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Abstract: Sufficient reactive power requires to maintain system
terminal voltages. Reactive power isan important ancillary service
requires to be provided locally. Reactive power management
involves two main important parts economical reactive power
procurement and economical reactive power dispatch which also
satisfy technical constraints. Main centering of this work is to
dispatch reactive power by considering it as important
optimization problem of power system. ORPD is solved as single
objective function and multi objective function. Two main
objective functions (1) Minimization of real power loss and (2)
Diminution of L-index are considered and problem is tested for
different |EEE bus systems and results were compared for SPEA
and NSGA-I| techniques.

Keywords :Genetic Algorithm (GA), Particle Swarm
Optimization (PSO) and Differential Evolution (DE), Strength
Pareto Evolutionary Algorithm (SPEA), Non-Dominated Sorting
Genetic Algorithm -1 (NSGA-I1) )..

. INTRODUCTION

Reactive power management means to procure economic
reactive power and dispatch it optimally. Many researcher has
calculated procurement cost for reactive power from different
reactive power sources like synchronous generator,
Synchronous condensers, Capacitors and FACTS devices.
And total cost is minimized by considering reactive power
transmission charges (RPTC). Reallocation of reactive power
generation enhances voltage stability which can be achieved
by changing generator voltages, transformer tap settings, and
switchable reactive power sources in system.By providing
reactive power need locally and by rearranging of reactive
power supply in the system, losses can be minimized. ORPD
problem can be solved by optimizing various functions like
system cost minimization, improving the voltage stability,
losses minimization.[1] The reactive power dispatch
problem can be resolved optimally by Non-Linear
Programming technique which has many limitations as long
execution time, insecure convergence properties, and
algorithmic complexness.
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Whilein, the gradient-based methods gives local minimaand
the solution obtained will not be the optimal one. And in
sengitivity analysis method, the linear objective function is
used and constraints are around an operating point[2-5]. Inthe
third type of method -Heuristic methods have been
implemented to get impressive optimal solutionin the
problem space [4].

Power flow optimization is main problem of interest in
power system and it can be subdivided into two sub problems,
active power and imaginary Power Dispatch [6]. Reactive
power support is necessary to hold voltage stability and
reliability of the system. Hence it is important to optimize
reactive power need of system which isvery challenging task
for system engineers to perform. The active power can be
controlled by bus voltage angles and reactive powers can be
controlled by voltage magnitude [7]. Reactive power can be
controlled by changing excitation of generator, by setting taps
of transformer, and using reactive power sources like
capacitor and FACTS.

A. Reactive Power Optimization Selecting a Template

RPD issue is optimization problem and tried to solve using

various classic method and several evolutionary computing
based optimization techniques. These techniques include
Artificial Bee Colony (ABC), Differential Evolution (DE),
Genetic  Algorithm (GA), Particle Swarm Optimization
Maintaining the Integrity of the Specifications.(PSO) and
Teaching Learning based optimization (TLBO) etc. [8].
Artificial Bee Colony is an optimization algorithm basis on
honey bee swarm intelligence. Genetic algorithm is natural
genetic and selection mechanism-based optimization method
while Differential Evolution algorithm is population basis
agorithm which creates off-springs from parent providing
divergent operator. The Particle Swarm Optimization
contains a realistic and energetic technique for universal
optimized solution of particular problem. This evolutionary
technique are widely used to reduce the difficulties of
classical methods. Evolutionary agorithms have been
implemented to environmental and economic power dispatch
problem with impressive success.

Optima RPD can be handled as single-objective or multi
objective insingle objective optimization problem [9]. Many
researchers have solved ORPD problem by considering
different objective functions like active power loss
mini mi zation, reactive loss diminution, betterment of voltage
profile, minimization of system cost and improvement of
voltage security as single objective optimization or as
multiobjective optimization. In [10], conventiona interior
method is compared with PSO and the result of both
algorithms are compared for different |IEEE standard bus
systems.
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While In[11], Minimization of the lossesis used as objective
function and results are compared for SARGA and
evolutionary programming for both IEEE 14 & 30 bus
system. .

Zita A. Vae [12] has compared results using Genetic
Algorithm and Linear programming method for |EEE 14 bus
system. W.N.W Abdullah applied Genetic Algorithm on
|EEE 14 and |EEE 30 bus systems to minimize the losses and

results have compared [13].

The voltage profile improvement ismain goal of Chao-Rong

Chen and to achieve it simple Genetic Algorithm and
modified Genetic Algorithm are used [14].
Various voltage stability indexes are used to analyze system
stability. These indexes show closeness of the system to
voltage postration. D. Devargia has used L-indices to
determine the voltage stability by applying GA on IEEE 30
bus and 75 bus system[15]. The Optimal Power Flow has
been evaluated by P. Aruna Jeyanthy [16] using GA and PSO
and tested on | EEE 30 bus system.

Many researchers have interpreted optimal RPD issue as a
multi objective problem and variety of objectivefunctionsare
considered in various research papers like loss minimization,
improve voltage profile, minimize the system cost and
improve voltage stability. M.A.Abido [18] introduced the
multi objective optimal RPD and optimized active power 10ss
and voltage stability. SPEA isused to solve the RPD issue and
algorithm was applied on Wale hale 6 bus system and IEEE
30 bus system. In another paper [19] he introduced the novel
multi objective evolutionary a gorithm for a OPF where afuel
cost minimization and stability index of voltage improvement
areobjectivefunctions. The problemis solved by using SPEA
and applied on IEEE 30-bus and show that results obtained by
proposed multi objective approach. Are superior than single
obj ective optimization approach.

In this paper, two objective functions -real power loss
minimization and Lindex minimization are considered and
problem has been evaluated by taking alternator bus voltage,
transformer taps and capacitors banks volt as control variable.
The equality constraints consist the power flow equations.
While, Inequality constraints contains the reactive power
limits of aternators, bus voltage limits, and transformer tap
position limits. SPEA and NSGA |1 used to optimize the goal
for IEEE30 bus and |EEE 57 bus system.

I1. MULTIOBJECTIVE OPTIMIZATION

Multi objective problem can be developed as,
Min/M Max  f(X)=[ £ (X), £ (X),...., fa(X)]

Subjct to gj(x)<0 Where,j=1,2,3,....,j

hyi X)=0 , where k=1,2,3,....k
Where i (x), £(x),...., fa{x) are the objective function
to maximize or minimize particular values. Basically, in
multi objective optimization, efforts are made to find the set
of trade-off optimal solution by considering all objective to
be important. Then, single best solution is selected from
higher-level qualitative consideration. In a multi objective
optimization algorithm compatible Pareto fronts are
identified in the objective space for specific objective
function. Following objectives can be achieved in a multi

objective optimization:
1. The final best Pareto set is true pareto set and is
subset of the Pareto optimal set.
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2. In best-known Pareto set, solutions should be
unvaryingly spreaded out and PF provide the decision maker
to get true picture of trade-offs.

3. Best-known PF is to be capture the whole expansion
of the PF. Thisrequiresfinding out the solutionsat the end of
the objective function space.

[11.PROBLEM FORMULATION

A. Formulation of objective function
Real Power Loss Minimization:
Reduction in active power loss enhances reactive power
flow capacity of transmission line. Reactive power
optimization problem also considers active power losses
minimization of transmission line and is calculated as
follows: - [11-19]
F1= Min (Ploss)
Bosz = L gm [(V5)* + V)

Where, ¥ is sending end bus Voltage and ¥ represents

receiving end Voltage; m= conductance of line m; f=
phase angle of line m.
Voltage Stability Index (Lindex ) Minimization: -

A system experiences voltage instability when thereis a
fluctuation in load demand. Voltage drop problemis merely
due to shortage of reactive power. Abundant numbers of
Voltage stability indexes are used to improve the voltage
stability. To improve voltage stability, voltage stability
margin need to increase and system should be away from the
voltage collapse point [18-19].

For multi bus system, Current vector can be given by
following equations.

— 2VsVr)cos 6] (1)

T =VYoue* Ve

Ll vl
o @
Where, Vs , V1, Generator and load bus voltages;
Ig Iy: Generator and load bus current

_ye -—4{ + 68 —6)

L—indicesla'—|

i-1 “Ji ] (3)
Where, Fi: obtain from the matrix fis .
Fg= (¥, 17 [¥,] (4
Hence objective function is minimization of Lindex, that
is,

2= Min (Lindex)
B. Problem Constraints
Equality constraints. - Power flow equation,

P.Iﬂl' _Pd[ - Fl E 1"1 {G[L‘ cos 9[;; + B[F{ Siﬂel';l-:] =10 (5)

Qai — Qai — V; Z Vi (G, siny, —
Where, fz & @ are the generator real and reactive power
load bus real power; Fo & @o are the load bus active and
reactive power; Gii is transfer conductance; Zii s

susceptance.
Inequality Constraints:-

Generation Constraints;- Generated voltage ¥z and reactive
power output @ are restricted within their limits.

By cos8;) =0 (6)
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‘.i’.fi“"’ = Vg Evfijju ©)

Q" = Qg = QE" ®)

Switchable VAR sources constraints:- Its compensation are
restricted within its boundaries:

Qf" = Q¢, =Qf" 9)
Transformer Constraints;- Tap setting of transformer are
restricted within limits.

TE < Tp < TR (10)
Load bus voltage:- It is a state variable. Its consist load bus
voltage constraints.

VI =V, S VR (11)

.1V PROPOSED METHODOLOGY

A. Overview

Classical methods possess many difficulties which can be
eliminated by Evolutionary Algorithms efficiently and is
summarized as follows:

1. Multiple Pareto-optimal solutions can be achieved by
applying an algorithm many times.

2. All classicd methods need basic understanding of
particular problem require to be solved.

3. Performance of individual objective optimizer decides
the range of solutions.

Shape of pareto optimal front effects results of some
algorithms. Generally, multiobjective optimizations seeks to
maintain diversified population of non-dominated solutions
in aview to achieve pareto optimal front.

B.Strength Pareto Evolutionary Algorithm (SPEA)

SPEA is multi objective optimization technique to
search multiple Pareto optimal results. In this technique to
get new non-dominated solutions, individual based upon
number of pareto points are developed and fitnessvalues are
assigned for each individuals. Many other multi objective
EAs, solved out the diversity problem using fitness and
distance Metric is used to define neighborhood where
population is uniformly scattered about near optimal set.

Generally, agorithm is described in the following
steps.

Step 1:-Initialization
Select random initia population £ within reliable range.
Step 2: - External Update
The Pareto sets located outside sre updating as.

(& Hunt population of non-dominated individuals and
transcript into external Pareto set.

(b) Remove all controlled solutions from the set and find
out new non dominated individuals of external Pareto set.
(c) Externally stored individuals are more than specified

maXx. size then using clustering decrease the set.
Step 3:- Selection

Selection is made based on competing pool between
members of pool depend upon fitness function f (%) of
initial population and fitness function f(F") of offspring
population.

Best solution is selected using decision rule form
numbers of individual sand new offspring for new generation
will be created.

Step 4:- Crossover and Mutation
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The new population is formulated based on crossover
and mutation operation.
Crossover: -
Linear combination of two chromosome are create two
new children:

Fi=ar¥i+(1- a)* ¥z (12
Vizagt®z+(1-a).* %1 (13)

Where aisrandom weighting in interval [0,1].

As shown in equation (12) & (13) Two existing
chromosome are taken from the population and create new
offspring. Select random position in two chromosome and
swap this location which create new children.

Mutation:- After crossover, mutation is applied to each child
individually to maintain genetic diversity between different
generations. At initial state level change one or more gene
values in a parent with a small probability. Change the
randomly select string and bit position and changing from 0
or 1. This operation may change solution entirely from the
previous solution.

Step 6: - Group of Pareto optimal is much more than the pre
specified values of individuals thus problem is solved by
decreased no. of set of non-dominated solutions.

Useless pareto results should be detonate from
nonsubjective space and get a final value. If al PFs are
constant, basically it is not possible and require for al
non-dominated solutions should be kept in main storage.

Initialize population
gen =)

Current population
Determination of non-
dominated solutions

0

Extend population L

Selection

Crossover & Mutation

Select the best

compromise
solutions

Next gen = gen+1

Fig. 1.Flow chart of SPEA
C. Non-Dominated Sorting Genetic Algorithm-I1

Is gen <

max een?
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Non-Dominated Sorting Genetic Algorithm depends upon
classification of legion layers of the individuals. Fig. 2.
Shows algorithmic steps of NSGA |l method.These
individuals shared with their duplicate fitness value. The
non-dominated solution is use to ranked up of population
and maintain diversity. Based on the method of reducing
duplicate fitness functionusing non-dominated sorting
efficiency of algorithm is decided.

v

INITIAL
POPULATIOPN=0
s 4

IDENTIFY NON DOMINATED
SOLUTIONS

¥

CHECK
STOPPING
CRIETERIA

A

DISPLAY
RESULT

h 4

| { CROSSOVER & MUTATION J

i

SET NEXT GENERATION

i=i+l

Fig. 2 Flow chart of NSGA-I|
MOGA is more efficient than NSGA and it is more sensitive
to sharing factor value.

Steps of NSGA-I are:

Step 1. Select random initial population.
Step 2: Fix fitnessvalue of each population based on value of
objective function.
Step 3. Check the stopping criteria then stop and display the
final value.
Step 4: Crossover: Select two chromosomes randomly and
using crossover operator, create new offspring.
Step 5: Mutation: From the initia population randomly
select one parent solution to create a single offspring.
Step 6: N solutions are selected from generated population
depending upon their fitness function and back to step 2.

V.RESULT AND DISCUSSION
The suggested methods are checked on various standard | EEE
bus systems like |IEEE 14, |EEE 30 and | EEE 57 bus system.
Here the program was written on MATLAB R2015. Results
of the control variables available from from optimizations are
shown below:

A.Control variables before and after Optimization using
SPEA and NSGA-II
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Tablel :- Control Variables after and before

Optimization
System Control Before After Optimization
Parameter Optimization SPEA NSGA-II
Ver 1.06 1.062 1.061
|EEE 14 Ver 1.045 1.0458 1.042
:;Sstan Ves 1.01 1.046 1.026
Ve 1.07 1.077 1.072
Ves 1.09 1.0949 1.0924
T 0.978 0.9914 0.979
T 0.969 0.985 0.973
T3 0.932 0.987 0.957
Ver 1.06 1.06 1.06
Ve 1.045 1.0535 1.0493
Ves 1.01 1.0236 1.0201
Ve 1.01 1.0421 1.0444
Ves 1.082 1.089 1.0821
IEEE 30 Vas 1071 10722 1.0691
bus
system T 0.978 0.9783 0.9781
T 0.969 0.9731 0.971
3 0.932 0.936 0.933
Ta 0.968 0.972 0.969
Ve 1.06 1.062 1.059
Ve 1.045 1.046 1.039
Ves 1.01 1.0146 1.0136
Ves 1.07 1.071 1.0691
IEEE 57
bus Ves 1.01 1.011 1.0122
System Ves 0.985 1.0379 0.9679
Ver 0.98 0.9878 0.982
Ves 1.005 1.0333 1.0123
Vo 0.98 1.0351 1.0217
Ve 1.015 1.0267 1.0211
T 0.97 1.0046 0.9369
T 0.978 1.0536 1.0353
3 1.043 1.0435 1.0357
Ta 1.043 1.0439 1.0421
Ts 0.967 1.0094 0.9692
Ts 0975 1.0128 1.0087
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Table 1 showsthe values of voltagesfor IEEE 14, 30 and 57
bus system before and after optimization using SPEA and
NSGA Il both techniques. While Table 2 represents best
suitable solution for IEEE 30 bus system as |oss minimization
and Lindex minimization using SPEA technique. Figure 4
represents the best optimum solution for this two fitness
function using SPEA.

Tablell:- Best compromise solution using SPEA

Control Best Py Best Lingex Best
Parameter compromise
Ve 1.0592 1.0598 1.0600
Vi 1.0551 1.0490 1.0535
Vo 1.0276 1.0179 1.0236
Vs 1.0600 1.0252 1.0421
Viia 1.0600 1.0580 1.0589
Viia 1.0559 1.0590 1.0599
Tig 0.9191 0.9711 0.9523
Te 1 0.900 0.9301 0.9031
Ty 12 0.9000 0.9494 0.9186
Ty7_a2g 0.9000 0.9124 0.9003
P;(MW) 6.9781 7.4886 7.1755
Lm dex 0.1846 0.1761 0.1791
0.185 T
]
0.184 | %
0.183
X X
0.182
X
é 0.181 &
2 "x
4 o18f %
X
0179 X&()&
0178} %
Xox
01477 X e
X
0.176 : : : : -
0.069 0.07 0071 0.072 0.073 0.074 0.075

Real(Active) Power loss

Fig. 4 Best compromise solution using SPEA

Table 3 shows the results of best compromising solution for
|EEE30 bus system using NSGA 11 while figure 5 represents
optimized results.
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Tablelll :- Best compromise solution using NSGA-I|
Control Best P; [Best Lingex Best
Variable compromise

Vir 1.0455 1.0599 1.0593
Via 1.0575 1.0453 1.0493
Vig 1.0274 1.0128 1.0201
Vig 1.0552 1.0118 1.0444
Ve 1.0548 1.0461 1.0511
Veia 1.0549 1.0546 1.0591
Te_o 0.9379 1.0155 0.9787
Te_mn 0.9963 1.0053 1.0082
Ty 12 0.9218 1.0386 0.9830
Ta7_2 0.9318 0.9697 0.9265
PL(MW) 7.4659 8.1968 7.6211
Lingex 0.1945 0.1771 0.1827
0.196
L]
0.194
X
0.192
019 N:
0.188 X
3
2ossf X
_n‘ X
0184 %
0.182 .o X
018} *
X X
0178 v =

0476 L L L L L L .
0074 0075 0076 0077 0078 0079 008 0081 0082
Stop Pause Real(Active) Power loss

Fig. 5:- Best compromise solution using NSGAI |

B. Optimize the objective function using SPEA and NSGA-I|

method

Fig 6 shows power loss comparison for all three bus
system for both SPEA and NSGA |l techniques. Fig.7
represents values of voltage stability index (Lindex) for
IEEE 14,30 & 57 bus system with SPEA and NSGA I
technique.

Power Loss minimization

y O
0

14 bus 30bus 57 bus
IEEE system

W NSGA Il SPEA

Fig. 6 Comparison of real power lossusing SPEA and
NSGA-I1I
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Voltage Stability Index Minimization

Ilala

57 Bus 30Bus

L-Index

With NSGA Il
With SPEA
14Bbus
IEEE bus system

B With SPEA B With NSGA Il

Fig. 7 Comparison of L-index using SPEA and NSGA-I|
Voltage profile of control variables
Fig. 8, Fig.9 and Fig 10 show voltage profile results before
and after optimization using SPEA & NSGA |11 for IEEE 14
bus system , IEEE 30 bus system and |IEEE 57 bus system
respectively.

Voltage Profile of IEEE 14 bus system

11
: 1
NSGA Il
02 SPEA
Before optimization

038
VG1VG2ZVGAVGs T1 T2 T3

Voltage(PU)

Control Variable

M Before optimization SPEA  ENSGA Il

Fig.8 :-Voltage profile after and before using of SPEA
and NSGA 11 method

Voltage Profile for IEEE 30 Bus
system

Wy

Control Variables

Voltages (PU)

Before Optimization = With SPEA  m With NSGA II

Fig.9 Voltage profile using SPEA and NSGA-II
method For 30 bus system
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VoltageProfile fro IEEE 57 Bus system

Voltage (PU)
= =
o = =

=1
oo
VGl

Control Variable

Before Optimization MWith SPEA  EWith NSGA Il

Fig. 10 Voltage profile using SPEA and NSGA-I1
method For 57 bussystem

V1. CONCLUSION

This paper carried out the Reactive Power Dispatch problem
solved by two main objective functions and it is carried out
by two different techniques. MATLAB program is
developed and optimized the real power loss and voltage
stability index using Strength Pareto Evolutionary Algorithm
(SPEA) and Non-Dominated Sorting Genetic Algorithm-I1
(NSGA-I1). Results have been compared for |EEE 14,30 and
57 bus system. Result shows that SPEA is better for solving
the Reactive Power Dispatch problem.
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