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Evolutionary Algorithm for Optimal Scheduling
of Thermal Units in an Integrated Power System

K. Rajesh, N. Visali

Abstract: Interconnection of power system is a key one to route
power plant operation optimally with a diminishing rate of active
power generation, in encountering the growing demand.
Reduction of fuel consumption is one of the objective for the steam
run power plants by assigning source power to every component
(economic dispatch) focus to equal and unequal limitations
optimally. This importance is due to power savings. ELD is the
utmost significant issues to be resolved in the process and
forecasting of a electrical system. This work presents an approach
of Genetic Algorithm (GA) for finest load scheduling of steam run
power plants to catch the universal optimum dispatch
clarification. The genetic set of rules centered best approach
explains the ELD problem. The core indication behind genetic set
of rules is, all units should allocate the essential power load at
lowest coal cost, though sustaining the coordination limitations.
Simulation is executed on assessment system with six generators
using Mat-lab. The results are shown for 24 hour loads with
optimal generation of 6 generators including transmission losses
and cost of real power generation.

Index Terms: Economic load dispatch (ELD), Genetic
algorithm (GA), equality — inequality limitations, transmission
line losses (PL).

I. INTRODUCTION

The scope of active power coordination is cumulative
quickly to encounter the energy necessities. Huge (many)
power stations are connected together to source the system
burden by coordination of active plants. Through the
expansion of coordination of systems it is compulsory to
activate the active unit maximum carefully. The commercial
group forecast difficult includes two distinct stages
specifically the active unit commitment and the connected
profitable dispatch. The active commitment is the excellent
of units that resolve source the predicted load of the scheme
finished a mandatory duration of period at lowest price as
well as scores a specified boundary of the functioning
reserve. Meaning of operational financial dispatch is to
dispense the power between the producing components truly
paralleled by the structure in such a way as it diminish the
complete price of the coal [1]. With the growth of combined
power system, it develops essential to function the plant units
cautiously. A significant independent in the process of active
power coordination is toward produce and supply energy to
encounter the coordination power demand at lowest coal cost
by a finest synthesis of several categories of plants. Thus
ELD inhabits an important place in the electric power system.
For any stated burden condition, ELD defines the power
output for each plant (and each generation inside the plant)
that will reduce the whole cost of fuel required to assist the
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system load taking in attention all practical limitations [2].
The features of up-to-date components are typically
extremely nonlinear (rate limits, valve-point effect, etc) and
consuming numerous native lowest points in the price
purpose. Their appearances are approached to happen the
supplies of traditional sharing set of rules foremost to best
answers and ensures in high income loss in the meantime.
Deliberation of extremely nonlinear features of the
components necessitates extremely vigorous set of rules to
avoid receiving impacted at native optima [3].

Genetic algorithm (GA) method is effectively applied to
ELD. GA method is founded on the philosophy of usual
genetics and normal selection. A good benefit of GA is by
stochastic rules in its place of deterministic procedures to
hunt the disconnection. Therefore universal finest of the
problem can be advanced with prospect high [4]. There are
dissimilar methods to resolve the ELD difficulties, many of
those are measured programming approaches and remaining
are finest techniques. The best shared recycled procedures in
preceding investigation are Perturb and Observation, Lambda
technique, Gradient approach, interior point approach,
penalty function approach and Newton approach. These
approaches are flawless in the illustration when the coal price
curve of the steam power group components is lined and
monotonically growing. However, the coal price plot is not
linear in run-through. Consequently, empirical best
approaches are measured well for solving composite ELD
difficulties [5]. GA has remained cast-off to explain tough
complications with unprejudiced purposes which do not own
possessions such as stability, differentiability. These set of
rules uphold & deploy a combination of answers and
instrument an existence of the best plan in examine for a
healthier answer. G A is recycled to solve the economic
dispatch difficult under certain equal and unequal limitations.
The fairness limitation reproduces active power equilibrium,
and the unequal limitation reproduces the limit of active
source generation [6-7].

These methods take countless computational periods
because of indecorous collection of the switch limitations.
GA is the stochastic universal exploration and finest process
that imitates ordinary organic growth such as range, limit and
alteration. GA is fashionable with a usual of applicant
answers called inhabitants (signified by chromosomes). At
every group, couples of chromosomes of current population
are designated to friend with individually additional to
harvest the offspring for the subsequent group. The genes that
are designated to system the novel offspring are designated
conferring to their capability. In common, the genes with
established suitability values have advanced prospect to
replicate and endure to the following generation. Although
the genes with inferior best
values incline designate
rejected. The procedure is
recurrent till a conclusion
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disorder is stretched (for instance extreme number of groups

8.

Il. PROBLEM FORMULATION

The concept of the ELD approach is to reduce the entire
coal cost of steam run power units exposed to the working
limitations of an active system. The price purpose of popular
of source elements is a non - linear purpose and cannot be
cracked by methodical approaches, so an iterative procedure
is suggested using GA approach. Here, the objective purpose
of steam run-through active units is defined as [1]

Ci=a;*Pgi’+b*Pgi+ d; 1)
where ga; is a variable representing losses in the scheme, b; is
the variable representing coal cost and d; is the variable for
income and earnings, interest and decrease. The finest
scheduling for steam run through active plants ought to be
considered forecasting over-all electric active generation
equal to the load requirement & line real power losses, which
can be written as:
Zi=1 PsitPL+Pr=0 (2
n = entire number of producing plants, Ps; = real power
source of i" plant, P+ = total real power transmission loss, P
= coordination burden. The real power transmission line
losses will increases with the real power, relocated from the
source station to the load centers rises. Usually, the line
losses are reflected to analyze from 5 to 15 percent of the
entire burden. If the control factor of burden at all buses is
presumed to continue same the system power loss Py can be
exposed to be a purpose of active power source at each plants
i.e
PT:PT(P51,P52, ....... PSn) (3)

Unique of the greatest important and humble method on
behalf of transmission active line loss is an estimated way as
a purpose of source powers through B-Coefficients is given
by Kron’s formula
Pi=Xi_ 271 PsiBiPs; (4)
Where Ps;, & Pg; are variables for active power source at

ity and jy, power unit. Bjj is the variable for loss constants. The
inequality limitation is given by

Ps">Ps>Ps™" )

Maximum real power source PV Minimum real
power source Pg™".

1. METHODOLOGY

Genetic set of rules are unique of the finest habits to
resolve a difficult for which tiny information is identified.
They remain actual set of rules and so resolve work efficient
in some search universe. That is to be recognized is wanted in
the resolution to be clever to do fit, and a hereditary
procedure will be able to produce a high excellence solution.
Genetic procedures usage the codes of range and
development to crop several explanations to an assumed
statement. Genetic procedures incline to flourish in setting a
very huge set of applicant explanations and where the search
universe is irregular and has numerous peaks and valleys.
Genetic procedures will do well in any location. They are
unigue of the utmost influential approaches to rapidly make
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good excellence explanations to a declaration. GA’s function
on sequence organizations. The sequence is two numbers
expressive a coding of control variables for a given
statement.

The each variable of the given statement is coded with
sequences of bits. The individual bit is termed ‘gene’ and the
satisfied of the each gene is termed ‘allele’. The complete
sequence of such genes of all variables written in a sequence
is called a ‘chromosome’ so there exist a chromosome for
each theme in the search space. In this methodology, a GA
candidate solution is signified as a linear sequence equivalent
to a biological chromosome. The overall scheme of GAs
starts from inhabitants of arbitrarily generated candidate
clarifications (chromosomes). Respective chromosome is
then estimated and given a rate which resembles to a fitness
level in objective purpose space. In every generation,
chromosomes are elected based on their fitness to replicate
offspring. Chromosomes with a great level of capability are
more expected to be reserved while the ones with little fitness
tend to be rejected. This procedure is called selection. After
selection, offspring chromosomes are made from parent
chromosomes consuming operators that look like crossover
and mutation appliances in evolutionary concept. The
crossover mechanism, occasionally called recombination,
yields new offspring chromosomes that receive evidence
from both edges of parents by uniting partial sets of
fundamentals from them. The mutation operator arbitrarily
changes basics of a chromosome with a little probability.
Over numerous generations, chromosomes with advanced
fitness values are left founded on the existence of the rightest.
Search space: The universe for all likely feasible resolution
is called search space. A usual of search points designated
and used for dispensation is named population i.e. population
is a conventional of chromosomes. The amount of
chromosome in a population is named population scope and
the amount of gene’s in each sequence is called string length.
The population is treated and estimated through various
operatives of GA to produce a new population and this
procedure is conceded out till universal optimum points are
touched. The objective occupation is used to deliver aamount
of how individuals have achieved in the problematic domain.
In the situation of a minimization difficult, the suitable
individual will have the lowest arithmetical value of the allied
objective function. This raw amount of fitness is typically
only used as middle stage in defining the relative
performance of entities in a GA. Another function, the ability
function is generally used to transform the objective function
value into a degree of relative aptness, thus
F(x) =g (f(x)) (6)
Where ‘f* is the objective function, ‘g’ convert the value of
the objective role to a non-negative value and ‘F’ is
subsequent relative aptness. In many circumstances, the
amount of offspring’s that a distinct can but to harvest in the
next generation. It includes nothing more than exchange of
genes and sequence cloning. This lets GA to yield good
outcomes in conditions which are rigid to attain through
many conservative methods. The additional attraction to such
a procedure is that it is enormously vigorous with respect to
the difficulty of the problem [10].
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A. Genetic Set of rules Operator

At every generation, GA customs three operators to
generate the new population from the preceding population.

Selection or Reproduction: Selection operator is typically
the major operator realistic on the population. The
chromosomes are designated founded on the Darwin's growth
theory of existence of the appropriate. The chromosomes are
nominated from the population to yield offspring founded on
their values. The chromosomes with advanced suitability
values are more probable to causal offspring and are simply
derivative on into the following population. The usually used
imitation operator is the proportionate replica operator. The
i" sequence in the population is designated with a probability
relative to F; where, F; is the suitability value for that
sequence. The probability of selecting the i™ sequence is:

Pi=Fil Y71 Fj (7

Where n is the variable for population size, the usually
used choice operator is the roulette-wheel choice method.
Meanwhile the circumference of the wheel is noticeable
according to the sequence fitness, the roulette-wheel
apparatus is expected to make Fi / Favg duplicates of the i"
sequence in the mating pool. The average aptness of the
population is:

Favg = Z?:l Filn (8)
Crossover or Recombination: The elementary operator for
creating new chromosomes in the GA is that of crossover.
The crossover yield new chromosomes have specific parts of
both parent chromosomes. The humblest form of crossover is
that of solo point crossover. In distinct point crossover, two
chromosomes sequences are designated arbitrarily from the
mating pool. Following, the crossover site is nominated
arbitrarily along the sequence length and the binary digits are
exchanged between the two sequences at crossover place.
Mutation: The mutation is the operator in GA. It stops the
premature discontinuing of the set of rules in a native
solution. This operator arbitrarily flip-flops or changes one or
more bits at arbitrarily selected locations in a chromosome
from 0 to 1 or vice versa.

B. Variables of GA

The presentation of GA depends on superior of GA
parameters such as:
Population Size (N): The population magnitude affects the
competence and presentation of the set of rules. Higher
population scope increases its variety and decreases the
probabilities of early unite to a local finest, but the times for
the population to unite to the finest regions in the search
space will also growth. On the additional hand, minor
population scope may consequence in a poor presentation
from the set of rules. This is due to the procedure not casing
the whole problem space. A decent population size is about
20-30; nevertheless sometimes sizes 50-100 are reported as
best.
Crossover Rate: The crossover rate is the variable that move
the rate at which the procedure of cross over is applied. This
rate usually should be high, about 80-95%.
Mutation Rate: It is a subordinate search operator which
raises the variety of the population. Low mutation rate helps
to stop any bit position from getting trapped at a single value,
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while high mutation rate can result in fundamentally random
search. This rate should be very little.

The generational procedure is repetitive until a finish
condition has been pleased. The common dismissing
conditions are: fixed number of generations touched, a best
solution is not different after a set number of repetitions, or a
cost that is inferior to an acceptable minimum [8].

C. Proposed Algorithm

1) Accept data, namely cost coefficients a;, b;, d;, length of
sequence, no. of iterations, population magnitude, chance of
crossover and mutations, power demand and P™" and P™ .
2) Generate the initial population arbitrarily in the binary
method.

3) Interpret the sequence, or obtain the decimal integer from
the binary sequence using equation

yt=Yl_, 2"/ (G=12...L) 9)
where b variable i" binary value of the j" string, | is the

length of the sequence; L is the number of sequences or

population extent.

4) Compute the real power in MW produced from the

interpreted population by using equation

. . pmax_pmin .
Pi] — Pimm 4+ a yi]
(i=12.NG,j=12.L) (10)
where | is the variable number of sequences or population
size, y{ is the binary coded assessment of the i" substring.
5) Check Pij ) )
if Pij_> Pimax, then set Pi_J: Pimax

if Pl<P™ then set P/= P;™" (11)
6) Discover fitness if fj> fax then set fra =
if fj< fmin, then set i, = fj (12)

7) Determine the population with maximum aptness and
average aptness of the population.

8) Select the parents for crossover by means of stochastic
residue roulette wheel collection method.

9) Achieve single point crossover for the designated parents.
10) Execute mutation.

11) If the number of iterations spreads the maximum, then go
to step 12. Else, go to step 2.

12) The aptness that generates the smallest total generation
cost is the solution of the problem.

IV. RESULTS AND ANALYSIS

To authenticate the effectiveness of the planned algorithm,
a six unit thermal power generating plant was verified. The
proposed set of rules has been executed in MATLAB. The
proposed set of rules is analyzed & applied to 6 generating
units & 3 generating units with generator constraints and
transmission real power losses.
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Test Case I:

The fuel cost figures of the six steams operating real power
generating units were given in Table I. The real power load
demand for 24 hours is given in Table Il. Transmission loss
or B-loss coefficients of six units system is given in Table I1I.
Table IV & V gives the best forecast of all generating units,

cost in Y axis. Fig 1 shows time and real power generation
along with real power loss. Fig 2 shows time and fuel cost
along with load demand. Fig 3 shows graph of best fitness,
mean fitness with generation for load demand of 1201 MW.
The number of variables and current best individual is shown
in other graph.

b Time Pe1 Ps2 Pes Pea Pes Pcs
real power Ipss and total fuel cost for 24 hours by using GA (HP) MW) | (MW) MW | (MW) | (Mw) | (Mw)
approach. Figures 1 & 2 shows the relation between power )
generations of all units, power loss, fuel cost of each unit and 1 399.14 | 130.527 | 202.7 | 74.387 | 117.6 | 51.547
24 hours load by the GA approach. Certain variables must be 3 8 7
allocated for the use of GA to resolve the ELD difficulties as 2 399'30 130.115 ;96'0 79.910 ;06'8 >0.028
follows, Populatlo_n_ scope =50, nur_nber of generations = 500, 3 39197 | 122792 | 2117 | 72512 | 1041 | 50071
Crossover probability = 0.8, Mutation probability = 0.05. 5 7 1

4 399.52 | 121.697 | 203.8 | 71.555 | 102.6 | 50.501
Table I. Steam operating plant cost data of 6 units 9 1 2
5 391.92 | 124.724 | 2117 | 72512 | 104.1 | 50.071
Unit aj bi di PGimm PGimax > 7 1
RMWY) | RsMW) | Rs) | (Mw) MW) 6 403.73 | 132.021 | 198.4 | 83386 | 116.1 | 50.574
! 0.0070 ! 240 100 °00 7 49105 23 | 132.480 izo 4 | 82.030 221 4 | 50.222
2 0.0095 10 200 50 200 . : o : - )
3 0.0090 8.5 220 80 300 8 419.46 | 140.977 | 223.7 | 86.130 | 127.0 | 50.047
4 0.0090 11 200 50 150 1 7 2
5 0.0080 105 220 50 200 9 443,78 149.648 249.3 108.82 142.7 61.823
6 0.0075 R 190 50 120 3 L 8
10 450.82 | 159.963 | 246.5 | 111.28 | 151.9 | 60.974
6 0 9
11 459.63 | 169.325 | 254.7 | 121.22 | 157.1 | 73.657
Table I1. Real power Load for 24 Hrs of 6 units 9 2 4
12 466.36 | 180.129 | 256.7 | 125.44 | 163.9 | 79.186
Ti Po | Time Po Time Po Time Po 7 7 8
me( | (M | (Hr) (MW | (Hr) (MW) | (Hr) M 13 45190 | 166.465 | 258.2 | 121.22 | 158.6 | 67.702
hr) | W w 4 2 7
1 | 955 7 989 13 1190 19 115 14 468.16 | 195.510 | 263.1 | 124.70 | 156.7 | 80.522
9 4 5 0
2 | 942 8 1023 14 1251 20 129 15 473.03 | 178.791 | 2700 | 131.73 | 161.1 | 86.983
0 7 2
3 | 935 9 1126 | 15 1263 21 122 16 466.64 | 179.202 | 265.2 | 133.02 | 162.2 | 81.655
2 0 3
4 | 930 10 1130 16 1250 22 984 17 465.55 | 171.676 | 263.3 | 124.80 | 155.1 | 76.322
5 | 935 11 1201 17 1221 23 975 1 7 8
TR 5 RS 0 302 51960 18 268.44 167.737 357.4 121.97 €1552.5 68.395
19 448.65 | 162.078 | 245.1 | 11049 | 154.9 | 69.847
Table 111. B-coefficients 3 2 3
20 43492 | 152313 | 2323 | 105.44 | 140.1 | 54.907
7 7 8
0.0017 | 0.0012 0.0007 [ -0.0001 | -0.0005 | -0.0002 1 175 13599 12577 82991 1266 | 3083
0.0012 | 0.0014 0.0009 0.0001 | -0.0006 | -0.0001 6 5 1
0.0007 0.0009 0.0031 0 -0.0001 | -0.0006 22 410.56 134.740 210.8 | 80.725 118.8 | 50.643
0 4 6
-0.0001 | 0.0001 0 0.0024 | -0.0006 | -0.0008 23 398.27 | 135.136 | 217.5 | 83.410 | 1109 | 51.771
-0.0005 | -0.0006 | -0.0001 | -0.0006 | 0.0129 | -0.0002 7 0 5
-0.0002 | -0.0001 | -0.0006 | -0.0008 | -0.0002 | 0.0015 24 398.67 | 126.857 | 207.6 | 88.734 | 108.8 | 50.433
2 6 9

Results for Test Case I:

The values in table 1V explains the optimal generation
scheduling for different loads in 24 Hrs. All generating units
are within its constraints limits. The values in table V shows
power loss and cost of fuel for 24 Hrs & the cost for
generating real power for one day are shown.

Table IV. Optimal load scheduling of 6 steam operating
units

The graphs is displayed for time in hrs in X axis and Real
power generation of 6 thermal power plants, power loss, fuel
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Table V. Power loss and Fuel cost of 6 generating unit
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Demand (MW)

Time P.(M Fuel Time PL(MW) Fuel
(Hr) W) cost(Rs (Hr) cost(Rs) . o
) u] Besl 145495 Weam 277385
1 21.06 | 11523 13 34.1951 14696 _: S
47
2 20.26 | 11354 14 37.7624 15558 L
41 gyt
3 20.11 | 11262 15 38.7380 15727 o S
75
4 19.72 | 11198 16 37.9422 15541
06
5 20.11 | 11262 17 35.9231 15131 ]
75
6 2134 | 11628 18 345417 14864 E
29 o - L : + 2
7 2281 | 11966 19 32.2034 14264 T " amberotinssies 5
17 . . .
3 2420 | 12416 20 281603 13342 Fig 3: Generation Vs Fitness value (Best & Mean)
93
9 30.18 | 13809 21 24.4307 12417
12 Table VI. Data for cost coefficients
10 3154 | 14139 22 22.3769 11901
89 Unit | A Bi d; Pe™ | Pa™
1 3471 | 14849 23 22.0556 11783 (R/MW?) | (R/MW) | (Rs) | (MW) | (MW)
54
12 | 3689 | 15328 | 24 | 212574 | 11587 1 | 0008 ! 200 | 10 8
03 0.009 6.3 180 | 10 80
Total cost (Rs/day) 3178547 0.007 6.8 140 10 70
Table VII. Optimal load scheduling for 150(MW) with 3
500 steam operating units
450
5
S 400 Pci(MW) | Pe(MW) Pes(MW) PL(MW) Cost
% 350
g 300
3 20 e 33.2888 63.9447 55.432 2.665 1600
3 200 = - I
8 e T ] ) ] ]
g — — - Fig 4 shows graph of best fitness, Mean fitness with
g generation for load demand of 150 MW. The number of
o - variables and current best individual is shown in other graph.
OU 5 10 15 20 25

TIME IN HRS

Fig 1: Time in Hrs Vs Generation scheduling and losses in

MW

Test Case I1:
The steam operating plant cost statistics of 3 producing units
is shown in table VI. The result for optimal load scheduling,
power loss, cost of real power generation for load demand
for 150 MW is shown in table VII.

1300

1200
2
=
= 1100
g
1000
_
900
0 5 10 15 20 25
Time in Hrs
x 10"
s 1.6
’;3 /\/ ~—_
[
g 14 >
(=
g
212
s -
?
o
o 1
0 5 10 15 20 25
Time in Hrs

Fig 2: Time (Hrs) Vs Fuel cost (Rs/Hr) and load
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10" Best: 1599.99 Mean: 9517.41

Fitness value

o 50 100 150 200 250 300 350 400 450 500
Generation
Current Best Individual

Current best individual

2
Stop Pause Number of variables (3)

Fig 4: Generation Vs Fitness value (Best & Mean)

V. CONCLUSION

The planned set of GA rules has been executed for
cracking the ELD statement of a power system contains of 6
units & 3 units. The total fuel cost obtained for optimal power
scheduling of different loads by GA is optimal. GA set of
rules method offers high quality with fast conjunction
characteristic.
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The lambda repetition method is also appropriate, but it
can unite to the least generation cost after so many
repetitions. It has been detected that genetic set of rules is
capable of enhancing any kind of problems regardless of load
demand. The results conferred above are attained after
significant reduction in Fuel Cost of Generators and satisfies
each and every limitation.
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