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ABSTRACT

The Optimal or Economic Dispatch(ED) problems are the major consideration in electric power generation systems in order to
reduce the fuel cost their by reducing the total cost for the generation of electric power. This paper describes and introduces a
solution to Economic dispatch problem with valve point loading using a new nature-inspired algorithm, called firefly algorithm.
The FA( Firefly Algorithm) is a stochastic Meta heuristic approach based on the idealized behavior of the flashing
characteristics of fireflies. The aim is to minimize the generating unit’s combined fuel cost having quadratic cost characteristics
subjected to limits on generator real power output & transmission losses. This paper presents an application of the FA to ED
with valve point loading for different Test Case system. The obtained solution quality and computation efficiency is compared
to another optimization technique, called Genetic algorithm (GA) . The simulation results show that the proposed algorithm

outperforms previous optimization method.

Keywords:-Economic Dispatch, Firefly Algorithm, Genetic Algorithm.

1. INTRODUCTION

The meaning of optimization is finding a parameter
in a function that makes a better solution. All of suitable
values are possible solutions and the best value is optimum
solution [1]. Often to solve optimization problems,
optimization algorithms are used. Classification of
optimization algorithm can be carried out in many ways. A
simple way is looking at the nature of the algorithms, and this
divides the
algorithms into two categories: deterministic algorithm, and
stochastic algorithms. Deterministic algorithms follow a
rigorous procedure, and its path and values of both design
variables and the functions are repeatable. For stochastic
algorithms, in general we have two types: heuristic and
metaheuristic.

All  metaheuristic algorithms use certain tradeoff a
randomization and local search [2], [3], [4]. Most stochastic
algorithms can be considered as metaheuristic and good
examples are Genetic Algorithm (GA) [5], [12]. Many modern
metaheuristic algorithms were developed based on the swarm
intelligence in nature like PSO [13].

A new algorithm that belongs in the category of nature
inspired algorithms is the firefly algorithm,which was
developed by Dr. Xin-She Yang at Cambridge University in
2007, shows its superiority over some traditional algorithms
[5], [6]. Firefly algorithm is based on the flashing light of
fireflies. Although the real purpose and the details of this
complex biochemical process of producing this flashing light
is still a debating issue in the scientific community, many
researchers believe that it helps fireflies for finding mates,
protecting themselves from their predators and attracting their
potential prey[7-10]. In the firefly algorithm, the objective
function of a given optimization problem is associated with
flashing light or light intensity which helps the swarm of

fireflies to move to brighter and more attractive locations in
order to obtain efficient optimal solutions.

In this research paper, the firefly algorithm is used to solve
the economic load dispatch with valve point loading
optimization problem. This optimization problem constitutes
one of the key problems in power system operation and
planning in which a direct solution cannot be found and
therefore metaheuristic approaches, such as the firefly
algorithm, have to be used to find the optimal solutions.

For the efficiency and validation of this algorithm, hear using,
as an example, two case study system of 3 generators and 6
generators, and compare the solutions obtained with the ones
obtained by alternative optimization techniques that have been
successfully applied by many researchers in order to solve

these types of problems, such as the Genetic
algorithm[12][13].

2. OPTIMAL DISPATCH OR ECONOMIC
DISPATCH PROBLEM

The classical Economic Dispatch(ED) problem is an

optimization problem that determines the power output of
each online generator that will result in a least cost system
operating state. The objective of the economic load dispatch is
to minimize the total cost of each online generators .This
power allocation is done considering system balance between
generation and loads, and feasible regions of operation for
each generating unit. The basic economic dispatch problem
can be described by the following points:
a) The Fuel Cost Objective

The aim is to minimize the total fuel cost (operating cost) of
all committed plants can be stated as follows:

n
Minimize f,(X) = ZCi (P)
i=1
Where Ci( P; ) is the fuel cost equation of the ‘i‘th plant. It is

the variation of fuel cost in rupee with generated Power
(MW).
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C,(P)=2aP’+hP +c

where n is the number of units power generators of a power
plant, C;is the fuel cost of the ith generator, P;is the out power
of generator iand a;, and b;and cjare the fuel cost coefficients
of the iy generator. Normally, the fuel cost equation fi(x)is
expressed as continuous quadratic (higher order)equation, as
here, but sometimes it can be expressed in linear form, when
the coefficient cjis equal to zero. However, in both cases, the
equation expresses the variation of fuel cost ($ or Rs)with
generated power or time (MW or hr).

b) The Necessary Constraints of the Problem
The total power generation must satisfy the total required
demand (power balance)and
transmission losses. This can be formulated as follows:

i I:)Gi =D+ I:)Ioss
i=1

whereD is the real total load demand of the system, Pgjis the
ith generator’s power, and P, is the transmission losses.
These can be determined from either the load/power flow or

the matrix Bijof coefficients. In this paper, only the
Bjjcoefficients are considered

n n
Ploss = ZZBU’ RP;

e 4)

where, Bjjare the elements of the loss coefficient matrix B and
Piand Pjare the out powers of the ith and jth generator;
respectively. In this paper, the MW as the only unit of
measurement of the power balance constrain is use.

Apart from the total demand and transmission loss constrain,
there is also thegenerator capacity constrain in which the
power limits of each generator are formulated in order to have
a stable operation of a plant. The upper and lower limits are
defined as follows:

PN <P, <P¥ . for i=1...n

where PA™ and P are the lower and upper limit of the i,

generator’s out power Pg;, respectively. The power load of
each generator unit is measured in MW.

3. ED WITH VALVE POINT LOADING

The Input-output characteristic(or cost function) of a generator
are approximated using quadratic or piecewise quadratic
function, under the assumption that the incremental cost
curves of the units are monotonically increasing picewise-
linear functions. However ,real input-output characteristics
display higher order non linearities and discontinuities due to
valve-point loading in fossil fuel burning plants. The valve-
point loading effect has been modeled in as a recurring
rectified sinusoidal function as shown in Fig:1.

UMIN/SH

MW

A:Primary valve B:Secondary valve C:Tertiary valve
D:Quaternary valve E:Quinary valve

Fig:1 :- Operating cost characteristics with valve point loading
The generating units with multivalve steam turbines exhibits a
greater variation in the fuel cost functions.The valve point
effects introduce ripple in the heat rate curves. Mathematically
ELD problem considering valve point loading is
defined as:

Ci(P.):ZNj(aiF’i2 +hP +c +

d, *sine, *(P™" —F’i)})

Where, a;,b;,c;,d;,e; are cost coefficients of the i unit.
Subject to:- (i) The energy balance equation

NG
Zpu = PD + PL
i=1

(i) the inequality constraints
P™ <P <P™ (i=1,2......NG)

4. THE FIREFLY ALGORITHM

a) Description

This algorithm (FA)is a nature-inspired, optimization
algorithm, based on the social (flashing)behavior of fireflies,
or lighting bugs [3][4][9]. It was developed by Dr. Xin-She
Yang at Cambridge University in 2007, and it is based on the
swarm behavior such as fish, insects, or bird schooling in
nature. Although the firefly algorithm has many similarities
with other algorithms which are based on the swarm
intelligence, such as the Particle Swarm Optimization (PSO),
Artificial Bee Colony optimization (ABC), and Bacterial
Foraging (BFA)algorithms, it is indubitably much simpler
both in concept and implementation [1][3][4][9].Moreover,
according to recent bibliography, the algorithm is very
efficient and can perform better than other conventional
algorithms, such as genetic algorithms, for solving many
optimization problems; a fact that has been justified in a recent
research, where the statistical performance of the firefly
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algorithm was measured against other well-known
optimization algorithms using various standard stochastic test
functions [3][4][9].The main advantage of FA is that it uses
mainly real random numbers, and it is based on the global
communication among the swarming particles (i.e., the
fireflies).

The firefly algorithm has three idealized rules which are
based on some of the major flashing characteristics of real
fireflies [3][4][6]1[9].

These are the following:

(D)all fireflies are unisex, and they will move towards more
attractive and brighter ones regardless their sex.

(2)The degree of attractiveness of a firefly is proportional to
its brightness which decreases as the distance from the other
firefly increases due to the fact that the air absorbs light. If
there is not a brighter or more attractive firefly than a
particular one, it will then move randomly.

(3)The brightness or light intensity of a firefly is determined
by the value of

the objective function of a given problem. For maximization
problems, the light intensity is proportional to the value of the
objective function.

b)Attractiveness
In the firefly algorithm, the form of attractiveness function of
a firefly is the following monotonically decreasing function

[31[4]1[6][°]:
_ * -
B(r) =L, *exp(—m )mzl, ..(6)

where, ris the distance between any two fireflies,

Bo is the initial attractiveness at r =0, and

vis an absorption coefficient which controls the decrease of the
light intensity.

c) Distance

The distance between any two fireflies iand j, at positions
xand x;, respectively, can be

defined as a Cartesian or Euclidean distance as follows [3,4,9]:

ry =[x -x

wherex; s the kg, component of the spatial coordinate x;of the
iy, firefly and d is the
number of dimensions , for d =2,

r =\/(Xi _Xj)2 + (Y, _yj)2

¢) Movement

The movement of a firefly iwhich is attracted by a more
attractive (i.e., brighter) firefly j is given by the following
equation [5][6][9]:

X, =X + B, *exp(—;*) * (X; — %) +a* (rand—0.5)

where the first term is the current position of a firefly, the
second term is used for considering a firefly’s attractiveness to
light intensity seen by adjacent fireflies, and the third term is
used for the random movement of a firefly in case there are
not any brighter ones. The a is a coefficient of randomization
parameter, while rand is a random number generator
uniformly distributed in the space [0,1]. Hear Bo= 1.0, a=[0,
1]and the attractiveness or absorption coefficient vy =1.0,

which guarantees a quick convergence of the algorithm to the
optimal solution.

The basic steps of the FA can be summarized as the pseudo
code for Firefly Algorithm as follows.

Pseudocode for proposed Firefly algorithm:

Input: a,y,B0,n, MaxGeneration, B, cost- coefficients

Output: Pg; for i= 1, . . .6, f(X), f1(X), f2(X)

Begin of algorithm:

Define the objective function: max —f(Pg;), withi=1, ..., no
of generators.
Generate initial population of firefliesn=1,...,12

Light Intensity of firefly n is determined by objective function,
In =f(Pg))
Define a = 0.2, f,=1.0 and y =1.0 %necessary algorithm’s
parameters
While (t < MaxGeneration=50)
Fori=1:12
Forj=1:12
If (Ii<l))
Then move firefly itowards firefly j (move towards brighter
one)
Attractiveness varies with distance rijvia exp(—yr;)
Generate and evaluate new solutions and update Light
Intensity
End for j loop
End for iloop
Check the ranges of the given solutions and update them as
appropriate
Rank the fireflies, find and display the current best %max
solution for each iteration
End of while loop
Find the firefly with the highest Light Intensity among all
fireflies
End of algorithm
5. SIMULATION RESULTS AND DISCUSSION

To solve the ED problem with valve point loading, this
paper implement the FA in MATLAB 2008 and it was run on
a portable computer with an Intel Core2 Duo
(1.8GHz)processor, 2GB RAM memory and MS Windows 7
as an operating system. Mathematical calculations and
comparisons can be done very quickly and effectively with
MATLAB and that is the reason that the proposed Firefly
algorithm was implemented in MATLAB programming
environment. In this proposed method, each firefly represent
and associate with a valid power output (i.e., potential
solution) encoded as a real number for each power generator
unit, while the fuel cost objective i.e., the objective function of
the problem is associated and represented by the light intensity
of the fireflies. In this simulation, the values of the control
parameters are: a = 0.2, y =1.0, S, = 1.0 and n =12, and the
maximum generation of fireflies (iterations) is 10. The values
of the fuel cost, the power limits of each generator, the power
loss coefficients, and the total power load demand are supplied
as inputs to the firefly algorithm. The power output of each
generator, the total system power, the fuel cost with
transmission losses are considered as outputs of the proposed
Firefly algorithm. Initially, the objective function of the given
problem is formulated and it is associated with the light
intensity of the swarm of the fireflies.
The FA has been proposed for two case studies (3 and 6
generators) systems. In this system GA& FA Algorithms
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were used in ED with valve point loading. In table 2, results | Ploss(MW) | 13.731

obtained from proposed FA method has been compared with
other method. According to the result obtained using the FA
for ED is more advantageous then Genetic Algorithm.

a) Case study I: Three-unit system

This case study consists of three thermal units.

The Input and cost coefficients are shown in Tables 1 . In this
case, the load demand expected to be determined is PD = 850
MW.

Un [ ™ | P™ | a b c d e

it X

1 100 | 600 | 0.0016 | 7.92 561 | 300 | 0.032
2 50 200 | 0.0048 | 7.92 78 150 | 0.063
3 100 | 400 | 0.0019 | 7.85 310 | 200 | 0.042

Table 1:Data for the three thermal units of generating unit
capacity and coefficients

b)Case study I1: Six-unit system

This case study consists of six thermal units.

The Input and cost coefficients are shown in Tables 2. In this
case, the load demand expected to be determined is PD = 1263
MW.

Un | ™ | ™ | a b c d e

it X

1 100 | 500 | 0.0070 | 7.0 240 | 300 | 0.035
2 50 200 | 0.0095 | 10.0 200 | 200 | 0.042
3 80 300 | 0.0090 | 8.5 220 | 200 | 0.042
4 50 150 | 0.0090 | 11.0 200 | 150 | 0.063
5 50 200 | 0.0080 | 10.5 220 | 150 | 0.063
6 50 120 | 0.0075 | 12.0 190 | 150 | 0.063

Table 2:Data for the six thermal units of generating unit capacity
and coefficients

FA(Proposed | GA
Algorithm)
PG1(MW) | 297.25 297.27
PG2(MW) | 186.25 186.32
PG3(MW) | 367.56 367.63
Total 851.09 851.22
power
Fuel 8543.5 8543.9
cost(INR.)
Ploss(MW) | 1.2001 1.2005

Table 3:Comparison table showing simulation results of various
algorithms for three-unit system.

FA(Proposed | GA
Algorithm)
PG1(MW) | 473.27 485.56
PG2(MW) | 145.19 181.09
PG3(MW) | 295.29 244.61
PG4(MW) | 96.356 77.126
PG5(MW) | 164.98 196.72
PG6(MW) | 93.342 92.451
Total 1268.4 1277.5
power
Fuel 16200 16251
cost(INR.)

| 14.569 |

Table 4:Comparison table showing simulation results of various
algorithms for six-unit system.
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Fig2:-Comparison graph showing simulation results of various
algorithms for three-unit system.
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Fig 3:-Comparison graph showing simulation results of various
algorithms for six-unit system.

6.CONCLUSION

The proposed FA to solve Optimal Dispatch of generation
with valve point loading by considering the practical
constraints has been presented in this paper. The feasibility of
the proposed method for solving the non-smooth optimal
dispatch problem is demonstrated using three and six units test
system. Algorithm for optimal dispatch with valve point
loading, is developed for FA and GA in MATLAB. From the
comparison Fig 2 and Fig 3, it is observed that the proposed
algorithm exhibits a comparative performance with respect to
other population based technique(GA). It is clear from the
results that Firefly algorithm is capable of obtaining higher
quality solution with better computation efficiency and stable
convergence characteristic. The effectiveness of FA was
demonstrated and tested. From the simulations, it can be seen
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that FA gave the best result of total cost minimization and
reduced fuel cost and Power loss compared to the other
method.

REFERENCES

[1] Y. Liu and K. M. Passino, “Swarm Intelligence: A
Survey”, International Conference of Swarm
Intelligence, 2005.

[2] T. Baeck, D. B. Fogel and Z. Michalewicz,
“Handbook of Evolutionary Computation”, Taylor &
Francis, 1997.

[8] X. S. Yang, ‘“Nature-Inspired Metaheuristic
Algorithms”, Luniver Press, 2008.

[4] X. S. Yang, “Engineering Optimization: An
Introduction with Metaheuristic Applications”, Wiley
& Sons, New Jersey, 2010.

[5] X. S. Yang, “Firefly algorithms for multimodal
optimization”, Stochastic Algorithms:Foundations
and Appplications (Eds O.Watanabe and T.
eugmann), SAGA 2009, LectureNotes in
ComputerScience, 5792, Springer-Verlag, Berlin, pp.
169-178, 2009.

[6] S. Lukasik and S. Zak, “Firefly algorithm for
continuous constrained optimization tasks,” in
Proceedings of the International Conference on
Computer and Computational Intelligence (ICCCI
’09), N.T. Nguyen, R. Kowalczyk, and S.-M. Chen,
Eds., vol. 5796 of LNAI, pp. 97-106, Springer,
Wroclaw,Poland, October 2009.

[7] X. S. Yang, Nature-Inspired Meta-Heuristic
Algorithms, Luniver Press, Beckington, UK, 2008.

[8] S. Lukasik and S. Zak, “Firefly algorithm for con-
tinuous  constrained  optimization tasks,” in
Proceedings of the International Conference on
Computer and Computational Intelligence (ICCCI
’09), N. T. Nguyen, R. Kowalczyk, and S.-M. Chen,
Eds., vol. 5796 of LNAI, pp. 97-106, Springer,
Wroclaw, Poland, October 2009.

[9] X. S. Yang, “Firefly algorithm, stochastic test
functions and design optimisation,” International
Journal of Bio-Inspired Computation, vol. 2, no. 2,
pp. 78-84, 2010.

[10]X. S. Yang, “Firefly algorithm, Levy flights and
global optimization,” in Research and Development
in Intelligent Systems XXVI, pp. 209-218, Springer,
London, UK, 2010.

[11]P. H. Chen and H.C. Chang, Large-Scale Economic
Dispatch by Genetic Algorithm, IEEE Transactions
on Power Systems, Vol. 10, No.4, pp. 1919-1926,
Nov. 1995.

[12]D. C. Walters and G. B. Sheble, “Genetic algorithm
solution of economic dispatch with the valve-point
loading”, IEEE Trans. on Power Systems, Vol. 8, No.
3, pp- 1325-1332, Aug. 1993.

[13]Z. L. Gaing, “Particle swarm optimization to solving
the economic dispatch considering the generator
constraints”, IEEE Trans. on PowerSystems, Vol. 18,
No. 3, pp. 1187-1195, Aug. 2003.

[14] Pereira-Neto A, Unsihuay C, Saavedra OR. Efficient
evolutionary strategy optimisation procedure to solve
the nonconvex economic dispatch problem with
generator constraints. IEEE ProcGenerTransmDistrib
2005;152(5):653-60.

[15]Fan JY, Zhang L. Real-time economic dispatch with
line flow and emission constraints using quadratic
programming. IEEE Trans Power Syst
1998;13(2):320-5.

[16]Jayabarathi T, Sadasivam G, Ramachandran V.
Evolutionary programming based economic dispatch
of generators with prohibited operating zones. Elect
Power Syst Res 1999;52(3):261-6.

[17] Pereira-Neto A, Unsihuay C, Saavedra OR. Efficient
evolutionary strategy optimisation procedure to solve
the nonconvex economic dispatch problem with
generator constraints. IEEE ProcGenerTransmDistrib
2005;152(5):653-60.

[18] Roa-Sepulveda CA, Pavez-Lazo BJ. A solution to the
optimal power flow using simulated annealing. Electr
Power Energy Syst 2003;25(1):47-57.

[19]Da Silva IN, Nepomuceno L, Bastos TM. An
efficient Hopfield network to solve economic
dispatch  problems with transmission  system
representation.  Electr  Power  Energy  Syst
2004;26(9):733-8.

[20]Lin WM, Chen FS, Tsay MT. An improved tabu
search for economic dispatch with multiple minima.
IEEE Trans Power Syst 2002;17(1):108-12.

[21] Khamsawang S, Boonseng C, Pothiya S. Solving the
economic dispatch problem with tabu search
algorithm. In: IEEE International Conference on
Industrial Technology 2002, Bangkok, Thailand.
p.274-8.

[22] T. Apostolopoulos and A. Vlachos. Application of
the Firefly Algorithm for solving the EELD
problem:International Journal of Combianatorics
2011.

[23] Hardiansyah. Solving Economic Dispatch Problem
with Valve-Point Effect using a Modified ABC
Algorithm:International Journal of Electrical and
Computer Engineering2013.

Asia Conference on Information Systems, Article 46, 2011.

AUTHOR’s PROFILES

1. Dr. H. K. Verma obtained her B.E. (Electrical
Engineering) degree from Govt. engineering college,
Rewa, in 1986. M.E. ( Power Electronics) in 1992
and Ph.D. in Electrical Power System in 1997 from
Shri GovindramSakseria Institute of Technology

52



Volume 3, Issue

ITEE Journal

ISSN: - 2306-708X

2April2014

Information Technology & Electrical Engineering

©2012-14 International Journal of Information Technology and Electrical Engineering

&Science, Indore, his research interest in power
system.He has published 34 research papers in
different national and international journals and
conferences.Currentlyhe is working as a professor in
Electrical  Engineering  Department at  Shri
GovindramSakseria Institute of Technology &
Science, Indore, MadhyaPradesh.

-

d ¥

Dr. PragyaNema obtained her B.E. (Electrical
Engineering) degree from Govt. engineering college,
Sagar, in 1995, M.Tech. ( Heavy Electrical
Enginnering)from Maulana Azad College of
Technology, Bhopal in 2001 and Ph.D. in Energy
System from Maulana Azad National Institute of
Technology, Bhopal in 2010.her research interest in
power system, hybrid energy system, solar and wind
energy. She is actively involved in various research
work in the field of renewable energy. She has
published 27 research papers in different national and
international journals and conferences. She is expert
in the field of renewable energy, integrated

renewable energy system, and power system.
Currently she is working as a professor and Head of
the Department in Electrical Engineering Department
at Lakshmi Narayan College of Technology, Indore,
MadhyaPradesh.

MsShraddhaGajbhiye obtained her B.E. (Electrical
Engineering) degree from Shri GovindramSakseria
Institute of Technology & Science, Indore, in 2005
and M.E. ( Power Electronics)from the same college
in 2009.She has published 11 research papers in
different national and international journals and
conferences. Currently, she is an Assistant Professor
at Shri Vaishnav Institute of Technology & Science,
Indore, MadhyaPradesh.

53



