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ABSTRACT

In the present scenario, various types of power generating stations are available
using various renewable and non-renewable resources for generating electrical power.
Power generating companies have turned their attention towards renewable resources like
wind and sunlight because of the decrease in the availability of non-renewable resources
like coal and oil. The companies who are generating power by any method turned their
attention towards generating the power with minimum cost due to the drastic increase in
demand and competition in the generating market. This led to the development of studies
for economic load dispatch (ELD). All literature studies of ELD frequently use smooth
cost functions with equality and inequality constraints that make the problem of finding
the global optimum difficult using any mathematical approaches This project presents a
new approach to optimize economic dispatch problems with non-smooth cos: functions.
A Modified Particle Swarm Optimization (MPSO) mechanism is suggested to deal with
the equality and inequality constraints in the ELD problems. Moreover, a dynamic
search-space reduction strategy is devised to accelerate the optimization process. The
proposed MPSO is applied to test ELD problems with smooth cost functions and with
non-smooth cost functions considering valve-point effects and multi-fuel problems, and
the performance is compared with the conventional resuits. The number of iterations for

this method is found to be less when compared to the conventional method.
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CHAPTER .1
INTRODUCTION

Like water, food and air electrical energy has become an integral part of daily
personal and business lives. People have become so accustomed to flicking a switch
and having instant light, action or communication that little thought is given to the
process that produces the electrical energy or how it gets to where it s used. It is
unique in that practically all that is produced is not stored but used instantly in the
quantities that are needed. For alternatives to electrical energy, one must go back to
the days of gas lamps, oil lamps, candles, and steam or water powered mechanical
devices-and work days or leisure time that was limited to daylight hours for the most

part.

The electric utility is the basic supplier of electrical cnergy and is perhaps
unique in that almost cveryone does business with it and is universally dependent on
its product. Many people are unaware that a utility is a business enterprise and must
meet costs or exceed them to survive, Unlike other enterprises producing commodities
Or services, it is obligated to have electrical energy available to meet al] the customer

demands when they are needed and that its prices are not entirely under its control.

The regulation of utilities by government agencies leads to the perception that
utilities are in fact monopolies. People have alternatives in almost every other product
they use such as choosing various modes of travel-auto, train, or plane. People can use
gas, cil, or coal directly for their own energy needs or use them to generate their own
electrical energy. Indeed some people today use sunlight or wind power to
supplement their electrical needs. The point is that electrical energy supply from an
electric utility is usually much more convenient and economical than producing it
individually. Some larger manufacturing firms find jt feasible to provide their own
electrical energy by using their waste energy (cogeneration) or having their own
individual power plants. In some cases legislation makes it mandatory to purchase the
excess energy from their sources at rates generally higher than what the utility can

produce it for.

The fact remains that utilities must pay for the materials, labor and capital they

require and pay taxes Just like other businesses. In obtaining these commodities



necessary to every business, utilities must compete for them at lower prices generally
dictated by the market place, while the prices charged for the product produced-

electrical energy are limited by government agencies.

With the dawn of the new era in which the electric incandescent light replaced
oil lamps and candles, sources of electric energy had to be found and developed. Gas
light companies were giving way to geographically small electric companies. For
instance on long island, New York, a company called “Babylon Electric Light
Company” was formed in 1886. It would surprise many LI residents today that the
low level waterfall on Sumpwarm’s Creek in Babylon was used to light up eight
stores and three street lights and that the dam sti] exists. Similar €xamples can be
cited for other communities throughout the world. Most small electric companies

started out using hydro power or steam engines to generate their electrical energy.

As the innovation caught on and the electrical energy requirements grew from
the use of lights and electrically driven equipment, so did the growth of electric power
generators. The size of generators grew from a few hundred watts to thousands of
kilowatts. New sources of fuel needed to power generators led to coal, oil and gas
fired boilers. New ways of transmitting electrical energy for some distance was found
and led to larger central stations instead of the small local area stations. Asg AC
(alternating current) transmission developed to permit sending power over longer
distances, the early small electric companies consolidated their territories and started
to interconnect their systems. Planning and development of these carly generating
stations were not hindered by environmental restrictions Or government regulations.
Their main concern was rising of enough capital to build the stations and selecting the

best site for the fuel to be used and the load to be served.

1.1.Importance of electrical energy:

Energy may be needed as heat, as light, as motive power etc.The present day
advances in science and technology has made it possible to convert electrical energy
in to any desirable form. This has given electrical energy a place of pride in the
modern world. The survival of individual undertakings and our social structures
depends primarily upon low cost and uninterrupted supply of electrical energy. In
fact, the advancement of a country is measured in terms of per capita consumption of

electrical energy.



1.2 Comparison of energy sources:

The chief sources of energy used for the generation of electrical energy are
water, fuels and nuclear energy. Below is given their comparison in tabular form:

Table 1.1 Comparison of energy sources

S.No Particular Water- Fuels Nuclear
power energy

I. Initial cost High Low Highest

2. Running cost Less High Least

3. Reserves Permanent Exhaustible | Inexhaustible

4. Cleanliness Cleanest Dirtiest Clean

5. Simplicity Simplest Complex Most complex
L 6. Reliability Most reliable | Less reliable | More reliable

1.3 Objective:
The proposed project deals with the Optimization of Economic Load Dispatch
Problem using Modified Particle Swarm Optimization and the performance is

compared with the conventional methods,

1.4 Organization of the report:
Chapter 1

This chapter deals with the general concepts and the importance of electrical
energy and the comparison of energy sources. The generation of electrical energy by
various methods, its individuals’ merits and demerits are tabulated in table 1.-
Chapter 2

The brief explanation of the economic load dispatch with the essential equality
and inequality constraints is stated in this chapter.
Chapter 3

This chapter deals with the overview of Particle Swarm Optimization.
Modified Particle Swarm Optimization methodology is explained in detail, which is
used to solve the economic dispatch.
Chapter 4

The program for the economic load dispatch using Modified Particle Swarm
Optimization algorithm, implemented using MATLAB is presented in this chapter.
Chapter 5

The results are given in this chapter.
Chapter 6

The conclusion and the future scope is presented in this chapter.
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CHAPTER.2
FORMULATION OF ECONOMIC DISPATCH

The classical economic dispatch problem is an optimization problem that
determines the power output level of each online generator that will result in a least
cost system operating state. The objective of the classical €conomic dispatch is to
minimize the total system cost, where the tota] system cost is a function determined
by the sum of the cost functions of each online generator. This power allocation
procedure is carried out considering the power balance between generation and loads,

as well as the feasible operating region for each generating unit,

2.1. Basic Economic Dispatch Formulation

Economic dispatch is one of the most important problems to be solved in the
operation and planning of a power system. The objective of the €conomic dispatch
problem is to minimize the total fuel cost of thermal power plants subjected to the
operating constraints of a power system. In general, it can be formulated
mathematically with an objective function.

The objective of the classical economic dispatch is to minimize the total
System cost (2.1) by adjusting the power output of each of the generators connected to
the grid. The total system cost is modeled as the sum of the cost function of each
generator. [1][5][2]

N
F.=3F (p) 2.1
i=1

The cost function of each generator establishes the relationship between the power
injected to the system by the generator and the cost incurred to load the machine to
that capacity. Generators are typically modeled by smooth quadratic functions such as

(2.2), in order to simplify the corresponding optimization problem, as well as to
facilitate the application of classical techniques.

F (P)=a,+bP +cp’ (22)
Where,
Fr=Total generation cost,
F; = cost function of generator J,

a; ,b; , c; = Cost coefficients of generator 7,



P; = Power of generator i,

N =Number of generators.

!

Cost (%)

B —
MW-Min Output, F{MW) MW-Max

Figure 2.1 Typical fuel cost function of a thermal generating unit

Where MW-Min is the minimum loading limit below which it is
uneconomical to operate the unit and MW- Max is the maximum output limit. The

input-output curve has discontinuities at steam valye openings which have not been
indicated in the figure (2.1)

F] —> P,
—»
1 T G
Fz —>

P,
>

F Load

T
i
|
I
!
|
1
|
]
|
1
[}
i
]

1
N Py

—>

Figure 22 N Generating units committed to serve a load of Py,



2.2 CONSTRAINTS:
2.2.1 Equality constraints

The important constraint in the generating System is that the generated power
should be equal to the summation of the power to be delivered to the customer with
the losses while sending the same., [13]

Generated power = Power to be delivered + Losses

222 Inequality constraints:

(@) Generator constraints;
The KVA loading on a generator is given by

f pp2 +Qp2 and this should not exceed a prespecified valuye Cp because of the

temperature raise conditions, i.e,
2 2 2
Pp +Qp st (2.3)

The maximum active power generation of a source is limited again by thermal

less than a prespecified value P,,;, > the unit is not put on the bus bar because it is not
possible to generate that low value of power from that unit. Hence the generated

power Pp cannot be outside the range stated by the inequality, i.e,

P < Pp < Ppmax 2.4

Pmin

the rotor and minimum is limited because of the stability limit of the machine. Hence
the generator reactive power Q, cannot be outside the range stated by the inequality,

ie.,

mein SQ Smeax (2.5)

(b) Voltage constraints:
It is essential that the voltage magnitudes and phase angles at various nodes
should vary within certain limits. The voltage magnitudes should vary within certain

limits because otherwise most of the equipment connected to the system will not



System uneconomical. Thus

’mein Sle(S‘meax'
§pmin S5[7 Sé‘pmax

(2.6)

Where [Vp| and 8y stand for the voltage magnitude and phase angle at the pth
node.

The normal operating angle of transmission line lies between 30° to 450 for
transient stability reasons; therefore a higher limit is imposed on angle 5. A lower use
of assures proper utilization of transmission facility.

(c) Running spare capacity constraints:

These constraints are required to meet: (i) the forced outages of one or more
alternators on the system, and (ii) the unexpected load on the system

The total generation should be such that in addition to meeting load demand

and losses a minimum Spare capacity should be available. ie,

G>P +pP, 2.7)

Where G is the total generation and Pso is prespecified power. A well planed
system is one in which this Spare capacity Py, is minimum.

(d) Transformer tap settings:

maximum one, ie,
0<t<1.0
Similarly for a two winding transformer jf tapings are provided on the
secondary side;
0<t<n
Where n is the ratio of transformation. Phase shift limits of a phase shifting
transformer

epmin Sepsepmax (28)

2.3 NON-SMOOTH COST FUNCTIONS
2.3.1 Valve-point effects



continuous function as the system contains a number of different steam unit
characteristics. Large steam turbine generators will have a number of steam admission

valves that are opened in sequence to obtain ever-increasing output of the unit. As the

first opened, the throttling losses increases rapidly and the incrementa] heat rate rises
suddenly. This is “valve point” effect which leads to non-smooth, non-convex input-

output characteristics, to be solved using the heuristic techniques.[3] [6]

usually modeled by adding a recurring rectified sinusoidal term to the basic quadratic

cost function, as it is shown in equ (2.9) below.

£ (2o)=a,+8, 2, | 4 sin e (p, = -7, 2.9)
where

ai, bi, ci, di and ej are the cost coefficients of unit i.

Figure 2.3. Valve Point Curve, (A — Primary Valve, B — Secondary Valve, C -
Tertiary Valve, D — Quaternary Valve and E - Quandary Valve).



2.3.2 Multiple fuels

Traditionally, the cost function of each generator has been approximately
represented by a single quadratic cost function. In practice, generating units are
capable of operating using different types of fuels. The use of multiple fuel types may
result in multiple cost curves that are not necessarily paralle] or continuous. The lower
region of the resulting cost curve determines which fue] type is most economical to
bum.[7][4]

This cost function can be represented by a piecewise curve (see Fig. 2.4), and
the segments are defined by the range in which each fuel is used (2.1 0). The ED
problem with piecewise Quadratic cost curves s very difficult to solve by standard

techniques. Piecewise quadratic cost functions have as many segments as fuel types.

a4y +b,P + C:']Piz iP,

a4, +b,P +C,P
Fi(Pi)=/{.. (2.10)

ain +binE +Cm1)iz i/?'"’l SPI —<“Pz

Where a;, b;, ¢; are the cost coefficients of generator | for the p-th power leve]

N S/Mw
Incremental

cost

FUEL3
FUEL2

FUEL1

Power[Mw

Min P1 P2 Max

Figure 2.4 Piecewise quadratic and incrementa] cost functions of a generator



CHAPTER.3
PARTICLE SWARM OPTIMIZATION

3.1 EVOLUTIONARY PROGRAMMING (EP) TECHNIQUES:
Roughly 45 years ago, evolutionary programming (EP) was proposed for the

that positive features of both the techniques are exploited.

12



3.2 OVERVIEW OF THE PSO

Kennedy and Eberhart developed a PSO algorithm in 1995, which is a
population-based stochastic optimization technique, based on the behavior of
individuals (i.e., particles or agents) of a swarm. Its roots are in zoologist’s modeling
of the movement of individuals (e-g., fishes, birds, and insects) within a group. It has
been noticed that members of the group seem to share information among them, a fact
that leads to increased efficiency of the group. The PSO algorithm searches in parallel
using a group of individuals similar to other Al based heuristic optimization
techniques. Each individual corresponds to a candidate solution to the problem.
Individuals in a swarm approach to the optimum through its present velocity, previous
experience, and the experience of its neighbors.[8.] [11]

In a physical n-dimensional search space, the position and velocity of

individual 7 are represented as the vectors X; = (Xil 5evenees, Xin) and Vi=Wvi,....... ,
Vin ), in the PSO algorithm. Let Pbest P=Oxg e 2 X i PN Y and Gbest P =
xa®t » X ") be the best position of individual 7 and its neighbors’® best

position so far, respectively. Using the information, the updated velocity of individual
i is modified under the following equation in the PSO algorithm.[lO][lZ]
Vi = g vE 4 ¢ rand, x (Pbest,k - X,k)

+c¢, rand, x(Gbestk —X,k) GD

where,

V= velocity of individual ; at iteration £,

© = weight parameter,
€1, 3 = weight factors,

randy, rand, = random numbers between 0 and 1,

X,*= Position of individual j at iteration k,
Pbest," = best position of individual 7 until iteration k,

Gbest* = best position of the group until iteration £.

In this velocity updating process, the values of parameters such as o , ¢, , and
¢2 should be determined in advance. In general, the weight o is set according to the
following equation.

@ -

W .
D=0, ——"=__Tmn ey (3.2)
Iter,

13



where,
Omax > Omin initial, final weights,
Itern, = maximum iteration number,

Iter = current iteration number.

Each individual moves from the current position to the next one by the

modified velocity using the following equation:

Xik+1 - X,-k +V:k+l (33)

Fig. 3.1 shows the concept of the searching mechanism of PSO using the
modified velocity and position of individual 7 based on (3.1) and (3.3) if the values of

®, ¢y, ¢z, rand,, rand, are 1.[2]

T

Figure 3.1 Concept of modification of a searching point by PSQ,

3.2.1 PSO algorithm
PSO algorithm can be simply described as follows.
Step I: Randomly generate the position and velocity for each particle.

Step 2: Compute the fitness of each particle, and get the Pbest and ghest values at the
current iteration.

Step 3: Use (3. I)and (3.3) to update the position and velocity for each particle.

Step 4: If there are infeasible particles due to the violated constraints, introduce the

penalty terms to their fitness.

14



Step 5: Set the velocity at the limit valye for any velocity-violated particle J
Vji,H-l = Vma.x’ lf‘ Vji,1+l >pme o 1,2, ..... ') (34)
Vi =V™ iy, e i=12,..n (3.5)

Step 6: If the maximum iterations are reached, stop; else, 80 to step 2.

Generation of initial condition of each agent Step 1

Evaluation of search point of each agent

Modification of each searching point

Yes

No Reach maximum iteration
Figure 3.2 General flow graph of PSO
3.3 MODIFIED PSO

This method integrates the particle swarm optimization with the simulated
annealing algorithm. It can solve the problem of local minimum of the particle swarm
optimization, and narrow the field of search continually, so it has higher efficiency of
search. The equality and inequality constraints of the ED problem are dealt using the
modified PSO algorithm. Additionally, to accelerate the convergence speed, the
dynamic search-space reduction strategy is devised. The process of the modified PSO
algorithm can be summarized as follows[13],

Step 1: Initialization of a group at random while satisfying constraints.
Step 2: Velocity and position updates while satisfying constraints.
Step 3: Update of Phesr and Gbhesz.

Step 4: Activation of space reduction strategy.

Step 5: Go to Step 2 until satisfying stopping criteria.



elements (i-e., generation outputs), Therefore, individual’s position at iteration 0 can
be represented as the vector of X = P, , Py 0) where is the number of

generators. The velocity of individual j (ie: V°= ... Vin? ) )correspond to the

Step 1: Set j=1;

velocity:

Pimin-)- P <vijo = (p_ £)-P (3.6)

16



where &is a small positive real number. The velocity of element j of
individual i is generated at random within the boundary. The developed initialization
scheme always guarantees to produce individuals satisfying the constraints while
maintaining the concept of the PSO algorithm. The initial Pbest; of individual i is set
as the initial position of individual i and the initial Gbest is determined as the position

of an individual with minimum payoff of 2.1).

3.3.2 VELOCITY UPDATE:

To modify the position of each individual, it is necessary to calculate the
velocity of each individual in the next stage, which is obtained from (3.1). In this
velocity ‘updating process, the values of parameters such as o, ¢; and ¢;  should be

determined in advance. In this paper, the weighting function is defined as follows

4]

max

a

W=, -~ _minore,
L~ 3.7)

where
Drmax > Dy, Initial, final weights;

Iterna maximum iteration number;

Iter current iteration number

3.3.3 POSITION MODIFICATION CONSIDERING CONSTRAIN TS:

The position of each individual is modified by (3.3). The resulting position of
an individual is not always guaranteed to satisfy the inequality constraints due to
over/under velocity. If any element of an individual violates its inequality constraint
due to over/under speed then the position of the individual is fixed to jts maximum/

minimum operating point. Therefore, this can be formulated as follows:

k k+1 . k k+1
1)1]' + V;‘j lf Pij min S 'PI] + I/ij S 1)1'/ max
k+1 . k k+1
1)1] = R'j min !f sz + I/ij < PI/ min (38)
. k k+1
i max Zf R’j + V;j > Pij max

Fig. 4 illustrates how the position of element J of individual i is adjusted to its
maximum when the over-velocity situation occurs, Although the aforementioned
method always produces the position of each individual satisfying the inequality

constraints, the problem of equality constraint still remains to be Resolved. Therefore,
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individual is equal to the total Systtm demand. To resolve the equality constraint

problem without intervening the dynamic process inherent in the PSO algorithm, we

propose the following heuristic procedures:

Step 1: Set j=1. Let the present iteration be k.

Step 2: Select an element (i.e., generator) of individual | at random and store in an
index array A (n),

Step 3: Modify the valye of element j using (7), (8), and (11).

Step 4: If j=n-1 then £0 to Step 5, otherwise J=j+land go to Step 2.

Step 5: The value of the last element of individual i is determined by subtracting

n-1
Z PI.J’.c from D. If the value is not within its boundary then adjust the value
j=1

using (11) and 80 to Step 6, otherwise go to Step 8.
Step 6: Set i=1,

Step 7: Readjust the value of element [ in the index array A(n) to the value satisfying

n
€quality condition D — ZP,-}‘ If the value is within its boundary then g0 to
i=1, j#1

Step 8; otherwise, change the value of element | using(11).Set I=]+; , and go
to Step 7. If = n+1 » 8o tostep 1.

Step 8: Stop the modification procedure.
X

Py*"!(adjusted) P.-J-k“(Calculated)

Figure. 3.3, Adjustment strategy for an individual’s position within boundary.
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3.3.4 UPDATE OF P BEST AND G BEST:
The Pbest of each individual at iteration k+1 is updated as follows
Pbest{™ = X Fifrct < Ct (3.9)
Pbest*' = Pbest*ifIc*" > 1C *
Where
TC; the object function evaluated at the position of individual i. Additionally,

Gbest at iteration k+1 is set as the best evaluated position among Pbest;*"!

3.3.5 SPACE REDUCTION STRATEGY:

To accelerate the convergence speed to the solutions, the MPSO has introduced the
search space reduction strategy. This strategy is activated in the case when the
performance is not increased during a prespecified iteration period. In this case, the
search space is dynamically adjusted (i.e., reduced) based on the “distance” between
the Gbest and the minimum and maximum output of generator j. To determine the
adjusied minimum/maximum output of generator j at iteration k, the distance is
multiplied by the predetermined step-size A and subtracted (added) from the

maximum (minimum) output at iteration k as described in (3.10)

k+1 k k k
Ploax = Pimax = (Pjmax — Ghest 7)< A (3.10)
k _ ok k p
Pj min = Pj min + (Pj, min — Gbest JIxA

Fomee S P e :
6 i i i ?
Particle i: : Pilk ,' Pizk ,' Pijk : P,‘nk
3 1 H ! t
R S LIRS SN N L

/'/ k ‘\‘\

koo Gbest .
Pijmin* - ~_ Iteration k
Space reduction ST ."“““““"“/7
\‘\ /
Strategy “. X / Pij maxk
N Gbest 7 ’
. J /
\.\ /
"_g«\'\#_i Iteration
K+ k+1 +
Pij,min Pij,max k1

Figure. 3.4. Schematic of the dynamic space reduction strategy.

19



3.3.6 STOPPING CRITERIA;
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CHAPTER.4
PROGRAM:
4.1 MPSO METHOD FOR ELD:
cle

clear

% The old system variables are stored in a file
"ecogenvariables". User may use the Same values or enter

new values for a new System.

loadnew =,
loadnew = input(['Do you want to load NEW values (Y)(N) : ,'s";
if (loadnew == 'y’ || loadnew == 'v")

noofgen = input(['Give the number of generators - {)R

oo

The system constants are entered one by one. 1like
A + Bx + Cx*2. first enter A - constant term, enter B -
X term coefficient, enter C - X squared term coefficient .
Then enter the number of valves, then minimum generation

Ccapacity and maximum generation Capacity.

for gen = I:noofgen
costfunc(gen, 1) = input(["\n\nEnter cost function of generator -
num2str(gen), ' (constant term) : ']);
costfunc(gen, 2) = input(['Enter cost function of generator ..
num2str(gen), ' (X term) :'D;
costfunc(gen, 3) = input(['Enter cost function of generator P
num?2str(gen), ' (X"2 term) @ '));

valves(gen) = input(["\nEnter number of valves for generator o

num2str(gen), ' : ']);

minmaxgen(gen, )= input(['MINIMUM generation capacity of generator .
num2str(gen), ' : D;
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minmaxgen(gen, 2)= input('MAXIMUM generation capacity of generator ', ...
num2str(gen), ' : )R
end
Save ecogenvariables;
else
load ecogenvariables;

end

cle
looprun = 1 ;
exclude = zeros(1 ;noofgen);
while looprun ==
demand = 0;
minmaxgentot = sum(minmaxgen);

while demand ==

demand = input(["\n\nEnter tota] demand from al] generators @ '));
if (demand < minmaxgentot( 1)
disp('Demand is less than minimum of a]] generators');
demand = 0;
end

end

demandratio = demand/minmaxgentot(2);
%ratio = actual demand / tota] of maximum of all gens.
initialpower = minmaxgen(:,Z).*demandratio;
$initial power = Max gen capacity * ratip
exclude(1) = 0;
demand] = demand;

minmaxgentot] = minmaxgentot(Z);
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% sum of max capacity of all gens.

inequalityok = 0;
while inequalityok ==
inequalityok = 1;
for gen = I:noofgen
if imtialpower(gen) < minmaxgen(gen, 1)
% initial power < minimum capacity
inequalityok = 0; '
difference = initialpowcr(gen) - minmaxgen(gen, 1);
snote the difference
initialpower(gen) = minmaxgen(gen,l);
%and assign minimum capacity
exclude(gen) = 1;
%and exclude this generator from any adjustment in this
iteration
demand] = demand] - initialpower(gen);
Sbalance demand after assigining above gen
minmaxgentot] = minmaxgentot] - minmaxgen(gen,2);

%$find new ratio after removing this gens capacity

demandratiol = demand 1/minmaxgentot1;

for genl = l:noofgen

%assign new initial values after adjusting the
if (genl = gen && exclude(genl)~=l)

%demand for above gen to min Capacity

initialpower(genl) = minmaxgen(genl,Z) * demandratiol;

end
end
end
end

end
tpower = [300 300 250];
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Sminmaxgen = (200 600; 150 400; 100 2007 ;

$the above Specified values are taken from

reference[l]

maxiter = 500;
iter = 0;
%initial velocity = (max Capacity - minimum
Capacity)*0.01
initialvelocity = (minmaxgen(:,Z) - minmaxgen(:,l)) ./ 100;
weightparametermax = 1;
weightparametermin = 0;
initia]velocity] = initialvelocity;
funpowerl = initialpower ;
$systems Operation power = inital power
costmean] = (;
convergence = 1;
$execute following numerical method analysis for
finding new bPowers for a11 generators. Inside the loop
the above technique of power distribution is used again.
while (convergence > 0.001)
iter = jter + 1;
weightparameter = weightparametermay -
(weightparametermax-weightparametermin)...

*( iter/maxiter);

%velocity update

newvelocity = initialvelocityl ¥ weightparameter;

for gen = I:noofgen

costl(gen) = costfunc(gen, I+ costfunc(gen,Z)*runpower1(gen)+...
costfunc(gen,3)*(runpower1 (gen)™2);

Cost = A + Bx + Cx"2 (x = power generated)

end
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runpower2 = runpowerl + newvelocity;
tnew values for power generation => dp
for gen = 1:noofgen
cost2(gen) = costfunc(gen, 1) + costfunc(gen,2)*runpower2(gen)+...
costfunc(gen,3)(runpower2(gen)A2);
snew cost values

end

incrementalcost = cost2-costl;
$differential cost => dc
costrate = incrementalcost ./ runpower1'; % dp/dc
costmean2 = mean(costrate);
costrate]l = costmean? - costrate;
$deviation of each gen from average
initialvelocity1 = 10*(initialvelocity1 .* costratel");
supdate velocity
newvelocity = initialvelocity] .* weightparameter ;

%include weight parameter

runpowerl = runpower] + newvelocity;
convergence = abs(costmean] - costmean?);

inequalityok = 0;

%power distribution routine

while inequalityok ==
inequalityok = 1;
for gen = 1:noofgen
if runpowerl(gen) < minmaxgen(gen, 1)
inequalityok = 0;
difference = runpowerl(gen) - minmaxgen(gen, 1)
runpowerl(gen) = minmaxgen(gen, 1);

exclude(gen) = 1;
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demand] = demand] - runpower1(gen);

minmaxgentot] = minmaxgentot] - minmaxgen(gen,2);

demandratio] = demandl/minmaxgentotl ;

for genl = 1:noofgen
if (genl ~= gen && exclude(genl)~=])
runpowerl(genl) = minmaxgen(genl,Z) * demandratiol;
end
end
end
end
end
if (iter == maxiter)
convergence = (;

o3

<]

to come out of loop at max iteration

end
disp([' ']);
for gen = 1:noofgen

disp (['Run power for generator ', num2str(gen), ' after iteration ',

num2str(iter), ' is °, num2str(runpower| (gen)));
end

end
disp([' '7);
disp([' ']);

after completing one calculation YOU may run the same
program for new

o

[~

X

o

demand for the Same system of generators.

demandnew ='';
demandnew = input(['Do you want to load NEW values (Y-Yes)/(N-No)/(E-Exit)
LS
if (demandnew == "y" [ demandnew == 'v')
looprun = 1;
else
looprun = 0;
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end

end

4.2 CONVENTIONAL ELD METHOD:

cle

clear

noofgen = 3;

costfunction = [510.0 7.2 0.00142; 310 7.85 0.00194; 78.0 7.97 0.00482]
fuelcost = [1.1 ;1.0;1.0];

i

fuelcost = [fuelcost fuelcost fuelcost];

% power = [375 300 1755,
% minmax = {200 600 150 400; 100 2001

for n = I:noofgen
power(n) = input(['Initia} Power generation condition of generator ..
num2str(n), ' is : 1);
minmax(1,n) = input(["Input minimum generation value of generaor e
num2str(n), " : 1);
minmax(2,n) = input(['Input muximum generation vaive of generator Cye
mum2str(n), ' : ');
disp([power(n), minmax(:,n)]);
end
ptotal = sum(power);
costfn = (costfunction _* fuelcost);
lamda = [0 0 0];

lanidaavg = 1;

while (sum(abs(lamds - lamdaavg)) > 0.001)
powermat =[1 1 1; power: power.~2];
costinpow = costfn * powermat;

costfnpow] = diag(costfnpow)
sum(costfnpow])

lamdamat = [1 21

lamdamat = [lamdamat;]amdamat;lamdamat];
lamdamat = costfn(:, 2:3) * lamdamat;
lamda = lamdamat * [[111; power]];

lamda = diag(lamda);
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lamdaavgold = lamdaavg;

lamdaavg = mean(lamda);

pbest = power - (10*(1amda-lamdaavg)‘)
power = pbest;
ptotall = sum(pbest)

end
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CHAPTER.5
RESULT

3.1. Results of ELD using PSO method

The results for the ELD problem with MPSO method is given below, figure
5.1 shows the input values given for generator’s 1 and 2 and figure 5.2 represents the
input of generator 3. The output of the ELD problem for a demand of 850 and 750
MW using MPSO method is shown in the figure 5.3 and 5.4 respectively. And from

the results, it is shown that it requires only two iterations to solve the ELD problem
using MPSO method.

File Edt Debug Desktop  Window Help

0 880 P Curtert Directory: Dmtiah 7 Ay «[O@\
Shorteuts @] Howto Add What's New

EDO You want to load NEV values (vy/ oy

fGive the nunber of generatorz : 3

§Enter cost function of generator 1 (constant term} : 510

fEnter cost function of generator 1 (X tern) T2

gEnter cost function of generatar 1 (¥*2 term} o 0.00142

3'

fEnter number of valves for gererator 1 : 3

fMINIHUM generation capacity of generator 1 T 150

E’MAXIMUM gereration capacity of generator 1 : 600

i

|

§Enter cost function of generstor Z (constant termy : 310

Enter cost function of generator 2 (X term) i 7.685
z

i
;’ (X2 term) : 0.00194

iEnter cost function of generator
:Enter mumber of valves for generator 24 3

i
H

;E

fI‘[INIHUI‘I generation capacity of generator 2 : 100
i MAXINUM generation capacity of generator 2 : 400

H
i
H
{
i
H
H
H
i

|

S start| Waitng for input

Figure 5.1 Inputs For Generate 1 and 2
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Fie Edt Debug Desktop  Window Help

D& ¥ 8@ o~ U % Curtent Directory: - D:tratiah 7 diwwark

Sharteuts @ How to Ady 7] Whet's New
;Eﬂter cost fuﬁbtion of géneféﬁéfuiwfébnétanﬁ'ﬁérm)
{Enter cost function of generator 1 (X term)

§Enter cost function of generator 1 (¥~2 term)
]

fEnter number of valves for generaror i i3
;HINIHUM generation capacity of generator 1 : 150
§HAXIMUH generation capacity of generatar 1 :  ¢0p
i

;Enter cost function of generator 2 (constant term)
Enter cost function of generator 2 (X term)

§Enter ¢oat function of generater Z (X2 term)
§Enter number of valves for generatar 2 P3
;MINIHUM generation tapacity of generator 2 1 100
EMAXIHUM generation capacity of generator 2 : 400

i
:
gEnter Cost function of Yenerator 2 (constant term)
i Enter Cost function of generator 3 (¥ term)

E

i
; nter cost function of generator 3 (2°2 term)

!

!Enter number of valves for generator 3 ; 3
iHINIMUH generation capacity of generator 3 : 5

]
i

.20

glb",v. e S . e
7.2
0.00142

310
7.85
0.00134

78
7.97
0.00482

Figure 5.2 Input For Generate 3

30



File Edit Debug Desktop Window Help

21 What's New

‘Enter total demand from all generators

{Run power

{ Run pover

Run pover

Run power
Run power
Run power

Do you want to load NEW values (V-Yes)

|
:
‘
:
i

Figure 5.3 Output For The Demand Of 850 MW Using MPSO Method
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after
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after
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iteration
iteration
iteration

iteratian
iteration
iteration

1
1
1

%]

850

ig
iz

is
is
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425,
Z83.
141,
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ﬁgvﬁgflgswmw“.vfbw e
File Edit Debug Desktqp Wi o
D@ 4 By & vy oox % _"’3” ? Current Directory: :D:*lm‘;ﬂa‘l;?v.ﬁwork o . E] 6]

Shorets B How o Adt ] Whats e

;Run pover for generator 1 after iteféﬁi&h 1 is 425;2527' ) ) . A

| Run power for generator 2 after iteration 1 is 283.3171
?Run power for generator 3 after iteration 1 iz 141.5972

i

3Run power for generator 1 after iteration 2 is 425.2217
| Run power for generator 2 after iteration 2 is 283.317
2

{Run power for generator 3 after iteration : iz 141,5947
]
]
H

iDo you vant to load NEW values (Y-Yes}/(N—Noji(E—Exit] HES

i

Enter total demand from all generators 750

Run pover for generator 1 after iteration 1 iz 375.26
{Run power for generator 2 after iteration 1 is 249.97
{Run pover for generator 3 after iteration 1 is 124.3243

§Run power for generstor after iteration is 375,247

1 2
i Run pover for generator 2 after iteration 2 is 249.9762
{Run pover for generator 3 2

after iteration 2 is 124,320z

Figure 5.4 Output For The Demand Of 750 MW Using MPSO Method
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5.2. Results of ELD using conventional method:

The result of the ELD problem using conventional method is shown below. F igure 5.5

shows the input values and the corresponding output it shown in the figure 5.6 and it

is shown that it takes 108 iterations to solve the ELD problem.

File Edt- View Web Window Help

i

D@ & g o "% 7 Curent Directory: | C:WATLABBpSwork K

‘Initial pover generation condition of generator 1 is : 375 -
;Input mininum generation value of generator 1 : 150
Input waximm generation value of generator 1 : 600

375 150 600

iIm.cial power generation condition of generator 2 is : 300
:Input minimum generation value of gensrator 2 : 100
iInput maxinum generation value of generator 2 : 400
300 100 400
iInitial power generation condition of generator 3 iz : 175
:Input minimum generation value of generator 3 : 50
{Input maximum generation value of generater 3 : 200
175 50 200
icostfnpowl =
| 1.0e+003 ¥
3.7507
2.8396
1.6204

lans =

¢ 8.2106e+003

best =

376.6267 302,4017 170.9717

ptotall =

4\ Start

< FATLAB

Figure 5.5 Input Data For The Conventional Method
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Fle Edt Vew Web Window Help
D@ & 5@ oo B 2 Curent Directory: | CMaTLABSSSwork ‘
H 850 ) e

iiveration =

Co1ov

costfnpoul =
1.0e+0C3 *
3.9175
3.1826
1.1242
ans =

8.1944e+003

best =

393.2934  334,4775 122.2291

ptotall =

850.0000

iteration =

108

Figure 5.6 Output For The Demand Of 850 MW Using Conventional Method

Table 5.1 Comparative Results of ELD with Conventional and MPSO methods

r Conventional Method MPSO —’
Demand (MW) 850 850 |
Output Power of Gen 1 393.2934 425.2217
Output Power of Gen 2 334.4775 283.317
Output Power of Gen 3 122.2291 141.5942 |
No of Iterations 108 2 ‘J\
Fuel Cost 4‘

1 1 1 7838.2135 7821.24 ‘
0.9 0.9 0.9 7054.3863 7039.117 ﬁ‘
0.9 1.1 0.9 7684.9223 B 7577.067 B
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CHAPTER.6
CONCLUSION

The issue of Economic Load Dispatch (ELD) for three generating stations
with non-smooth cost functions, serving a specified load is solved using the PSO
algorithm and is compared with the conventional method. From the simulation results,
it is confirmed that the number of iterations required in this approach is less compared
to the conventional methods. As the number of iterations is less, the system will attain
its stability soon and also there is no overshoot and undershoot effects while using the
PSO algorithm, hence if the algorithm is suitably applied, it will increase the

efficiency of the generating systems.
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