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ABSTRACT

Economic Dispatch (ED) optimization problem is the most
important issue which is to be taken into consideration in power
systems. The problem of ED in power systems is to plan the
power output for each devoted generator unit in such a way that
the operating cost is minimized and simultaneously, matching
load demand, power operating limits and maintaining stability.
In this paper, the traditional economic dispatch problem has
been modified to minimize generation cost and line flow. As the
two sub-problems have conflicting objectives, fuzzy decision
making multi-objective optimization has been applied to get
single optimal solution from conflicting objectives of
generation cost and line flow. Practicably, it has been tested on
IEEE 30-bus system. The results describe the capability of the
proposed approach of reducing line flow while maintaining
economy in the load dispatch.

Keywords
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1. INTRODUCTION

The aim of power industry is to generate electrical energy at
minimum cost while satisfying all the limits and constraints
imposed on generating units. Economic Load dispatch (ELD) is
the one of the optimization problem in power industry. ELD
determines the optimal power solution to have minimum
generation cost while meeting the load demand. Due to
emerging technology, various techniques have been proposed by
several researchers.

The problem of economic load dispatch becomes multi-
objective optimization problem with conflicting objectives of
generation cost and line flow. Various optimization techniques
have been described by many researchers to deal with multi-
objective optimization problems having varying degree of
success.

In this paper fuzzy decision making technique has been applied
to solve the multi-objective optimization problem with
conflicting objectives of generation cost and line flow. Fuzzy
decision making technique is considered to be more effective
than other techniques as far as conflicting objectives are
included in the optimization problem. The proposed technique
optimizes the said objective functions under a set of system
constraints such as real and reactive power balance equations
and generating capacity limits. The

performance of proposed technique is tested on IEEE 30-bus
system.
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2. PROBLEM FORMULATION

The aim of the proposed multi-objective optimization problem
is to determine the power generation levels, which will
minimize the generation cost and line flow, subject to real and
reactive power balance and generation capacity constraints. The
problem formulation has been sub-divided into following three
parts:

1)  Decreasing fuel cost.

2)  Minimization of line flow losses.

3) Apply Fuzzy decision making technique using Linear
Membership Function.

2.1 Economic Load Dispatch
As the main objective minimize the conflicting objectives of
generation cost and line flow, subject to real and reactive power
balance and generation capacity constraints. Hence theobjective
function is taken equivalent to the total cost for supplying the load
demand which is represented by F;(P,; ). It can be formulated as
follows:
Minimize

Fi(Pgi) = ainzi + bini
Where

a;, b;, c;are the fuel cost coefficient.

Py; is the real power output of the generator.

+ ¢ (21)

2.1.1 Real power dispatch:
The basic purpose of the real power dispatch problem is to
schedule the outputs of thermal generating units so as to meet
the system load at minimum cost. Real power dispatch is
defined as following by using load flow equations.
Pei — Pgi — Vi Xh=1 Vin Yim cos(0y, +3 —3) =0 (22)
Where
i=1,2,3....n
Pg; is load demand of real power at the i bus
P; is generation of real power at the i bus

V, is magnitude of votage at i bus
3; is voltage phase angle at it" bus

Y,,, is admittance matrix of it" and m™ busReactiv
e power dispatchReactive power dispatch is treated as an
optimization problem that reduces grid congestion by
minimizing the active power losses. The Reactive power
dispatch requires solving the power flow problem and for this
reason is usually known as optimal reactive power dispatch
problem or as an optimal power flow problem. The reactive
power dispatch is used to solve the power flow equations. Hence
as a result an improved voltage profile can be obtained. Reactive
power dispatch is defined as following by using load flow
equations.
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n
Qi = Qui + Vi ) Vi i IOy, + 8, = ) = 0
m=1

23)
Where
i=1,2,3....n
Qg; is total system generation of reactive power bus.

3; is voltage phase angle at i™bus.
V, is magnitude of votage at bus i bus.
Y, is admittance matrix of i and m™ bus.

2.1.3  Power balance constraints
The total power generation must be equal to total demand and
real power loss in transmission line.

%\IzGl PGi = l:)D + l:)Loss (24)
2.1.4  Generation capacity constraints

To stabilize the operation, the generator output, bus voltage
magnitudes and voltage angles are restricted by upper and lower
limits. These upper and lower bounds are defined as following:
P < By < P (25)
Where
i=1,2,3....n
P;™ is minimum output power of thegi™ unit
P3'®* is maximum output power of thegi™ unit
Voltage magnitude must satisfy the inequality
Vimin < Vl < Vimax

Where
i=1,2,3....n
V™ = minimum voltage of thei™ unit
VX = maximum voltage of the it unit
The power system equipment is designed to operate at fixed
voltages with allowable variation of +(5-10) % of the rated
value.

Voltage angle also satisfy the inequality
M < 5 < M (2.6)

Where

i=1,2,3....n

8™ = minimum voltage angle of thei™ unit
3 = maximum voltage angle of the it unit

2.2 Line Flow

Whenever the network component is overloaded then line flow
losses occurs in the network. In a competitive market, line flow
has its own importance because of the complexity involved.
This line flow may be due to overloading of transmission line.
Line flow is managed at the dispatch stage In this paper to
reduce the line flow we minimized the line flow in branch 2
from bus 1 to bus 3.

2.2.1 Computation of Line Flow:
Consider that line is connecting the buses | and M. The Real
power is injected from bus | to M and is given as following.

Pim + jQim = Vl[(vl - Vm)Yim + ViYimO] (27)
Reactive power is injected from bus M to bus | as following
Poi + Qi = Vi [(Vin = Vi) Yimi + Vi Yini0](2.8)
Where
Y, 1S the series admittance
Yimo is the shunt admittance

V, is the voltage at the i™h bus

Sim = Pm +)Qim (29)
Smi = Pmi +)Qmi (210)
Power losses in the (I-M)th line is the sum of the power flows in
the (I-M)th line from the it" bus and the m™ bus.
Pim = Sim+Smi(2.11)

2.2 Fuzzy Decision Making Technique Using

Linear Membership Function

Fuzzy multiple objective linear programming formulates the
objectives and the constraints as fuzzy sets, characterized by
their individual linear membership functions. The decision set is
defined as the intersection of all fuzzy sets and the set defined by
relevant hard constraints.

2.2.1 Linear Membership Function

Logical decision making can be defined by fuzzy sets using the
operating conditions. The fuzzy sets are defined by equations
called the membership functions. These functions represent the
degree of membership in some fuzzy sets using the values from
0 to 1. The membership value 0 indicates incompatibility with
the sets, while 1 means full compatibility. When neither is true, a
value between 0 and 1 is taken. To find out the membership
function of cost and line flow first step is to find the minimum
and maximum values of cost and line flow.

1 fi (X) <

min
fi

B, (x) =< L2 60 emin £ (x) < £,

(f]max _flmm )

(2.12) 0 f,(x) > £,

N—
Where

f,(x) =value of an original fuel cost which is varying
;™" = value of an original fuel cost that is completely
satisfactory

£;™**= value of an original fuel cost that is completely
unsatisfactory

2.3 Methodology

Stepl. Input parameters of system, fuel cost co- efficient and
specify lower and upper boundaries and define minimum fuel
cost function.

Step2. Get the power generation for six generating units and
total fuel cost and total losses.

Step3. For minimizing line flow we have to check whether any
line is overloaded or not.

Step4. If overload exists, find the minimum value of line flow
by using equations

Step5.As the fuel cost and line flow are the conflicting
objectives so an optimal solution cannot be obtained, hence to
obtain the optimal solution linear membership function is
applied.

Step 6.The Value of membership function is obtained using
equation (2.12) for fuel cost and line flow which lies on one
optimal point.
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3. RESULT AND DISCUSSION

The fuzzy decision making technique is tested on four different
test cases for six unit system of economic load dispatch and line
flow problem. The test case 1 considers only operating cost
without line flow and losses, test case 2 considers operating cost
with losses, test case 3 considers losses with line flow and
operating cost and test case 4 considers operating cost with line
flow and losses. The cost coefficient and operating ranges data
and load data for 1 hour is taken with power demand 290 MW.

3.1 TestCase 1

Here generation limit of six unit system and the generation cost
coefficients are taken. For this test case line flow and losses are
not considered. In this test case operating cost and real power
generation of six unit system is calculated. For this test case
Where

condition used as
Z Poi = Z Py
i=1,2,3....6
P;; = Real power generation of i'" generator
P4 = Real power demand

Tablel. Result of Test case 1

Total Fuel Cost Total Fuel Cost

Test Case ($/hr) (Rs/hr)

Without losses 882.4157 55591.83

3.2 Test Case 2

Here generation cost coefficients and generation limit of six
unit system are taken. In this test case operating cost with
losses of six unit system is calculated. Here we use line flow
equations when losses are considered.

Where

chi =ZP01 +P
i=1,2,3....6

P;; = Real power generation of i" generator
P; = Real power demand
P = Power losses

Table 2. Result of Test case 2

Table 3. Result of Test case 3

Power Line Fuel Fuel
Test Case Losses cost
(MW) Flow(MW) | cost($/h) Rs /hr
With

Minimization

of Line Flow 4.3 27.72 999.64 | 62977.32

in Branch 2(1-

3)

3.4 Test Case 4

In this test case operating cost including line flows with power
losses of six unit system is calculated using fuzzy decision
making technique with linear membership function.

Table 4. Result of Test case 4

Power Line Euel cost Fuel
Test Case Losses Flow(MW) cost
(MW) ($/h) (Rs./hr)
When 4.83 35.79 938.12538 | 59101.56
Fuzzy
Decision
Making is
Applied
Membership 0.666 0.666
Function

Test Eg\;\gg Line Fuel E(l:setl
Case (MW) Flow(MW) cost($/h) (Rs./hr)
With
losses 6.13 51.88 907.27025 | 57158
and line
flow

3.3 Test Case 3

Here generation cost coefficients and generation limit of six
unit system are taken from appendix. In this test case operating
cost with losses of six unit systems is calculated. For
minimizing the Line Flow equation of branch 2 from bus 1 to
bus 3, load flow equations are applied.

3.5 Comparison between different voltages
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1.100 -
1.080 - ® With Losses
1.060 -

1.040 -

1.020

1.000

0.980

Voltage Magnitude

Line Flow

| ® Minimization of

Fuzzy Decision

15 91317212529 Making

Load Bus No.

Fig 1. Comparison of voltages for different test cases
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Table 5. Power generation of six units for different cases

S Test P,

gl
N Case
(MW) (MW) (MW) (MW) (MW) (MW
)

P,

) P

g3 Pg4 Pg5 P

g6

1 Case 1 130. 62.96 23.6 35 19.0 19.0

2 Case 2 127. 64.63 25.0 35 21.4 22.2

3 Case 3 59.3 80 50 35 30 40

4 Case 4 86.2 68.91 34.6 35 30 40

8

140 ~

120 1 = Without L

00 - ithout Losses
7__/80 1 = With Losses
260 - .
© 0 - Minimization
24 of Line Flow
[<5] J
11
& 0 -
2
& 1 2 3 4 5 6

No. of Generating Units

Fig 2. Graph for power generation of six units for different
cases

Table 6. Performance parameters of IEEE 30 Bus System

Power Line Fuetl Fuel
Test Cases | Losses cos cost
Flow(MW
(MW) (MW) M) | Rs/r
With Losses 6.13 51.88 907.27 57158
With
Minimization
of Line Flow 4.3 27.72 999.64 | 62977.3
in Branch
2(1-3)
When Fuzzy
Decision 4.83 35.79 938.12 | 59101.5
Making is
Applied
Linear
Membership 0.666 0.666
Function

4. CONCLUSION AND FUTURE SCOPE

In this paper,Fuzzy Decision Making technique is applied to
economic power generation for six generating units. Fuzzy
Decision Making Technique was employed to solve the ELD
problem for four cases of six generating unit system without
losses, with losses, with minimization of line flow and fuzzy
decision making technique with linear membership function.
The conclusion describes the capability of the proposed fuzzy
decision multi-objective technique to solve the problem of
economic load dispatch and line flow.Fuzzy Neural Network
can be used for solving Multi-objective optimization problem.
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