significant losses, enhancement
of voltage profile and saving cost.

Table 10. The comparison of different algorithms for optimal reactive compensation in 33-bus system

Parameters Base Case GSO Algorithm [28] MFP Algorithm [29] Dolphin Algorithm (ZIP Model)
Power Losses (kW) 202.6771 143.76 139.57 86.377
Candidate Buses - 8,30, 31 6, 28, 29 24,31,13
Capacitor Values (KVAr) - 900, 760, 250 750, 150, 850 450, 750, 150

8. CONCLUSION

The improvement of voltage profile, achieving more power losses reduction and minimization
the total cost in the radial distribution system considering different load models have been presented in this
paper based on the reactive power compensation technique. As the nature of different loads, the inaccurate
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detailed for load modeling leads to wrong results with waste of investments and costs. The dolphin
optimization method is applied for optimal reactive compensation by minimizing the search space for
selecting the optimal size and location of capacitors. This technique has been employed for IEEE 16 and 33
bus test systems. The results show the effectiveness of the proposed method to obtain the optimal locations of
capacitors in distribution systems and its capability to solve multi-objective problems. The comparison
results among the different load models confirmed that ZIP model is the best to produce the optimal solution
for placement and size of capacitors. Furthermore, the comparison of results with literature works has shown
that the DOA has a greater ability to obtaining the optimum solution for significant reduction of losses,
cost savings and improvement of voltage profile.

REFERENCES

[1] F. Saccomono, “Electric power system, analysis and control,” Wiley-IEEE Press, 2003.

[2] S. S. Nuchhi, et al., “Effect of reactive power compensation in voltage profile,” International Journal of
Engineering Research7 Technology (IJERT), vol. 2, no. 6, pp. 2627-2634, 2013.

[3] T. Husain, et al., “Power flow analysis of distribution system,” International Journal of Advanced Research in
Electrical, Electronics and Instrumentation Engineering, vol. 5, no. 5, pp. 4058-4065, 2016.

[4] D. Das, et al., “Simple and efficient method for load flow solution of radial distribution networks,” International
Journal of Electrical Power & Energy Systems, vol. 17, no. 5, pp. 335-346, 1995.

[5] J. L. Guardado, et al., “An Encoding Technique for Multiobjective Evolutionary Algorithms Applied to Power
Distribution System Reconfiguration,” The Scientifics World Journal, vol. 2014, pp. 1-9, 2014,

[6] N. I. Voropai and B. B. Undraal, “Multicriteria Reconfiguration of Distribution Network with Distributed
Generation,” Journal of Electrical and Computer Engineering, vol. 2012, pp. 1-8, 2012.

[7]1 Y.Y.Hong, etal., “Enhanced Particle Swarm Optimization-Based Feeder Reconfiguration Considering Uncertain
Large Photovoltaic Powers and Demands,” International Journal of Photoenergy, vol. 2014, pp. 1-10 2014.

[8] M. J. Tahir, et al., “Optimal capacitor placement in a distribution system using ETAP software,” Indonesian
Journal of Electrical Engineering and Computer Science (IJEECS), vol. 15, no. 2, pp. 650-660, 2019.

[9] T. Du, et al., “Improved Quantum Artificial Fish Algorithm Application to Distributed Network Considering
Distributed Generation,” Computational Intelligence and Neuroscience, vol. 2015, pp. 1-13, 2015.

[10] T. T. Nguyen, et al., “Multi-Objective Electric Distribution Network Reconfiguration Solution using Runner-Root
Algorithm,” Applied Soft Computing, vol. 52, pp. 93-108, 2017.

[11] A. Roosta, et al., “Optimization of Radial Unbalanced Distribution Networks in the Presence of Distribution
Generation Units by Network Reconfiguration using Harmony Search Algorithm,” Neural Computing and
Applications, vol. 31, no. 5, pp. 7095-7109, 2018.

[12] N. I. Voropai and B. B. Undraal, “Multicriteria Reconfiguration of Distribution Network with Distributed
Generation,” Journal of Electrical and Computer Engineering, vol. 2012, article ID 317315, 2012.

[13] S. Nawaz and A. Tandon, “A Solution to Capacitor Placement Problem for the Minimization of Power Loss in
Distribution System,” Skite Research Journal, vol. 4, no. 2, pp. 38-42, 2014.

[14] H. Zayandehroodi, et al., “Particle Swarm Optimization Algorithm for Optimal Capacitor Placement on Electric
Power Distribution Networks,” International Journal of Scientific & Engineering Research, vol. 5, no. 8,
pp. 381-386, 2014.

[15] N. A. Roustami and M. O. Sadegh, “The effect of load modelling on load flow results in distribution systems,”
American Journal of Electrical and Electronic Engineering, vol. 6, no. 1, pp. 16-27, 2018.

[16] U. Eminoglu and M. H. Hocaoglu, “A new power flow method for radial distribution systems including voltage
dependent load models,” Electrical Power System Research, vol. 76, no. 1, pp. 106-114, 2005.

[17] S. Mok, et al., “A new approach of power flow analysis of balanced radial distribution systems,” Electric Machines
and Power System, vol. 28, no. 4, pp. 325-340, 2000.

[18] K. Lenin, et al., “Dolphin echolocation algorithm for solving optimal reactive power dispatch problem,”
International Journal of Computer, vol. 12, no. 1, pp. 1-15, 2014.

[19] A. Kaveh and N. Farhoudi, “A new optimization method: Dolphin Echolocation,” Advances in Engineering
Software, vol. 59, pp. 53-70, 2013.

[20] T. Wu, et al., “Dolphin swarm algorithm,” Frontiers of Information Technology & Electronic Engineering, vol. 17,
no. 8, pp. 717-729, 2016.

[21] D. Das, “Optimal Placement of Capacitors in Radial Distribution System Using a Fuzzy-GA Method,”
International Journal of Electrical Power & Energy Systems, vol. 30, no. 6-7, pp. 361-367, 2008.

[22] A. A. El-Fergany and A. Y. Abdelaziz, “Artificial Bee Colony Algorithm to Allocate Fixed and Switched Static
Shunt Capacitors in Radial Distribution Networks,” Electric Power Components and Systems, vol. 42, no. 5,
pp. 427-438, 2014.

[23] A. Elsheikh, et al., “Optimal capacitor placement and sizing in radial electric power systems,” Alexandria
Engineering Journal, vol. 53, no. 4, pp. 809-816, 2014.

[24] M. Sedighizadeh, et al., “Reconfiguration of Radial Distribution Systems with Fuzzy Multi-Objective Approach
Using Modified Big Bang-Big Crunch Algorithm,” Arabian Journal for Science and Engineering, vol. 39, no. 8,
pp. 6287-6296, 2014.

Int J Elec & Comp Eng, Vol. 10, No. 5, October 2020 : 5032 - 5047


https://www.sciencedirect.com/science/journal/15684946
https://www.sciencedirect.com/science/journal/15684946/52/supp/C
https://link.springer.com/journal/521
https://link.springer.com/journal/521
https://link.springer.com/journal/13369

Int J Elec & Comp Eng

ISSN: 2088-8708 O 5047

[25] M. F. Sulaima, et al., “A 16kV distribution network reconfiguration by using evolution ring programming for loss

[26]

[27]

(28]

[29]

minimizing,” International Journal of Applied Engineering Research, vol. 9, no. 10, pp. 1223-1238, 2014.

M. Sedighizadeh, et al., “Optimal reconfiguration and capacitor placement for power loss reduction of distribution
sytem using improved binary particle swarm optimization,” International Journal of Energy and Environmental
Engineering, vol. 5, no. 1, pp. 1-11, 2014.

C. Chang, “Reconfiguration and capacitor placement for loss reduction of distribution systems by Ant Colony
Search algorithm,” IEEE Transactions on Power Systems, vol. 23, no. 4, pp. 1747-1755, 2008.

Y. M. Shuaib and M. S. Kalavathi, “Optimal Capacitor Placement In Radial Distribution System Using Group
Search Optimization Algorithm,” International Journal of Scientific & Engineering Research, vol. 5, no. 4,
pp. 77-83, 2014.

G. Namachivayam, et al., “Reconfiguration and capacitor placement of radial distribution Systems by Modified
Flower Pollination Algorithm,” Electric Power Components and Systems, vol. 44, no. 13, pp. 1492-1502, 2016.

BIOGRAPHIES OF AUTHORS

Waleed Khalid Shakir Al-Jubori was born in Babil,Iraq in 1964.He received his B.sc degree
from University of Baghdad, College of Engineering in 1987. He received his M.sc degree
from University of Technology in 2005 and his Ph.d degree from University of Technology in
2017. He is a teacher in Department of Electrical Power Engineering Techniques , Al-Mussaib
Technical College, AL-Furat Al-Awsat Technical University in Iraq . His areas of interest
include power system stability and control, FACTS devices, and application of artificial
intelligent algorithms in power system analysis.

Ali Nasser Hussain was born in Iraq on April 30, 1974. He received his B.Sc. and M.Sc. in
Electrical & Electronics Engineering, University of Technology, Baghdad, Iraq, in 1998 and
in 2005 respectively and his PhD degrees in Electrical Engineering from University Malaysia
Perlis (UniMAP), Perlis, Malaysia in 2014. Since 2004 he is a senior lecturer in the Electrical
Engineering Technical College at Middle Technical University. His current research interests
include power system operation and control, electrical power system stability and intelligent
optimization, renewable energy, robust control.

Optimum reactive power compensation for distribution system using ... (Waleed Khalid Shakir Al-Jubori)



