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Abstract—To provide reliable and uninterrupted electrical pply
to consumers, electrical utilities face many econiomand
technical problems in operation, planning and cootrof power
systems. Most of the power system optimization potd like
economic load dispatch include complex and non-kame
characteristics with heavy equality and inequalityortstraints.
Cost minimization of power generation is one of theosh
important power system problems. In this project, attempt is
made to minimize the cost for generation in a povegistem. The
aim of this project is to find the optimum set ofower to be
generated for a given loading conditions. Equalityorestraint
which is the relation between power generated, losmed power
demand is taken into account. In this thesis, transsion losses
have not been taken. Inequality constraints suchthe maximum
and minimum generation values for each of the geatars are
also considered along with valve point loading. Thimaper
introduces backtracking search optimization algdmh (BSA), a
new evolutionary algorithm (EA) for solving real-valae
numerical optimization problems .EA’'s are popular stmastic
search algorithms that are widely used to solve rowar,
non-differentiable and complex humerical optimizati problems.
Unlike many search algorithms, BSA has a single canit
parameter. BSA has a simple structure that is effeetifast and
capable of solving multi modal problems and thatades it to
easily adapt to different numerical optimization golems. BSA’s
strategy for generating a trail population includeswo new
crossover and mutation operators.BSA strategies fengrating
trail populations and controlling the amplitude ofthe
search-direction matrix and search space boundarggse it very
powerful exploration and exploitation capabilitiedn particular
BSA possesses a memory in which it stores a populatiom a
randomly chosen previous generation for use in gesteng the
search-direction matrix.Thus BSA’s memory allows it to take
advantage of experiences gained from previous gatiens when
it generates a trail preparation. The proposed aligiom is applied
to EED problem. The purpose of EED is to obtain the iopl
amount of generated power for the generating unittine system
by simultaneously minimizing the fuel and emissiaosts. To
demonstrate the effectiveness of this method BSA ehdeen
performed on 6-unit system with valve point loadirgffect to
obtain lesser fuel and emission costs

Index Terms—Economic Dispatch, Emission Dispatch,
Multi-objective optimization, Backtracking searchptimization
algorithm, Trade-off curve
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I. INTRODUCTION

Power system Economic Dispatch (ED) is the modgtiefft,
reliable and low cost operation of power systenpaliching
generation among the available generating units that the
cost of operation is least, subject to load dememdl other
operational constraints. However, since 1980s doe t
implementation of several pollution control actadfng out
of minimum generation cost is not only the majonaarn of
the power generating companies. These industreebaund
to consider the effect of pollutants like NG5C, CC, etc.
that are present in the waste matter which coméront the
stack of thermal power plant. Economic Emissionp@tsh
(EED) has come out to minimize the emission of ygalits
like NOyx, SO, CO particulate matters, etc. from the
thermal power plant. Moreover, the objective of imium
cost of generation or the objective of minimum esios may
not be a desirable criterion. Therefore, the cohoefp
Economic Emission Load Dispatch (EED) has come timéo
picture to figure out both the objective of minimwwost of
generation and as well as mini-mum emission levgha
same time. In a sentence it can be said that tinbioation of
Economic Load and Emission Dispatch problem is kmaw
Economic Emission Load Dispatch (EED) and it seaks
balance between cost and emission. This problefEd
may be formulated as a multi-objective Economic $Siain
Load Dispatch (EED) problem or an Emission Consédi
Economic Load Dispatch problem. Economic dispaki)(
is one of the prime functions in power system of@na

management and planning and its objective echoes to

schedule the committed generating units’ outp@sstm meet
the load demand at minimum operating cost whilesfyatg
all units and system operational constraints [1,2[he
generation of electricity from fossil fuel releasssveral
contaminants such as sulfur dioxides, nitrogen exidnd
carbon dioxide into the atmosphere. In the pastdevades,
environ- mental awareness led to impose rigid emvirental
policies such as “US Clean air amendments of 1960’
power utilities to minimize their emissions. A hosf
strategies are in vogue to reduce power plant émnisdike
installing post-combustion cleaning equipment, skiitg to
low emission fuels and replacement of the agedbuehers
or dispatching with emission considerations. Théeta
option is preferred in many cases due to economézsons
and its immediate availability for short- term ogison.
However, the other alternatives are consideredasgterm
option as they incur additional capital cost [3miEsion
dispatch (ED) is similar to ED except that it extento
minimize the net emissions instead of fuel coster@fng
either at absolute minimum fuel cost or at lowestypion
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level is no longer acceptable owing to the fact bwdh of the
objectives are conflicting in the sense that mination of
one causes the other to increase. This endeardheo
formation of combined Economic emission dispatcEQE
that focuses to simultaneously minimize both thel ftost
and emission levels by satisfying all unit and oy
constraints. There is no single optimal solutionthie bi-
objective EED problem unless exact preference aghtef
both the objectives is known. It gives rise to fimgla set of
compromise solutions known as Pareto optimal suhgti

may be linear or nonlinear and continuous or discia
nature.

€. Definition of Economic Dispatch

The economic load dispatch ELD can be defined as th
process of allocating generation levels to genagathits, so
that the system load is supplied entirely and most
economically. The ELD is used to define the prouturcievel

of each plant, so that the total cost of generatom
transmission for a prescribed schedule of loadirsmum.

which show the trade- off between the two competing- Necessity of generation scheduling

objectives.

[l. ECONOMIC EMISSION DISPATCH
A. Single Objective Optimization
When an optimization problem modeling a physicates

involves only one objective function, the task iofding the
optimal solution is called single objective optiation.

B. Multi Objective Optimization

The Multiobjective Optimization Problem (also cdlle
multi-criteria optimization, Multi performance oreegtor
optimization problem) can then be defined (in worals the
problem of finding: A vector of decision variablegich
satisfies constraints and optimizes a vector fanctvhose
elements represent the objective functions. Theeetibns
from a mathematical description of performance eciat
which are usually in conflict with each other. Henthe
terms optimize means finding such a solution whiciuld
give the values of all the objective functions auteble to the
decision maker. The mathematical definition of a R
important in providing a foundation of under-stargli
between the interdisciplinary nature of derivingsgible
solution techniques (deterministic, stochasticg;,isearch
algorithms. The following discussions present gengiOP
mathematical and formal symbolic definitions. Thegke
objective formulation is extended to reflect thetuna of
multiobjective Problems where there is not one dbje
function to optimize, but many. Thus, there is oio¢ unique
solution but set of solutions. These sets of sohgtiare found
through the use of Pareto Optimality Theory. Ndtatt
multiobjective problems require a decision markemake a

In a practical power system, the power plants atdatated
at the same distance from the centre of loads laer fuel
costs are different. Also under normal operatinge t
generation capacity is more than the total loathahd and
losses [31]. Thus, there are many options for Saliregl
generation. In an interconnected power systemplbijective
is to find the real and reactive power schedulifigeach
power plant in such a way so as to minimize theratpey
cost. This means that the generators real andvegmwers
are allowed to vary within certain limits so asnwet a
particular load demand with minimum fuel cost. Thss
called the Economic load dispatch ELD problem. The
objective functions, also known as cost functiongaym
present economic cost system security or otherctigs.
The transmission loss formula can be derived aral th
economic load dispatch of generation basedthan loss
formula can also be obtained. The Loss cdefiis are
known as B-coefficients. A major challenge for pdwer
utilities is not only to satisfy the consumer denhaior
power, but to do so at minimal cost. Any given posystem
can be comprised of multiple generating stationgirgg
number of generators and the cost of operatingethe
generators does not usually correlate proportignaiith
their outputs; therefore the challenge for powdities is to
try to balance the total load among generators #rat
running as efficiently as possible. The economiadlo
dispatch ELD problem assumes that the amount ofepdev
be supplied by a given set of units is constantsaafgiven
interval of time and attempts to minimize costfpplying
this energy subject to constraints of thenegating
units[34]. Therefore, it is concerned with the mmization

choice ofx; values. The selection is essentially a trade-bff of total cost incurred in the system and constsagver the

one complete solution x over another in multiokjexspace.
More precisely, MOPs are those problems where tia ig
to optimize k objective functions simultaneoushhis may
involve the maximization of all k functions, the hitinization
of all k functions or a combination of maximizatiamnd
minimization of these k functions.

A general MOP is defined as minimizing (or Maximig)

F)=[fL(X) f2(X)...ccneen.. fk(x)]
Subjected to

g(x)<0, i={1,2,......... m}
hi(x)=<0, j={1,2,......... p}

A MOP solution minimizes (or maximizes) the compaise
of vector F(x)

Where x is an n dimensional decision variable vecto
X=[x1x2Xx3.......... xn].

Itis noted that §x)<0, h(x)<0 represent constraints that must

be full filled while minimizing (or maximizes) F(x)

Thus a MOP consist of k objectives reflected in the
objective functions, m+p constraints on the objexti
functions and n decision variables. The k objechirections
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entire dispatch period. Therefore, the main aimthe

economic load dispatch problem is to minimize titaltcost
of generating real power (production cost) at uasistations
while satisfying the loads and the losses in taagmission
links.

E. Generator operating cost

The total cost of operation includes the fuel casist of
labour, supplies and maintenance. Generally, dostbour,
supplies and maintenance are fixed percentagewxofring
fuel costs. The power output of fossil plants isr@ased
sequentially by opening a set of valves to itsratéarbine at
the inlet. The throttling losses are large wheraklveris just
opened and small when it is fully opened.

Boiler Turbine Generator

—<]

Figure (a) Simple model of a fossil plant

Fuel Input
. B
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Figure (a) shows the simple model of a fossil planthe generating units with multi-valve steam turlsieshibit

dispatching purposes. The cost is usually appraechdy
one or more quadratic segments. The operating afote
plant has the form shown in Figure (b). For dispeig
purposes, this cost is usually approximated by anmore
guadratic segments. So, the fuel cost curve inaittéve

power generation, takes up a quadratic form, giiren

equation (1).

&

Operating cost (Rs/hr)

Output Power (MW)
Figure (b) Operating costs of a fossil fired genetar

The fuel cost curve may have a number of discoittasu
The discontinuities occur when the output powexiended
by using additional boilers, steam condensers, tbero
equipment. They may also appear if the cost semits the
operation of an entire power station, and hence bas
discontinuities on paralleling of generators. Mfitthe
continuity range the incremental fuel cost may xgressed

a greater variation in the fuel cost functions. Vakve-point
effects introduce ripples in the heat rate curves.
Mathematically, economic load dispatch problem
considering valve point loading is defined as:
F(P) = 51, aiPbP+Cit|e; sin (f; (Pun, — Pi) )|
a, b, ¢, g, and fare the coefficients of th@generating unit.
G. Economic Load Dispatch
The economic load dispatch (ELD) problem may be
expressed by minimizing the fuel cost of generatimits
under equality and inequality constraints. The EirbDblem
can be defined as the following optimization protle
Minimize F = Y%, a;P%bP+C; (Rs/hr)
Where Ris the real power output in MW
a, b, and ¢are the coefficients of th& generating unit.
F; is the fuel cost in Rs/hr
Subjected to the following constraints.

i=1Pi=Po
Pi,min S Ph< Pi,max
Where
P; 1min is the minimum real power output 8¥generator
P; max 1S the maximum real power output Bfgenerator
Py is the load demand on the system in MW.

H. System constraints
1) Equality constraint:
P =Pt PR
If the system is lossless, the total power geramatiust be

by a number of short line segments or piece-wiseequa| to the load demand. Thus

linearization.

F. Economic load dispatch with valve point loading ett

Economic load dispatch ELD is considered one ofkidne
functions in electric power system operation. €benomic
load dispatch problem is commonly formulated as
optimization problem, with the aim of minimizingethotal
generation cost of power system but still satigfyspecified
constrains[32,33]. The input-output characteris{ims cost
functions) of a generator are approximated usiradeptic
or piecewise quadratic function, under the assumptat
the incremental cost curves of the units are manoadly
increasing piecewise linear functions.
input-output characteristics display
nonlinearities and discontinuities due to valverpédading

in fossil fuel burning plant. The valve-point loadi effect

has been modeled in as a recurring rectified sidaso
function, such as the one show in figure (c).

-

With wahlve point

Operating cost (rs/hr) —»

Without valve point

Power output (p;)

Figure (c) Operating cost characteristics with vale point
loading
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Z?:l P, =Pp
2) Inequality constraint:
Pi,min < PL' < Pi,max
Where
arh‘mm is the minimum real power output 8fgenerator
P; 1max 1S the maximum real power output Bfgenerator
Py is the load demand on the system in MW.
I. Emission Dispatch

The objective of emission dispatch is to minimibe total
pollutant emission due to the burning of fuelsgooduction

However, | reaof power to meet the load demand. The total paliutevel
higher-ordercan be defined as the following,

E= YL, a;P+BiP+y; (ka/hr)

Where

P, is the output power in MW

a;, Bi, andy; are the emission coefficients of tffegenerating

unit.

1) Emission:

The emission control cost results from the requéetfor
power utilities to reduce their pollutant levelsldve the
annual emission allowances assigned for the effeittssil
units. The total emission is expressed in 2.4.

To carry out the EED these emissions must be mddele
through functions that relate emissions with power
production for each unit.

J. Economic emission dispatch (EED)

In this formulation both fuel cost objective andigsion level
objective are combined to form a single objectiviehwhe
introduction of a factor called price penalty facto
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Price penalty factor =h (Rs/kg) problem is converted into a single objective fumetusing a
Ft= Y7, a;P*+bP+C+h, (XL, a;P2+BiP+y) modified price penalty factor approach.

F, is the total cost of generation in Rs/hr

Ft= w*Fi + h*(1-w)*E; Ill.  APPLICATION OF BSA ALGORITHM TO

Fi is the fuel cost function MULTIOBJECTIVE EED PROBLEM

Etis the emission cost function In this section, a backtracking search optimizatitgorithm
w is the weighing function (BSA) is described for solving the EELD problemsheT

w is the function of rand whose value is in betw§@i]. search procedures for the BSA method were shovawbel
When w is 1, the objective function becomes econdoad Step 1:

dispatch. In this economic load dispatohits are optimally . . .
shared to minimize the total system productionsdathen Spec,'fY the generator cost coefficients and enmssio
coefficients, choose the number of generator ufits

w is zero, the objective function becomes emissiispatch ) . o ;
specify maximum and minimum capacity of constrafiots

problem.
. _ all the generators as
1) Procedure for computind,, parameter: N (PRI ] and
* Evaluate the ratio between fuel cost and emissiong,= [u,,w,............. u,] respectively and load demand (xt).

corresponding t®, ,,, for each generator i In implementing the BSA, some parameters must be
ratio; = Ft(Pimax) GO N determi_ned in advance Ii_ke population size(pop)nlu_elr of

 Ei(Pimax) generations (. For this pop=60, g = 200, dim=6,
Where i=1,2,3......n dimrate=0.5 and dimrate=0.8

» Arrange the ratios in the ascending order

e Arrange the maximum capacity of each
generato(P, ,.,) one at a time, starting from the
smallest ratio untip?™, P, = Pp

Step 2:
Initialize population that is created randomly fone

N-dimension problem. A population is represented Nby
decision variable such as

* Atthis stage ratiois associated with the last unit is thex = [x, x, X5 .................... il
penalty factor R for the given power demang P Since decision variables for the EED problems heereal
2) Fitness function: power outputs of generation units, they are useépoesent

Minimization problems are usually transferred intach element of the given population.

maximization ~ problems’  using some  suitable  [£1] Xii X1y e x

transformations. Fitness value f (x) is derivednirdhe | |_ xi Xyy v x;Z

objective function and is used in successive genetf’ — |43 7| : T

operations. The fitness function for maximizatiomigem [X J Xp1 *n2 o Xpy
N

can be used the same as objective function f(Xnebs
function for the maximization problem is, f(xX)=For
minimization problems, the fitness function is ayuiealent
maximization problem chosen such that the optimwimtp
remains unchanged. The following fitness functisroften
used in minimization problems.

f(x)= 1/(1+R)

where, f(x) = fitness function

F= objective function

Where Xi is the position of the first particle ftre set of
power generations ( set of solutions).
N is the number of generator units.
n is number of particles(population size).
x11 must be randomly generated in between the rimm
and the maximum loading limits as shown in (3.1anwethe
solution that satisfies the inequality constrami(2.3), and
each population matrix should satisfy the equalagstraint
in (2.2).
Step 3:
Calculate the fitness value for each set of thed fmapulation.
Fitness value represents the total cost of gersrasoin (2.6)
for a particular load demand. The bi-objective EfgDblem
is represented as a single objective optimizatiablem by
gssigning different weights for each objective.
Fe=wxF+hy*(1—w)=*E
The price penalty factoh,, is called scaling factor, is
multiplied with emission function to get an equsal cost
curve in $/hr. The value of w indicates relativgnsficance
'between the two objectives. When w is 1, the prble
) i i ) becomes economic dispatch (EcD) that minimizes dtimdy
*  Use the BSA technique to find the optimal settings.  ¢,q| cost. The fuel cost increases and emissiondmseases
* Investigate the effectiveness of this method foDEE hen v is reduced in steps from1 to 0.The problenomes
problem with and without considering transmissionmission dispatch (EmD) that minimizes only the ssioins
losses. when w equals 0. The constrained optimization Ewbbf
K. Purpose of EED Fi=w=F; +h, *» (1 —w) = E; along with power balance
The purpose of EED is to minimize both the operpfirel ~constraint of (2.3) and generation limit constraicain be
cost and emission level simultaneously while sgitisfload  solved for optimal generations for a chosen valfievo
demand and operational constraints. The multiobje&@ED Though the Pareto front based on the non-dominated

3) Problem formulation:

The basic objective of EED of electrical power gatien is
to obtain the optimal amount of the generated pdaethe
generating unit so as to meet the load demand r@Eitrmim
operating fuel cost, satisfying all unit and systnstraints.
Thus the EED problem can be formulated as
multi-objective optimization problem in which thengssion,
in addition to the fuel cost objective, is to benimized.
Obijective of the work:
* To find the solution of EED problem so that theatot
fuel cost is minimized while satisfying the powe
generation limits.
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solutions can be obtained by solving the problewes# A. Introduction

times with different w Values, it may not yleld thoest In this Chapter, the proposed method BSA is aprﬂjﬂjx

Compromise SOIUtion, which may be defined as the with unit test Systems with Varying degree of Comp|efdty
equal percent deviations from the optimal solutionstydying its performance

corresponding to economic dispatch (EcD) and eomissi

dispatch (EmD) besides lying nearer to both of biest IV. SIMULATION RESULTS

solutions. The best compromise solution can be imdxa . .
. . . A. Six unit test system

simply by setting w as 0.5, if the chodep parameter does o ] ) R

make fuel cost and emission cost components tcsainee The characteristics of the six thermal units avegiin Table
level in the objective function but the methodsilaide in  4-1- This test system contains six thermal unitse Toad

the literature provide approximate, parameter values, If démand is 2.834 p.u. This system is consideredi@sstess
the fuel cost component of equation system. Therefore, the problem constraints argdineration

F, = w*F, + h,, * (1 — w) * E; is larger than the equivalent capacity constraint and the power balance conswithout
emission cost, then the optimization process atteiopgive Ploss. Initially, the fuel cost objective and eriasobjective

more importance to fuel cost than emission cost ind a'€ OPtimized individually by taking the weightifegtor ‘w
versa. as 1 and 0 in equation (6), respectively to explloeeextreme

_ points of trade-off curve in all cases. The propose
Step 4: o _ o algorithms have been applied to the problem anch bot
Sort the population in the descending order ofrtfigiess. objectives were treated simultaneously as competing

Assign the first population as the global bes(.). objectives. The optimal parameter setting the B&#6funit

Step 5: system is given in Table 4.2

Start the iteration count, and generate the histbri Table 1 Cost coefficients and emission coefficiertsr

population (oldp), means the historical populattould be 6-unit system

randomly generated by using the above equation hwisic

given b y g y g q Pmin Pmax g bi Gi e be Ce de €

Oldp _ { + (U _ L ) % rand (3 1) 0.05 0.5 100 200 10 6.49 -5.55 4'3(_)9 2e-4 2857
- M 1 1 .

And then after the generation of historical pogalatthe 005 06 120 150 10 5638 -604 o0 Sed 3.3

order of the each individual is changed. And thenilarly in 0.05 1.0 40 180 20 458 -5.09 4:5 le-6  8.000

the ‘same way the _f|tness is cglculated by us!_ngrﬂm 005 12 e 10 10 330 355 52 203 2000

position values and if the evaluation of each plrtis better e

than the previouB,.., the current value is said to R, if ~ °® 10 %0 180 20 4586 509 2 1e6 8000

the P, is better than th@.q, theP, . is said to by ;. ey B B &Y &) B S T B9 GEw

Where, Table 2 Optimal parameters setting

Pyest IS Said to be local best.

Gpest IS Said to be global best. Parameter Description Value

Step-G: _ . . Pop Population of size 60

Obta_ln the crossover strategy. And in tr_ns stram_gywnl Dim TN

consider the binary-integer valued matrix (map).andhe ) . .

same way the population was also updated .Andailyilhe ~ Pimrate D'm?”s'on RN _ 0.8

binary-integer valued matrix (map) consists only &d 1's  Gn Maximum number of generation 200

F=3xrand (3.2) The best cost and the best emission solutions wfitttest
Step 7: System obtained out of ten runs with the proposgarithm
The next step is recombination. In this process th¥e given in Tables 4.3 and Table 4.4 respectivietpm
recombination of the mutation and the crossovezdaitace. Tables 4.3 and Table 4.4, it can be observedtiegitoposed

In this the generation of the offspring’s is cated BSA method gives best solution compare to multeobye
Offspring’s is nothing but mutant. stochastic search technique (MOSST) [1] and linear
mutant = p + (F * map)  (oldp — p) programming (LP) [2], modified bacterial foraging
Where F is given in (3.2) optimization algorithm (MBFA) [3], Non-dominated réog
F controls the amplitude of the search directiotrixa genetic algorithm (NSGA) [4], and differential eutibn
Because the historical population is used in theutation of  (DE) [5].
the search direction matrix Table 3 Comparison of cost/emission obtained by
Step 8: different methods with cost objective for 6-unit sgtem
Calculate the fithess value and similarly updatehlue of Methods '\"82]5” [;5] BSA
the global bestl pest)- 1 0.1130 0.1500 0.0835
] 2 0.3020 0.3000 0.2683
Step 9: 3 0.5310 0.5500 0.5308
H H H 3 4 1.0210 1.0500 1.0438
If number of iterations reaches maximum then ghietvalue : 05310 0.4600 05366
of the global besilrp¢5¢) Otherwise go to step 5. 6 0.3630 0.3500 0.3710
Cost ($/hr) 605.8900 606.3100 600.3654
Emission 0.2220 0.2230 0.2256
(ton/hr)
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The minimum cost and emission obtained by the pegdo Table 6 Variation of emission/cost with dimrate
BSA algorithm with cost objective is 600.3654 $/hda _ . Minimum
0.2256 ton/h, respectively. The proposed algoritaiso Dimrate Minimum cost emission
provides a solution of minimum emission of 0.194%/h

with cost of 643.1197 $/hr., with emission objeetiThese 0.1 650.6138 0.1950

are extreme points of the emission-cost trade offe of
BSA shown in Fig. 4.1. From this, it is clear tita¢ BSA
gives slightly better cost with reduced emissiorelevhen 0.3 638.4872 0.1948
compared with those of methods reported in theslitee.

0.2 634.0976 0.1948

0.4 644.6708 0.1947
Table 4 Comparison of cost/emission obtained by
different methods with emission objective for 6-urti 0.5 633.4503 0.1945
system
Methods MBFA NSGA DE BSA 0.6 640.1814 0.1945
Sl [28] [29] [30] 0.7 639.5004 0.1943
1 0.3693 0.4072 0.4060 0.4095
2 0.4326 0.4536 0.4590 0.4620 0.8 640.2422 0.1943
3 0.5556 0.4888 0.5380 0.5861
4 0.4503 0.4302 0.3830  0.3227 Table 7 Variation of cost/emission with dimrate
5 0.5478 0.5836 0.5380 0.5599 VT @oEs AT
6 0.4784 0.4707 0.5100 0.4940 Di t $/h ..
Cost 629.6500  633.8300  638.2/00 643.1197 imrate (Sfhr) emission
($/hr) (ton/hr)
Emission 0.1946 0.1946 0.1952  0.1945 0.1 600.3681 0.2239
(ton/hr)
0.2 600.2482 0.2223
The comparison of best compromise solution for 0.3 600.5292 0.2220
multi-objective function without valve point loadjreffects
and without loss for 6-unit test system by the B®ith 0.4 600.6069 0.2247
various methods is provided in Table 4.5. It isaclthat the
proposed BSA gives minimum cost and minimum emissio 0.5 600.3338 0.2200
of 609.442%/hr., 0.2040 ton/hr., respectively.
$ pectively 0.6 600.5227 0.2268
0235 e — 0.7 600.5924 0.2237
0.23} O pop3oh
o 0.8 600.6507 0.2241
0.225¢ R
0.22 - R 0197
E 0.215@ 1 o= R e am e -03 |
:E 0.21 @ b 0.196 | i
5 -)l% é i
0.205+ O R E 0.1955 ':‘j i
0.2 *O.@ b E 0.195} {;\ | N
%O o P L]
0.195} OH(- | oaoas| e \‘ ................................... — 1
0.19 " " ; ; ; L L 0.194 L L - . L : : L L
600 605 610 615 620 625 630 635 640 o 20 40 60 80 100 120 140 160 180 200
Total COS'[($/hI') number of iterations
. o . Fig. (b) Convergence of emission with emission
Fig. (a) Em|SS|on—costS;[/rsat2(;off curve for 6-unitest objective for _ different dimrates
Table 5 Comparison of best compromise solution for o028 jr——
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Table 8 Fuel cost/emission obtained by BSA for 6-iin
system by varying w for population 60

Weight Factor Fuel cost Emission
(w) ($/hr) (ton/hr)
0 638.1512 0.1946

0.1 636.9222 0.1947
0.2 616.7334 0.1973
0.3 614.0086 0.1994
0.4 613.3008 0.1991
0.5 610.1564 0.2015
0.6 603.8146 0.2078
0.7 602.5698 0.2098
0.8 602.0148 0.2123
0.9 600.9323 0.2175
1.0 600.7627 0.2168

The variation of emission and fuel cost with direr&r the
emission objective is given in Table 6. Similarlthe
variation of emission and fuel cost with dimrate floe cost
objective is given in Table 7. The convergence attaristics
of the proposed algorithms with different objectfuactions
are shown in Fig(b) to Fig(c). It was observed tinat best
values of minimum fuel cost and minimum emissiotuga
are obtained within 180 iterations for differenindates. For
dimrate 0.8, the minimum fuel cost and minimum esiois
values are obtained as shown in Fig(b) and Figio)pared
to the other values. The variation of emission & cost
with different populations 60 and 30 are given able 8 and
Table 9 respectively with dimrate 0.8.

Table 9 Fuel cost/emission obtained by BSA for 6nit
system by varying w for population 30

Weight Factor Fuel cost Emission
(w) ($/hr) (ton/hr)
0 635.8751 0.1951

0.1 632.5514 0.1960
0.2 618.6714 0.1981
0.3 613.7130 0.1993
0.4 615.7824 0.1979
0.5 609.4442 0.2040
0.6 605.4143 0.2067
0.7 604.8932 0.2088
0.8 602.5941 0.2114
0.9 600.8887 0.2178
1.0 601.3195 0.2266

V. CONCLUSION

In the fourth chapter, realistc EED Problem hagrbe
considered with quadratic cost function, which alsvaxists
in the power systems. The proposed algorithm BSAbesn
successfully applied to solve this EED problem. Sehe
strategies improve the global searching ability lalgo
prevent the solution from trapping in a local optimpoint.
The Proposed algorithm found the better solution the
6-unit system than MBFA, SPEA.The result clearlypwh

that the proposed method can be used as an efficien

optimizer providing satisfactory solutions for risit EED
problems.
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