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ABSTRACT

In this paper, a differential evolution algorithma$ been implemented to determine the optimum
solution for scheduling of generator unit with nmmim operating cost. The proposed algorithm is
implemented to identify the location of Flexibléefhating Current Transmission systems (FACTS)
devices with regard to less fuel cost and powes lngimization. It is based on steady state power
injection model of UPFC. It has a great flexibilityat can control both generating powers and bus
voltage simultaneously. The feasibility of thiscalthm has been verified on IEEE 30 bus system
with and without FACTS device.
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INTRODUCTION

Evolutionary algorithms are optimization techniquessed on the concept of a population of
individuals that evolve and improve their fitnessough recombination and mutation. These
individuals are evaluated and those that perforiteb@are chosen to compose the population for
next generation. After several iterations the imdlrals improve their fithess as they explore the
solution space for optimal value. The field of extanary computation has experienced significant
development in the field of optimization. These aagpable of solving complex optimization
problems such as those with a non-continuous, worex and highly nonlinear solution space.
These algorithms have been improved by using gh@imputation to search the solution of global
optima with great convergence characteristics wiiab been successfully implemented to solve
the economic dispatch problem [1-12].

Optimal Power flow (OPF) has become one of the nrmpbrtant problems in planning process of
modern power systems. It is the fundamental toal émables electric utilities to specify economic
operating and secure states in power systems. Tdia objective is to optimize the desired
objective function such as fuel cost with valve ntogffects, piecewise quadratic cost function,
voltage profile improvement by satisfying equalignd inequality constraints with proper
adjustment of control variables. The inequality stomints involve the transformer tap ratio,
generating powers and bus voltages.
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MATERIAL METHOD
Optimal Power Flow with FACTS Controllers

The OPF is one of the nonlinear constrained opttion problem of power systems. It requires the
result obtained by solving the nonlinear equatitreg specify the secure operating level of the
power system.lt is formulated as constrained op@ton problem

Minimize S(v, y)

subjectto a(y) =0

b(y) =0

wherev - set of control variables
y - set of dependent variables
S(V, y) - Objective function

UPFC

UPFC comprises of two converters which is voltagsdda combined by a linking capacitor. In that
one act as a series compensated device [TCSC] vdpehates either as inductive reactance or
capacitive reactance by adjusting the variabletee@e part of the corresponding transmission line
and the other act as shunt compensated devices] [[B"Ccontrols the voltage either by adding or
removing the reactive power from the correspondiiagsmission line[2]. The variable reactance in
the series compensated device can be written as

Zij = ZL + jXTCSC

XTCSC = r TCSCX l
whereZ, - line impedance
X:esc - line reactance of the located transmission line

M csc — degree of compensation of series connecteaelevi

The shunt connected devices act as variable sastapthat add or removes the reactive power in
the corresponding bus to maintain the secure [@veperation which is written as

AQIS = QSVC
WhereQ

SsveC

— injected reactive power of SVC in the correspog bus
Hence the limit of the compensating device is gilign

~0.8X, € Xeee < 0.2X,

~200MVAR< Q, < 200MVAF

The location for fixing the compensating devicethe network is identified based on the value of
control parameter. This is calculated based onitldex value of the stability limit of each
transmission line. UPFCs are placed in worst valuesiand the areas of tightly loaded to decrease
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the tension in the network. By running the loadvflorogram the stability index is predicted for all
the lines by connecting the compensating devicethadndex value with higher is selected for
placing the device[9].

Mathematical Formulation:

Fuel cost reduction is our objective function tkatisfies the equality and inequality constraints.
The function is expressed as

MinY @Rz + BB + )8/
i=1

Subject
Pa-P-3TVIYIY [0 ~5+5 3R = Qa-QH+IIVIV I IS -g+5 3 .Q =

Pg™ < Pg 2 Pg™i=12,...,ng
Qg™ <i=1,2,..nt
qui” <Q¢= Qe™i=12,...,nc

min max
Vse < Vse2 Vse

min max
Hse < Hsez Hse

Where

a, b, ¢ - coefficient of fuel cost
g - number of generating bus

Pgi& Qgi— generatedrealandreactivepov
Pdi& Qdi- realandreactivepowerdema

Pgi™, Pgi™™,
Qgi™", Qgi™™ - generatindim its

Vim" & ViM™voltagdim its
Qci™ & Qci™ - injectingreactivepowdim i

EVOLUTIONARY ALGORITHM OVERVIEW

The Evolutionary algorithm has been developed bigePand Storn, based on the population
generated which is similar to GA. The DE dependsmutation operation as a search mechanism
and selection operations to direct the search twee prospective regions in the search space. The
idea behind DE is generation of trial vectors andill the step the vector updates by summing
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weights and randomizing the vector differentialfythe obtained fitness value of the present vector
is better than that of the decided vector, thendén@ded value is replaced by present vector in the
next generation. The DE algorithm is described as

Initialization: The initial population is generatemhdomly within the specified constraints
U =U, +rand0,21*(U" -y®)
whererand[0,1] - indicates the random value of uniform distribatbetween [0,1]
() (h)
U;’ &U;™ - lower and upper boundary

Mutation: In this algorithm the process of mutatiento avoid the breaking up of search by the
introduction of new parameters into the generation

AWASE (h) + f *(U(h) (h)
I

u,."U.,"Mandu, " _ gelected vectors randomly among the generatpdiation

If r,#r,#r,, calculate the vectorial difference between thatjustment factor selected between
the range[0,2] such thaf >0 is a real parameter due to the possibility cfating new

generations. Cross Over: It creates the trial yectioy combining the parent vector with mutant
vector based on the probability distribution. REach of the mutation vectoy,™ choosing of

index number is followed based on uniform distibat snrb(i){l,2,...nfand trial

value,x ™ =[x, ", x, D x DT is generated using the equation
x, " = v "if (rand0,1]< MR or( j= snrlf ))
=U,©else

Selection: The selection operator identifies theigalar vector that is going to decide the next
generationvector. These vectors are selected fhentrial value and the current population. In this
stage each of the present value is compared wétfiqurs value using the equation.

U-(h+1) - )ﬁ(h+1)if (f (X (h+1)) < f(U (h)))
=U,Melse
wheref - value of fitness.

RESULTSAND DISCUSSION

Proposed DE algorithm has been implemented for IBEBus system in the working platform of
MATLAB 6.5. Total system demand is 2.834 p.u at M)@A base and the voltage limit of all load
buses are considered to be 1.1-0.90 in p.u. Itefterg stage all the lines are checked for redocti
of cost and increase in power flow, location fastalling UPFC and amount of voltage and angle to
be injected in the bus is obtained using DE baged. O

Initially the OPF i.e, real power, setting of tréarsner tap, added reactivepower, economic fuel cost
and loss of power for standard IEEE bus system paeelicted excluding and including the

4



M.Karthikeyan et al J. of Eng. & Techn. Res., 2016, 4(2):1:8

compensating device such as UPFC. It is identiied there is reduction in the loss of power and
the requirement of real power generation by theitimed of the compensating device and also
significant reduction in the cost and improvemenvoltage profile for increased number of buses.
The operating costs of the best solution in themabioperation without and with UPFC is $807.157
and $803.031 per hour respectively. Similarly tlosver loss has decreased from 10.525 MW to
9.331 MW due to the involvement of the FACTs device
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Figure No.1.Flowchart
Table.1DE controlParameters

S.No DEParameter Value

1. PopulationSize 30

2. Maximum 500
Generations

3. CrossoverRatio 0.5
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FigureNo.2. Standard Test Systems

Table 2. Comparison of result with and without UPFC

. Without With
Quantity UPFC UPFC
Pgi(MW) | 173.976  172.7683
Pg2(MW) 47.79856 48.61468
Pg3(MW) 21.90069 21.79669
Pg4(MW) 25.16695 24.69203
PgS(MW) 12.84381 12.54689
Pg6(MW) 12.23936 12.31197
TotalGeneration
Cost($/hr) 807.854 802.9464
Power
Loss(MW) 10.5253] 9.330555
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Table 3.Comparison of OPF Solution
S.N Parameter With With

0 IPEC UPEC
164.678 | 172.768

48.372 | 48.6147
.| Real Power| 23.795 | 217967
"| Generation(MW) 22.431 | 24.692
15.735 | 12.5469
16.569 | 12.312
1.043 1.049
Generatol 1.032 | 1.035
2. Voltagegp.u)| 1.012 | 1.007

0.987 1.017

1.019 1.026

1.070 0.981

T . 1.028 1.035
ransformer

3. Tap Setting 1.008 1.006

(p.u)| 1.009 | 0.983
0.959 | 0.9928

4. Total Real

PowerGeneratio
(MW) 291.678| 292.703
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Figure No.3. Characteristics of Convergence for iterations di 50
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CONCLUSION

In this paper, DE algorithm has been implementeddémtify the optimal location for UPFC to
reduce the overall operating cost and power logkarpower system. Here the steady state power
injection model of UPFC has been incorporated theo OPF to exploit the new characteristics of
FACTS devices. The result obtained shows the éfflmoess and robustness of the proposed DE
technique and also demonstrates the feasibilityssf minimization in other power system network.
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