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In this paper the objective is to solve an optimal power flow problem (OPF) as load varies.
It is indeed necessary to know the present operating status of the system for secure
operation. A novel Improved Wind driven optimization (IWDO) algorithm is proposed to
solve highly nonlinear OPF problem. The standard IEEE-14 bus system is considered for
the study. The load variation is considered from base case to 150% of base case. With
these load perturbations the voltage deviations and fuel cost variations are observed. From
the obtained results it can be observed that, as the load varies from minimum level to
maximum the total fuel cost goes on reduces for OPF compared to load flow. At the same

time the total voltage drop also high for lower loading levels and reduces as load goes on
increases compared to OPF.

1. INTRODUCTION

The load flow solution is a vital aspect of the power system
operation and control. It involves finding the voltage
magnitudes and angles at various buses and calculating the
power flows in various transmission lines [1]. These are very
helpful to decide the slack bus generation after knowing the
losses in a system. By knowing all these parameters in a given
power system, it facilitates the power system operating
engineers to take proper planning and operation decisions for
secure operation. There are certain substantiated approaches to
solve the power flow solution with reasonably accurate results.
Specifying those Gauss seidel (GS), Newton—Raphson (NR),
Decoupled and Fast Decoupled (FDLF) methods [2].

As the load varies, the various operating parameters of
power system will get change. For satisfactory operation of
system, these parameters should be within the prescribed
limits. In this paper, the effect of load variation on different
electrical parameters is analyzed.

This work is organized as follows. Section 2 presents
generalized objectives of OPF, The mathematical modeling of
OPF with imposed constraints is demonstrated in section 3.
The IWDO algorithm is presented in section 4. Finally the
results and discussions are briefed in section 5.

2. OPTIMAL POWER FLOW PROBLEM

The OPF problem is to determine the optimal setting of
various electrical parameters [3] such that it yields to the
optimum result of considered objective/s. mathematically, it
can be represented as:

Optimize whether to minimize or maximize the objective
function [8-11]

S (x,u)
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Subjected to the constraints 4(x,u) = 0 and g(x,u) < 0.

‘h’ represents the set of equality constraints and ‘g’ is a set
of inequality constraints with ‘x and «” dependent and control
variables respectively. The objective may be any one or the
combination of the following [4].

(1) Minimizing the operating cost of a power plant.
(2) Minimizing the total transmission losses.
(3) Maximizing the load ability of the existing

transmission system.

(4) Minimizing the emission levels of power plant.

Thee quality constraints include, real and reactive power
balance has to be satisfied. At the same time the inequality
constraints include real, reactive power generation and bus
voltage limits, tap setting positions of tap changing
transformer, Thermal limitation of each line and finally the
limitation on capacitance generated reactive power if exists. In
the present work the solution of OPF has been carried out with
the objective of minimizing the total running cost [12-15].

3. MATHEMATICAL FORMULATION OF OPF
The mathematical modeling of present OPF problem [5],
which is highly nonlinear, is to minimize the total cost in

normal case as well as in contingency case,
Minimize the total fuel cost Fr with NG number of units,

M

The fuel cost function of it generator, to generate P; MW is

F(Pi)zal.x132+bi><Pi+c[ Rs/ hr )
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where, a;, b; and c; represents the cost coefficients of i unit.
Subjected to the equality constraints of real and reactive
powers.

NG NG
ZEZPD+E; ZQi:QD+QL (3)
i=l i=l

The total generation with NGnumber ofunits is equal to sum
of total real power demand Pp, and total transmission loss P;.
Same holds for the reactive power also.

The inequality constraints include active, reactive powers
and bus voltages should be within limits.

EMin S})[ SBMax; QiMin SQI SQI-MM; ViMin SV! SV‘M[LX (4)
Tapping setting of Tap changing transformer

The thermal capability of each transmission line in terms of
MVA

Max
S, <S}! (©)
Limitation on shunt capacitor generated reactive power
Min Max
i <06 <0 (7)

4. IMPROVED WIND DRIVEN OPTIMIZATION
(IWDO)

The Wind Driven Optimization (WDO) algorithm [6, 16-17]
is proposed by inspiring from the natural behavior of the
moment of air particles in the atmosphere. The motion of an
air particle is influenced by the factors such as frictional forces
caused by the neighbor air particles, force due to pressure
gradient, forces due to gravity and coriolis forces. The velocity
and position of each air particle is governed by the following
equation.

cu tmherdim
— ®
r

Vt+1 :(l_a)Vz - & +RT‘1_1('xopt _xz)+
r

X = xt + I/1‘+1 (9)

t+1

IWDO is proposed to obtain the better convergence
accuracy with faster rate by adding a new factor known as
‘Wind Factor (Wy) ‘to WDO [18]. With the enormous testing
on different standard functions, its value is identifies to vary
in between 0 to 2. The modified velocity expression is given
as [19]:

other dim

cu
Ed t
—W x1)+7

V. =<1—a)V,—gx,+RT\1 1 (10)

r

Co

Vi (11)

xt+1 = xt +
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The step wise procedure of IWDO described in following
steps.

Step 1: Initialize the IWDO attributes.

Step 2: Construct the objective function or pressure function.

Step 3: Generate initial air particle positions and their
velocities randomly.

Step 4: Calculate the fitness value of each air particle.

Step 5: The current velocity should be updated using
equation 10.

Step 6: Check whether velocity is within limits or not.

Step 7: Update the position of air particle with the help of
expression 11.

Step 8: Check whether particle position is within limits or
not.

Step 9: Iterate the above procedure until the convergence
criteria satisfies.

5. RESULTS AND DISCUSSIONS
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Figure 1. Standard IEEE 14 bus system
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Figure 2. Fuel cost for load flow and OPF with load change

The proposed method is implemented on standard IEEE 14
bus system [7]. It has 1 slack bus, 4 generator bus and 9 load
buses with 21 transmission lines. The single line diagram is
shown in Fig 1. The simulation has been carried out in two
cases. In case (i) load flow problem is solved to know the static
behaviour of the system. In case (ii) OPF problem is also
solved with the objective of minimizing the cost by imposing
the required constraints. Both the cases are executed by
varying the load. Finally the two cases results are depicted in
Figure 2 and Figure 3. From Figure 2, it can be observed that
for lower loading conditions the load flow solution yields to



higher total voltage drop. As the loading reaches to higher
value, OPF problem yields to larger total voltage drops. From
Figure 3, It can be observed that, the load flow results into
higher fuel cost compared to optimal power flow as its
objective itself is to minimize the fuel cost.
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Figure 3. Total voltage drop for load flow and OPF with load
change

6. CONCLUSION

In this paper a novel improved wind driven optimization
algorithm is used to solve optimal power flow problem. The
standard IEEE 14 bus system is considered for the analysis. By
increasing the load from base value to 150 % of base load, the
load flow and OPF has been compared. The total voltage drop
and total fuel costs are observed for the two cases. It is
concluded that as the objective of OPF is to minimize the fuel
cost, as the load increases, the fuel cost of OPF is less
compared to load flow. The total voltage drop is less for lower
and more for higher load changes. The work can be extended
in future by using hybrid and sophisticated softcomputing
techniques for deregulation system also.
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