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Abstract- Economic operation of power systems is met by imgéhe load demand through optimal scheduling
of power generation. Minimization of fuel cost letmain form of optimal power flow (OPF) problem3-[2].
Real power generations of different generatorstlaeecontrol variables in ELD problem. Optimal realwer
scheduling will ensure economic benefits to the @osystem operators and reduce the release oftipgliu
gases. In the past, numerous conventional optimizaigorithms are exploited for solving the OPBlgems
[5]. Major drawback of those methods is that theguire smooth and convex functions for better ltesand
more likely to trap into local optima. Later, eviiunary algorithms are exploited for ELD problemsda
improved results were obtained. The efficiency atfune/bio inspired algorithms is proved to be orftgening
even the evolutionary based algorithms. In thisepaphe FPA algorithm [12] is proposed for achigvin
improved results in the ELD problem. This algoritisrwith less number of operators and hence casaldy
coded in any programming language. To prove thength of this algorithm its performance is companith
other algorithms.

Index Terms-optimal power flow, economic load dispatch, flowgollination algorithm, generation cost,
Pollination based optimization

1. INTRODUCTION In the last decade, several bio inspired algorithams
Economic operation of power systems is met by mgeti introduced and attempted for many engineering
the load demand through optimal scheduling of poweptimization problems. Some of the notable bio iiresp
generation. Minimization of fuel cost is the maorrh of algorithms are particle swarm optimization algarith
optimal power flow (OPF) problems [1]-[2]. Real pew (PSO), a well received algorithm and utilized imast all
generations of different generators are the contrehgineering applications successfully [9]-[10]. efly
variables in ELD problem. Optimal real power scHadu algorithm is another recently introduced algorittfor
will ensure economic benefits to the power systerangineering optimization [11] that has been sudoégs
operators and reduce the release of polluting gases used to solve the dynamic ELD problem. Theses
ELD primarily aims at optimal scheduling of realwmr  algorithms are highly efficient and cannot easigptin to
generation from committed units in such a way titat local optima. In addition, they are comfortable hwill
meets the total demand and losses while satisfilieg types of objective functions. Researchers acrossmirid
constraints [3]. Achieving minimum cost while stisg are constantly working to develop still efficietgarithms
the constraints makes the ELD problem a large-scaly copying the behaviour of nature/species. Flower
highly non-linear constrained optimization problefhe pollination algorithm FPA is one such nature inegdir
non linearity of the problem is due to non lineardnd algorithm developed by xin she yang for  enginegri
valve point effects of input—output characteristiof tasks.
generating units. The objective of cost minimizatimay The efficiency of nature/bio inspired algorithmspioved
have multiple local optima. There is always a detnfomn  to be outperforming even the evolutionary based
an efficient optimization technique for these kinds algorithms. In this paper, the FPA algorithm [12] i

highly non linear objective function [4]. Furthéng proposed for achieving improved results in the ELD
algorithm is expected to produce accurate resoltsife problem. This algorithm is with less number of aers
ELD problem. and hence can be easily coded in any programming

language. To prove the strength of this algoriths i
In the past, numerous conventional optimizatioperformance is compared with other algorithms.
algorithms are exploited for solving the OPF pratdd5].

Major drawback of those methods is that they requir2. ECONOMIC DISPATCH PROBLEM

Smooth and convex functions for better results mmde FORMULATION

likely to trap into local optima. Later, evolutiaya

algorithms are exploited for ELD problems and iny@@ The objective of ELD is to minimize the total fuebst.

results were obtained [6]-[8]. Total fuel cost can be calculated by using onenhefthree
cost functions as discussed below.
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2.1 Quadratic cost function

The total cost of operation of generators inclufles and
maintenance cost but for simplicity only the fuelstis
considered. The fuel cost is Important for thermaver

Generator MVAR outputs:
N _ - ~ ALY _
Qr = Q5= Q5T =1, N

plants. The cost function is assumed to be smonth aReal power generation output:

taken as a quadratic curve (1).

J"-'-G J"-'-G
F=ZCE E:Fci]=zﬂi+bz'FGE +Pg (1)
=1 =1

Where NG is the total number of generation units in th
plant, ai, bi, c are the cost coefficients of generating unit
andPGi is the real power generationidfi unit.

2.2 Cost function with sineterm

When a generator is with multiple valve points saghe
case in steam turbines the cost curve is not smddte
assumption that the cost curve function is smoettoines
invalid and the results are erroneous. The efféatatve
points can be taken into account by adding a Enma Bs

in equation (2). .
e; Xsin X (PR~ By)| (2

5
-— -

ﬂ_ﬂ5+bipﬁi+cipﬂ5+

Where, Fi is the fuel cost ofith generator that has

multistage valves in its inputs.

2.3 NOx Emission Objective

The minimum emission dispatch optimizes the abo

classical economic dispatch including NOx emissio

objective, which can be modeled by using a secaddro

polynomial functions.

J\rl_:

Eyo: = Z(ﬂm + by Py + €5 iy sin(eP) tonfhr

i=1

G)

Economic load dispatch is subject to equality c@msts
like power flow equations and inequality constraifike
generator power, voltage magnitude and line poleer.f

Equality Constraints
N

Poi= Py~ Z|V[| [V, cos(8: - 8~ ;) =0
i=

N
Qi — CQus — 2|VE| |Lr:,-‘|1;.i.|sin[5i —-8;-6;)=0 (
J=1

2.

Where PD is the demand power and L is the total
transmission network losses.

Inequality Constraints

Branch power flow limit:

5 < |7

P,—Ps— P, =0

-

.

i=1 o N,

Pei"<P<PL® i=1,.....N;

e3. POLLINATION ALGORITHM

It is estimated that 80% of plants use pollinatifom
reproduction. Flower pollination is the transfer gafllen
from a male flower to a female flower. Pollinatiomay
take place in the form of biotic or a biotic. 90% o
pollination is through insects and animals only the
remaining 10 % is by wind and other natural cauBexstic
pollination may be of self-pollination or cross-liwtion.
[17] Cross-pollination means pollination occurring
between two different flowers, while self-pollinati takes
place in the same flower between its male and femal
parts. Biotic and cross type pollinations occurwestn
flowers far away from each other hence they are
equivalent to global optimization. As the pollimagi
agents like insects follow the Levy flight movemeahtan

\)ge employed for global optimization [18]. Biotic caself

Hollinations can be thought of local optimizatidnce it
occurs in the same flower.

untimely namitment to design
choices during software development often leadeds of
performance and limited flexibility. Programming by
Optimization is a design prototype that aims toi@wsuch
premature design choices and to actively develgalda
alternatives for parts of the design. Rather thaitding a
single program for a given function, software depeirs
specify a rich and potentially large design spade
programs. From this specification, programs thatopm
well in a given use framework are generated auticalat
through powerful optimization techniques. PbO alow
human experts to focus on the creative task of iniag
possible mechanisms for solving given problems uy s
problems, while the tiresome job of determining tvha
works best in a given use situation is performed
automatically, substituting human labor with conation.

urthermore, using PbO, per-instance algorithmcsels
d parallel algorithm portfolios can be obtainezhf the

same sequential source.

(6)

3.1 Working of Pallination Algorithm:-

Based on the concept of flower pollination, poltioa

algorithm is (PA) is developed.

Rule 1. Biotic and cross-pollination are considersl
bal pollination process and pollen is carried &y
vement which obeys Levy flight movement.

112



International Journal of Research in Advent Technology, Vol.3, No.4, April 2015
E-1SSN: 2321-9637

Rule 2. A biotic and self-pollination are equivalém local
pollination process.
Rule 3. Pollinators can develop flower constandyictv is

like reproduction probability and proportional tdet
similarity of two flowers involved.
Rule 4. Changing from local
pollination or vice versa can be controlled by abability
p €0, 1].

For implementation of this FPA algorithm, a set
updating formulae are developed by convertingrthes
into updating equations. In the global pollinatistep,
flower pollen gametes are carried by pollinatorshsas

pollination to global

insects over longer distances.
Therefore, the mathematical equivalent of Rule I 3
flower constancy is written as

(1)

I o B £ -
2 = 2l yL(D(xf— x)
Where,% " is the solution vector (pollen) at iterationt,
x is the current best solutiopjs a scaling factor to contro

the step sizel.(1) is the parameter that corresponds to the

strength of the pollination, which essentially iscathe
step size. Since insects may move over a long rdists
with various distance steps, we can use a Levtflig
mimic this characteristic efficiently. That is, wWeaw L >

TEST BUS a b c
SYSTEM
1 .0016 2 150
CASE 1 2 .0100 2.5 25
(14 BUS)
3 .0625 1 0
of
6 .0083 3.25 0
8 .025 3 0
n 1 .00375 2 0
2 .0175 1.75 0
CASE 2
(39 BUS) 5 .0625 1 0
8 .0083 3.25 0
11 .025 3 0
13 .025 3

0 from a Levy distribution

AT sin( T4,y 1

L= T 51+)l

(5§ = 5, = 0)

(2)  Tablel: Determination of a,b,c coeffecients

Here, GR) is the standard gamma distribution valid forThe above table displays the a,b,c coeffecientdE&E
14 and IEEE 39 bus system for the optimizationdives
the economic load dispatch problem

large steps. i.e. for s > 0.
Then, to model the local pollination, both Rulerid&ule
3 can be represented as:

(3)

t+1 _ ¢ {n:_ c'}
x0T = xp + oelx; — xg

same plant species. This essentially mimics thavedto
constancy in a limited neighbourhood. Mathematy;afl

random walk if we draw from a uniform distribution
[0, 1].Pollination may also occur in a flower frothe
neighbouring flower than by the far away flowersorder
to copy this, a switch probability (Rule 4) is ugbdough

a proximity probability p to switch between global

Utilising the data of a,b,c and loss coefficiets EEEE 14

and 39 bus systems different techniqgues have been

appkied in order to find the best solution to eaoiwload
Where ™ 1 and*x are pollen from different flowers of the dispatch problem.

In this paper

we have applied pollination based

X and*k comes from the same species or selected fro@ptimization to solve the economic load dispatobopem
the same population, this equivalently becomes callo for IEEE 14 and 39 bus systems

The table below shows the values of loss coeffisie

obtained for IEEE 14 and 39 bus systems having 5

generators and 10 generators respectively.

pollination and local pollination. A preliminary @anetric
showed that p=0.8 might work better for mo|
applications.

4. RESULTS

In this paper we have considered single objectieblpm
(emissions are not considered)for the economic Iq
dispatch of IEEE 14 and 39 bus systems

The following tables show the data utilised and rimults
obtained by applying flower pollination algorithm

st TEST LOSS COEFFEICIENTS
SYSTEM
2.1 |85 6 2 2
80 (18| -6 | 51 2
ad
60| 6 | 48| -1.3 -1.6
CASE 1 2 5 1|-1.3]| 2.18 -2.51
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(14 BUS)
2 | 2 |-16]| - 1.4
2.51
2 [ 1| 3 |-11|12|13
1.09| 1 | 1.0 |-1.9| 5 | 8
3 |1 (314 - |52
1.55
CASE 2
(30 |-01|-1|-15]/298/55 11
BUS)
12| 5| 5 | 55|13] 5
1|8 | -2 |114| 5|12

Table 2 : determination of loss coeffecients

The table above shows the comparison of power tlikpa
and fuel cost of 14 and 39 bus systems using variou
optimization techniques. The results show thatvtiae of
power output and fuel cost obtained by pollinatimased
optimization technique is better than other optatian
techniques.

This algorithm works on the basis of pollinatindhaeiour

of flowering plants. Unlike the other bio inspired
optimization techniques, PBO follows only the Ieflight
mechanism for generating the population for thetnex
generation. Being free from large number of paranset
this algorithm works well and there is not mucHidifity

in modification to suit for different problems. The
algorithm can be coded easily in any programming
language. The proposed algorithm is tested onttrelard
IEEE-14 and 39 bus system and the results are aechpa
with those of the other algorithms.

The results are found to be improved and encougagin

TEST SYSTEM | Gen | DISPATCHED POWER FUEL COST
No.
LI GA | PBO LI GA PBO
1 | 230 | 22836 | 2282
2 | 2574 | 2428 | 22.10
CASE1 3 23 | 2277 | 2210
(14 BUYS) 4 10 10.41 10
5 16 168 | 159
860.7520 | 805.55 | 792.872
1 | 1597 | 1533 | 14.92
2 15 15 15
3 | 3779 | 3868 | 36.41
4 | 6728 | 6580 | 62.15
5 40 40 40
CASE 2 6 | 185 | 195.11 | 180.5
(39 BUS) 7 [ 2540 | 2548 | 254 | 183622 | 18096.5 | 18014.25
8 | 1235 | 1269 | 1215
9 | 1836 | 1890 | 20.14
10 | 2131 | 2165 | 2125

Table 3: Comparison of power dispatch and fuel cost
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5. CONCLUSION

In this work, a new nature

[11] Mahor et al. (2009) in the paper “Economicpditch

inspired algorithm is

implemented for different ELD problems. The numakic
results clearly show that the proposed algorithwegi
better results. The FPA based optimization outperéo [12] Park et al. (2005) in the pap@resents a new
the other recently developed algorithms. The algoriis
easy to implement and can be coded in any compufds3] Park et al (2005) in the paper “A Particle $wa
language. Power system operation optimization jrobl
can be attacked with the help of this algorithmweo
system operators can also use this algorithm foiows

optimization problems.

REFERENCES
[1] S. Chetan Varma, K.S. Linga Murthy, K.SriChandan

“Gaussian Particle  Swarm  Optimization for

[14]

using particle swarm optimization: A review” |IEEE
TRANSACTIONS ON POWER SYSTEMS, VOL.
27, NO. 2, June 2009

approach to economic dispatch.

Optimization for Economic Dispatch with No smooth
Cost Functions .ieee transactions on power systems,
vol. 20, no. 1, february 2005.

Electr. Eng. Dept., Kao-Yuan Inst. of Technol
Kaohsiung, Taiwan , “Particle swarm optimization to
solving the economic dispatch considering the
generator constraints” _ Power Systems, IEEE

Transactions oWwolume: 18, Issue: 3

Combined Economic Emission Dispatch” 978-1{15] Ray D. Zimmerman, “Fast Decoupled Power Flow

4673-6150-7/13/$31.00 ©2013 IEEE

[2] Mugdha Udgir, Hari Mohan Dubey, Manjaree Pandit

“Gravitational Search  Algorithm: A
Optimization Approach for Economic Load Dispatch”
International Conference on

Communication and Renewable Energy (ICMiCR-
2013)

[3] D. P. Kothari, Yadwinder Singh Brar, HarindealP

Singh “MULTIOBJECTIVE LOAD DISPATCH
USING PARTICLE SWARM OPTIMIZATION”
978-1-4673-6322-8/13/$31.00 2013 IEEE.

[4] Sai H. Ling, Herbert H. C. lu, Kit Y. Chan aighu K.

Ki “Economic Load Dispatch: A New Hybrid Particle
Swarm Optimization Approach”.

[5] N. A. Rahmat, and |. Musirin “Differential Evalion

[6]

Ant Colony Optimization (DEACO) Technique in
Solving Economic Load Dispatch Problem”.

Sunny Orike , David W. Corne “Improved
Evolutionary  Algorithms for Economic Load
Dispatch Optimization Problems”.

[7] Gaurav Prasad Dixit, Hari Mohan Dubey, Manjaree

Pandit, B. K. Panigrahi “Artificial Bee Colony
Optimization for Combined Economic Load and
Emission Dispatch.

[8] G. Suganya K. Balamurugan Dr. V. Dharmalingam

[9]

“Multi-Objective Evolutionary Programming
Technique for Economic/Emission Load Dispatch
IEEE- International Conference on Advances in
Engineering, Science and Management (ICAESM -
2012) March 30, 31, 2012.

I. A. Farhan , and M. E. El-Hawary “MULTI-
OBJECTIVE ECONOMIC-EMISSION OPTIMAL
LOAD DISPATCH USING BACTERIAL
FORAGING ALGORITHM” 2012 25th IEEE
Canadian Conference on Electrical and Computer
Engineering (CCECE)978-1-4673-1433-6/12/$31.00
©2012 |IEEE.

[10] Luis Bayon, José M. Grau , Maria M. Ruiz , and

Pedro M. Suérez “The Exact Solution of the
Environmental/Economic Dispatch Problem” IEEE
TRANSACTIONS ON POWER SYSTEMS, VOL.
27, NO. 2, MAY 2012

for Unbalanced Radial Distribution Systems”
http://www.pserc.cornell.edu/ray/pubs/DePARS.pdf

Novel [16] Kirschen, Daniel (2010). Fundamentals of Power

System Economics. WileySBN 0-470-84572-4

Microelectronics[17] Power System Stability Improvement by TCSC

Controller Employing a Multi-Objective Genetic

Algorithm Approach by Sidhartha Panda, R.N.Patel,

N.P.Padhy 56.

[18] Flower pollination algorithm applied for diffent

economic load dispatch problems. Prathiba et al. /
International Journal of Engineering and Technology
(IJET), ISSN: 0975-4024 Vol 6 No 2 Apr-May 2014
1009

115



