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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 is 
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 use 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 
global pollination or vice versa can be controlled 
by a probability p ϵ [0, 1].[8] 
 
For implementation of this FPA algorithm, a set 
of updating formulae 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 

 
 
Where,  is the solution vector (pollen) xi at 
iteration t, xis the current best solution, β is the 
scaling factor for controlling the step size. L(λ) 
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  

 
 
Here, G(λ) 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: 

 
 
Where and  are pollens taken from different 
flowers of the same plant species. This 
fundamentally mimics the flower constancy in 
given vicinity. Mathematically, if 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 

proximity probability p to switch between global 
pollination and local pollination. A preliminary 
parametric showed that p=0.8 might work better 
for most applications. 
 
Flowchart for Economic Load Dispatch 
Problem Solving using FPA 
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Fig 1.  FLOWCHART FOR FPA 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

Read data of electrical thermal units and load demand (Cost 
coefficients a, b, c 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 . 

    START 

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

Display Result of power Generation, fuel cost 

    stop 
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II  RESULTS 
 INPUT DATA 
Table 1. Input data for 14 bus, 6 generator 
system [18] 

 
 

 
 B-Coefficients for 14 Bus, 6 Generator System 
[18] 
 
Table 2. Input Data for 39 Bus System [18] 
 

 
 

 
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 

 
 
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 
 

 
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.  
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Table 4. Generator Power Output for 6 generator 
system 

 
 

 
Fig 3. Solution convergence with iteration for 6 
unit system 
 
The above graph shows the convergence of PBO 
technique with iterations for economic load 
dispatch for 6 unit system. The x axis represents 
no of iterations and y axis represents fuel cost. 
Table 5 . Cost Comparison and power 
generation for 10 unit system 

 
 
The table above shows the comparison of power 
dispatch and fuel cost of 10 generator, 39 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 
 
 Table 6 .  Generator Power Output for 10 unit 
system 

 
 

 
 

 Fig 4. Cost comparison graph for various 
optimization techniques 
 
The graph shown above represenst the fuel cost 
for various optimization techniques 
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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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 I 
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. 
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