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Abstract

The main objective of the power system is to
supply the total power requirement to the
users at minimum possible fuel cost and with
minimum emissions. Combined economic and
emission load dispatch determines the
optimal generation of the power system by
minimizing the fuel cost and emission levels
simultaneously. In this paper, a new Hybrid
Gravitational Search Flower Pollination
based algorithm is proposed for achieving
improved results in the ELD problem where
gravitational search is used to decide the step
size in levy flight mechanism. This algorithm
has less number of operators and hence it can
be easily coded in any programming
language. To prove the feasibility of this
algorithm its performance is compared with
other existing algorithms.

Index Terms: ELD, FPA, OPTIMIZATION,
POLLINATION

I. INTRODUCTION

In the modern world electrical power plays a
very vital role to survive and to meet various
demands. In order to meet these demands the
generation, transmission and distribution of
power must be optimized efficiently. Electrical
power is generated by different types of power
plants using different sources for power
generation. To plan a power system and to
operate the power generation system efficiently
economic scheduling is important for all

generating units to meet and supply the
necessary load demand of all consumers. In ELD
problem, the ultimate goal is to optimize the total
generating cost by meeting the various linear and
non linear constraints and to supply the load
demand efficiently.

Economic operation of power systems is met by
meeting the load demand through optimal
scheduling of power generation. Minimization
of fuel cost is the main objective of finest power
flow (OPF) problems. Optimal real power
scheduling will guarantee economic benefits to
the power system operators and reduce the
release of polluting gases.ELD primarily aims at
optimal scheduling of real power generation
from committed units in such manner that it
meets the total demand and losses while
satisfying the constraints [10]. Achieving
minimum cost while satisfying the constraints
makes the ELD problem a highly non-linear
constrained optimization problem. The non
linearity of the difficulty is due to non linearity
and valve point effects of input—output
characteristics of generating units. The aim of
cost minimization may have multiple local
optima. There is always a demand for a
proficient optimization technique for these kinds
of highly non linear objective functions. Further,
the algorithm is expected to produce accurate
results for the ELD problem.

In the past, numerous conventional optimization
algorithms have been exploited for solving the
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OPF problems. The major drawback of those
methods was that they required smooth and
convex functions for better results and were
more likely to get trapped into local optima.
Later, evolutionary algorithms are exploited for
ELD problems and improved results were
obtained.

In the last decade, several bio inspired
algorithms are introduced and attempted for
many engineering optimization problems. Some
of the notable bio inspired algorithms are
particle swarm optimization algorithm (PSO), a
well received algorithm and utilized in almost all
engineering applications successfully. Firefly
algorithm is another recently introduced
algorithm for engineering optimization that has
been effectively used to solve the dynamic ELD
problem. Theses algorithms are highly
successful and cannot be easily trapped in to
local optima. In addition, they are comfortable
with all types of objective functions. Flower
pollination algorithm FPA is one such nature
inspired algorithm developed by Xin She Yang
[7]-[8] for engineering tasks.

The efficiency of nature/bio inspired algorithms
is proved to be outperforming even the
evolutionary based algorithms. In this paper, the
new Hybrid Gravitational Search Flower
Pollination based algorithm has been proposed
for achieving improved results in the ELD
problem where gravitational search is used to
decide the step size in levy flight mechanism.
This algorithm has lesser number of operators
and hence can be easily coded in any
programming language. To prove the strength of
this algorithm its performance is compared with
other existing algorithms.

2. Pollination Algorithm

It is believed that 80% of the plants reproduce
with the process of pollination. Flower
pollination is basically the process of transfer of
pollens from one flower (male) to
another(female)  flower.  Pollination s
characterized into two types biotic or a biotic.
90% of pollination occurs with the help of
insects and animals only the remaining 10 % is
carried by wind and other natural sources. Biotic
pollination is of two types self-pollination or
cross-pollination. [24] Cross-pollination means

when pollination takes place between two
different flowers, while self-pollination happens
in the same flower between its male and female
parts. Biotic and cross type pollinations can be
assumed as global pollination as here pollination
occurs between flowers far away from each
other.

The pollinating agents such as insects follow the
Levy flight movement, it can be employed for
global optimization [4]. Biotic and self
pollinations can be considered as local
optimization since it occurs in the same flower.
Various design constraints during the
development of the algorithm lead to limited
flexibility and loss of performance. However,
programming an algorithm with optimization
helps to overcome such constraints up to a large
extent. Rather than building a single program for
a given function, software developers develop a
large number of programs. From this pattern,
programs that perform well in a given
framework are automatically generated through
powerful optimization techniques. PBO allows
us to focus on the imaginative task of creating
possible mechanisms for problem solving, while
the tedious job of determining what works best
in a given wuse situation is performed
automatically, which reduces human labor and
the same work can be done in lesser amount of
time. Furthermore, using GSFPO, further
improves the results and reduces the
computational time of the program.

2.1 Working of Pollination Algorithm [8]:-
Based on the concept of flower pollination,
pollination algorithm is (PA) is developed.[8]

Rule 1. Biotic and cross-pollination are
considered as global pollination process and
pollen is carried by a movement which obeys
Levy flight movement.[8]

Rule 2. A biotic and self-pollination are
equivalent to local pollination process.[8]

Rule 3. Pollinators can develop flower
constancy, which is like reproduction probability
and proportional to the similarity of two flowers
involved.[8]
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Rule 4. Changing from local pollination to

proximity probability p to switch between global

global pollination or vice versa can be controlled pollination and local pollination. A preliminary

by a probability p € [0, 1].[8]

For implementation of this FPA algorithm, a set
of updating formulac are developed by
converting the rules into updating equations. In
the global pollination step, flower pollen
gametes are carried by pollinators such as insects
over longer distances. [8]

Therefore, the mathematical equivalent of Rule 1
and flower constancy is written as

wftt m ok 4 RL GGl - a2 ¥y

Where, %" is the solution vector (pollen) xi at
iteration ¢, xis the current best solution, f is the
scaling factor for controlling the step size. L(1)
depicts the strength of the pollination, which
essentially is also the step size. Since insects can
move over a long distance with various distance
steps, we can use a Levyflight to mimic this
characteristic efficiently. That is, we draw LF >
0 from a Levy distribution

A el ™4
EFE##&:&SE?M (2

Here, G(A) stands for standard gamma
distribution valid for large steps. i.e. for s> 0.

Then, to model the local pollination, both Rule 2
and Rule 3 can be represented as:
it w4 olaf =ik )
Where X and ** are pollens taken from different
flowers of the same plant species. This
fundamentally mimics the flower constancy in
given vicinity. Mathematically, if Y and
comes from same variety or is selected from
same population, this consistently become local
random walk if we derive  from a uniform
distribution in [0, 1].Pollination may also occur
in a flower from the neighboring flower than by
the far away flowers. In order to copy this, a
switch probability (Rule 4) is used through a

parametric showed that p=0.8 might work better
for most applications.

Flowchart for Economic Load Dispatch
Problem Solving using FPA

'

Read data of electrical thermal units and load demand (Cost
coefficients a. b. ¢ and power demand. constraints)

'

Initialize the input parameters n, p, iterations

'

Set the iteration counter

|

Initialize the random position of population of objective
cost function (power generation values)

|

Check if value of p<0.8 then perform levy flight distribution
and global pollination otherwise do random distribution and
local pollination ,evaluate new solution of power generation,
cost .if new solution is less than previous solution, update in

population .

Check iteration counter and constraints like power generation
limits, Find the current best solution

NS ¢

| Display Result of power Generation, fuel cost |

Fig 1. FLOWCHART FOR FPA
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Il RESULTS
INPUT DATA
Table 1. Input data for 14 bus, 6 generator
system [18

Unit | pmin | pmas | g efh) | by €$/(MW3)h)
($/Mwh)
i 10 125 756.9888 38.5390 0.15247
2 10 150 451.3251 46.1591 0.10587
3 35 210 1243.5311 | 38.3055 0.03546
4 25 225 1049.9977 | 40.3965 0.02803
5 125 315 1356.6592 | 38.2704 0.01799
6 130 325 1658.5696 | 36.3278 0.02111

[0.0001400.0000170.000015 0.0000190.000026.0.000022
0.0000170.0000600.0000130.0000160.0000150.000020
0,0000150.0000130.0000630.0000170.0000240,000019 |
| 0.0000190.0000160,000017 0.0000710.0000300.000025 |
0.0000260.0000150.0000240.0000300.0000690.000032|
0.0000220.000020 U.UUUGI90.0000250.0000320.000035]

B-Coefficients for 14 Bus, 6 Generator System
[18]

Table 2. Input Data for 39 Bus System [18]

Ut | prn P alshl | B | clSmwh)
1 10 5% 1000403 0.5407 0.12951
1 20 80 550,606 39.5804 0.10908
3 a 120 900.705 365104 0.12511
4 0 130 800705 395104 0.02111
5 50 160 156.799 385390 0.1547
6 10 20 651325 41592 0.10587
f 60 300 243531 383055 0.03546
8 10 340 1049.9% 403965 0.02803
9 1% 40 1658.569 33278 0.00111
10 150 40 1356.659 382704 0.017%9

0.000049 0.000014 0.000015 0.000015 0.000016 0.000017 0.000017 0.000018 0.000019 0.000020 ]
0.000014 0000045 0.000016 0.000016 0.000017 0.000015 0.000015 D.000016 0.000018 0.000018
0.000015 0.000016 0.000039 0.000010 0.000012 0.000012 0.000014 0.000014 0.000016 0.000016
0.000015 0.000016 0.000010° 0.000040 0.000014 0.000010 0.000011 0.000012 0.000014 0.000015
0.000016 0000017 0.000012 0.000014 0.000035 0.000011 0.000013 0.000013 0.000015 0.000016
0.000017 0.000015 0.000012 0.000010° 0.000011 0.000036 0.000012 D.000012 0.000014 0.000015
0.000017 0.000015 0.000014 0.000011 0.000013 0.000012 0.000038 0.000016 0.000016 0.000018
0.000018 0.000016 0.000014 0.000012 0.000013 0.000012 0.000016 D.H00040 0.000015 0.000016
0.000019 0000018 0.000016 0.000014 0.000015 0.000014 0.000016 0.000015 0.000042 0.000019
0.000020 0.000018 0.000016 0.000015 0.000016 0.000015 0.000018 0.000016 0.000019 0.000044 |

B=

B-Coefficients for 39 Bus System [18§]

OUTPUTS OBTAINED FOR SINGLE
OBJECTIVE ECONOMIC LOAD
DISPATCH

Table 3.Cost comparison and power generation
for 6 unit system

Power
Stno.| Method |demand| P, P, P P [ P | P | Fuel | CPUTime

() | ) [ )| ) ) () () ()| CostS) ] (o
1 FPA 1200 | 9234 | %76 | 20918 | 222.% | 30889 31891 | 50.64 | 64%67.8 | 33
7 | MODE[8] | 1200 | 10BG284 | 115945 | 2067963 | 20,0000 | 018884 3084127 5161 | 64883 | 319
3| POE18) | 1200 | 1073985 | 1221418 | 2067535 | 2037047 | 081045 033797 | SL7B | 649N | 32
4 | NSGAI[IE] | 1200 | 1131259 | 1164488 | 217.4191 | 207.9992 | 3046641 2915969 | 52.12 | 64362 | 52
5 | SPEAZLS) | 1200 | 1041573 | 1229807 | 2143553 | 203.387 | 3160307 289.93% | S1L5 | 64884 | 705

The table above shows the comparison of power
dispatch and fuel cost of 6 generator, 14 bus
system using flower pollination optimization
technique. The above results clearly state that
the power loss, fuel cost and computational time
taken by flower pollination optimization is less
as compared to other various techniques

FUEL COST

I | I I N

NSGAII[18] SPEAZ[18]

65000
64900
64800
64700
64600
64500
64400
64300

FPA

Fig 2 Cost comparison graph for various
optimization techniques

The graph shown above represent the fuel cost
for various optimization techniques
implemented on a 14 bus , 6generator system.
The comparison shows that the cost using
pollination based algorithm technique is the
minimum of all other techniques.

MODE[18]  PDE[18)
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Table 4. Generator Power Output for 6 generator
system

system using flower pollination optimization
technique. The above results clearly state that

Generator Generator Output(MW) the power loss, fuel cost and computational time
- — taken by flower pollination optimization is less
' as compared to other various techniques
P, 9876
3 30518 Table 6 . Generator Power Output for 10 unit
system
P 222.56
Generator Generator Output(MW)
Ps 308.89
Py 5032
Ps 31891 P, 8021
Total power generation 1250.64 PS 8453
Minimum Cost(Rs) 64018 p4 112.45
P 88.79
s 9453
p 288.12
P 324.56
- ) 45167
te P1 458.76
Total power generation 2033.94
' Minimum Cost(Rs) 109117
_ , i o 114000
Fig 3. Solution convergence with iteration for 6
unit system 113000 5
112000 -
The above graph shows the convergence of PBO
technique with iterations for economic load | 1000
dispatch for 6 unit system. The x axis represents | ;15950 -
no of iterations and y axis represents fuel cost. BFUELCOST
Table 5 Cost Comparison and power | 10900
generation for 10 unit system 108000
Method FPA | MODE[18]  PDE[18] | NSGAN[18] | SPEA2[18]
e Power demand 2000 2000 2000 2000 2000 107000
(Mw)
1 Py (VW) 50.32 S4.9487 549853 51.9515 529761
2 P (Mw) 80.21 745N 793803 67.2584 118130 106000
: NN RS | TeeL S0 | B | RER ) FPA MODE[12] PDE[12] NSGAI[12] SPEA2[12]
4 Py (VW) 112.45 BO.68TS 86,5842 91.355 Bi.p088
5 P (VW) B8R.79 1368551 144.4386 1340522 137.2432
B P (W) 84.53 172.6393 1657756 1749504 1729188
7 Py (VW) 288.12 2838233 2832122 2894350 2872023 . . .
Fig 4. Cost comparison graph for various
8 Ps (MW 32456 | 316.34070 327709 314.0556 3264023 . . . .
g Py (MW) 5167 | 4485973 MO1135 | 4556078 | 4488814 | optlmlzatlon teChnlqueS
10 Pao [MW) 458.76 | 436.4287 4326783 4318054 4239025
Pyoes (MW) 30.54 09117 Ba 8481 B4.52
The graph shown above represenst the fuel cost
FUEL COST 100117 | 113480 13510 | 113540 | 11350 ; o .
. : , for various optimization techniques
CPU Time (g 5 ER:r) 423 602 153

The table above shows the comparison of power
dispatch and fuel cost of 10 generator, 39 bus

implemented on a 39 bus, 10 generator system.
The comparison shows that the cost using
pollination based algorithm technique is the
minimum of all other techniques.
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0 200 400 600 800 1000 1200 1400 1600 1800 2000
Iterations

Fig 5. Convergence graph for pollination based
optimization technique for 10 unit system

IV CONCLUSION
In this paper the proposed flower pollination
algorithm is being used to solve single objective
economic load dispatch problem. The foresaid
algorithm has been used and tested upon on
IEEE 14 and 39 bus systems and has shown to
improve the optimization of the combined
economic and emission dispatch problem. PBO
is an efficient pollination based optimization
method that belongs to the class of evolutionary
methods. The results obtained by the above
mentioned FPA algorithm when tested on Case |
and II were far better than those obtained by the
existing algorithms in the literature. The given
algorithm has lesser number of operators which
minimizes the chances of solutions to get
trapped in the local minima. The computational
time of the following algorithm is also less than
the existing algorithms.
The results are found to be improved and
encouraging.
Further this technique can be also used to solve
multiobjective problems.

REFERENCES

[1] A.Y. Abdelaziz, E.S. Ali, S.M. AbdElazim
Flower pollination algorithm to solve combined
economic and emission dispatch problems
Engineering Science and Technology, an
International Journal 19 (2016) 980-990

[2] D.Vigneshwaranl, R.Sivakumar?,
S.Vijayaraj3 Flower Pollination Algorithm for
Economic Dispatch Problem with Prohibited
Zones, Ramp Rate Limits & Multi-Fuel Options
International Journal of Advanced Research in
Electrical, Electronics and Instrumentation

Engineering (An ISO 3297: 2007 Certified
Organization) Vol. 4, Issue 11, November 2015
[3] Kamalam Balasubramanil, Karnan Marcus
A Study on Flower Pollination Algorithm and Its
Applications  International  Journal  of
Application or Innovation in Engineering &
Management (IJAIEM) Volume 3, Issue 11,
November 2014 ISSN 2319 — 4847

[4]Prathiba et al. Flower pollination algorithm
applied for different economic load dispatch
problems. / International Journal of Engineering
and Technology (IJET), ISSN: 0975-4024 Vol 6
No 2 Apr-May 2014 1009

[5] S. ChetanVarma, K.S. Linga Murthy,
K.SriChandan  “Gaussian Particle = Swarm
Optimization for Combined Economic Emission
Dispatch” 978-1-4673-6150-7/13/ ©2013 IEEE
[6] MugdhaUdgir, Hari Mohan Dubey,
ManjareePandit “Gravitational Search
Algorithm: A Novel Optimization Approach for

Economic Load Dispatch” International
Conference on Microelectronics,
Communication and Renewable Energy

(ICMiCR- 2013)

[ 71 Xin-She Yang, Mehmet Karamanoglu,
Xingshi He Multi-objective Flower Algorithm
for Optimization International Conference on
Computational Science, ICCS 2013

[8]Xin-She Yang, Flower Pollination Algorithm
for Global Optimization, arXiv:1312.5673vl
[math.OC] 19 Dec 2013

[ 9] Deepan B,Janani R A Real Coded Genetic
Algorithm For Solving Combined Economic
Emission Dispatch (CEED) With Practical
Constraints International Journal of Engineering
Research & Technology (IJERT) ISSN:
2278-0181 www.ijert.org Vol. 2 Issue 6, June -
2013

[10] Dubey, Hari Mohan, Manjaree Pandit, B.K.
Panigrahi, and Mugdha Udgir. "Economic Load
Dispatch by Hybrid Swarm Intelligence Based
Gravitational Search Algorithm", International
Journal of Intelligent Systems and Applications,
2013.

[11] Sai H. Ling, Herbert H. C. Iu, Kit Y. Chan
and Shu K. Ki “Economic Load Dispatch: A
New Hybrid Particle Swarm Optimization
Approach”.

[12] N. A. Rahmat, and I. Musirin “Differential
Evolution Ant Colony Optimization (DEACO)

ISSN (ONLINE): 2395-6151, VOLUME-3, ISSUE-1, 2017



INTERNATIONAL JOURNAL OF ADVANCES IN ELECTRICAL POWER SYSTEM AND INFORMATION
TECHNOLOGY (I1JAEPSIT)

Technique in Solving Economic Load Dispatch
Problem”.

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

[14] Gaurav Prasad Dixit, Hari Mohan Dubey,
ManjareePandit, B. K. Panigrahi “Artificial Bee
Colony Optimization for Combined Economic
Load and Emission Dispatch.

[15] G. Suganya K. Balamurugan Dr. V.
Dharmalingam “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.

[16] 1. 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/
©2012 IEEE.

[17] Luis Bayon, Jos¢ M. Grau ,Maria M. Ruiz,
and Pedro M. Suarez “The Exact Solution of the
Environmental/Economic Dispatch Problem”
IEEE Transactions On Power Systems, Vol. 27,
No. 2, May 2012

[18] M.Basu “Economic environmental dispatch
using multiobjective differential evolution”

Applied Soft Computing Volll pp.2845-2853 ,
2011

[19] Kirschen, Daniel (2010). Fundamentals of
Power System
Economics.Wiley.ISBN 0-470-84572-4.

[20] Mabhor et al. (2009) in the paper “Economic
dispatch using particle swarm optimization: A
review” IEEE Transactions on Power Systems,
Vol. 27, No. 2, June 2009

[21] Park et al (2005) in the paper “A Particle
Swarm Optimization for Economic Dispatch
with No smooth Cost Functions .IEEE
transactions on power systems, vol. 20, no. 1,
February 2005.

[22] Electr. Eng. Dept., Kao-Yuan Inst. of
Technol., Kaohsiung, Taiwan, “Particle swarm
optimization to solving the economic dispatch
considering the generator constraints” Power
Systems, [EEE Transactions on Volume:
18, Issue: 3

[23] Ray D. Zimmerman, “Fast Decoupled
Power Flow for Unbalanced Radial Distribution
Systems” s

[24] Sidhartha Panda, R.N.Patel, N.P.Padhy ,
Power System Stability Improvement by TCSC
Controller Employing a Multi-Objective Genetic
Algorithm Approach.

[25] EsmatRashedi, HosseinNezamabadi-pour
,SaeidSaryazdi , GSA: A Gravitational Search
Algorithm , Information Sciences 179 (2009)
2232-2248

ISSN (ONLINE): 2395-6151, VOLUME-3, ISSUE-1, 2017

13



