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Abstract- Economic Load Dispatch (ELD) is the process of allocating the required load between the generation units such 
that the operation cost is minimized. In this paper, Flower Pollination algorithm (FPA) is implemented to solve Combined 
Economic Emission Dispatch (CEED) problem in power systems. The CEED problem can be solved by summing the 
generation cost minimization and emission minimization by considering the weighting factor with the effect of valve point 
loading while satisfying the constraints. Results for various test system such as 3-unit and 10-unit system for generator cost 
minimization, emission minimization and for CEED with the effect of valve point loading are discussed. 
 
Index terms- Economic load dispatch, Emission, Combined Economic Load Dispatch, Valve point loading, weighting 
factor, Flower Pollination Algorithm 
 
I. INTRODUCTION 
 
The operation planning of a power system is to 
maintain a high degree of economy and reliability. 
The Economic Dispatch (ED) problem in a power 
system is to decide the optimal combination of power 
outputs for all generating units which will minimize 
the total fuel cost for critical load and operational 
imperatives. The ED operation is performed at energy 
control centre every few minutes to allocate the 
optimal real power generation to the committed 
generators in a power network [1, 2]. The CEED 
problem considers environmental impacts of emission 
of gaseous pollutants of fossil fueled power plants 
and the effect of valve point loading. By introducing 
ripples in the characteristics of generator input-output 
curve the valve point makes the CEED problem as a 
non smooth optimization problem. CEED is a 
conflicting multi objective problem. Various 
techniques have been proposed to solve this multi 
objective problem. 
 
A Modified Non-Fuzzy Neuron (MNFN) based 
model [3] has been developed for the online solution 
of the complex, nonlinear CEED problem. As 
indicated by [4] the classical method of tackling ED 
issues was through performing lambda iteration and 
gradient techniques, which requires the unit input-
output curves of generators. However because of 
prohibited working zones these bends don't 
demonstrate a monotonic rise. More recent 
approaches are evolutionary algorithms such as 
genetic algorithm (GA) [5] and Particle Swarm 
Optimization (PSO) method [6] and though 
evolutionary algorithms can be efficient, they are 
computationally expensive and may result in 
premature convergence. Also hybrid methods for 
economic dispatch problem are presented, such as 
Hybrid multi agent based PSO (HMAPSO) [7] and 
Gravitational Search Algorithm (PSOGSA) [8]. Due 

to valve point loadings, the input-output 
characteristics of generating units are non-convex, 
Dynamic programming method [9] can solve such 
types of problems, but has disadvantage from the 
curse of dimensionality. Basu [10] analyzed the 
interactive fuzzy satisfying based Simulated 
Annealing technique for CEED problem with non-
smooth fuel cost and emission level functions. 
 
Flower Pollination Algorithm (FPA) is proposed in 
[11] to solve the CEED problem by considering the 
effect of valve point loading as well as transmission 
losses. This paper, organized as follows: In section 2, 
provides a summarization and mathematical 
formulation of ELD, Economic Emission Dispatch 
(EED) and CEED problem. In section 3, introduces 
the concept of FPA. In section 4, results are discussed 
and finally section 5 provides the conclusion. 
 
II. PROBLEM FORMULATION 
 
The CEED problem is to minimize three computing 
objective functions: total generation cost, emission 
and CEED with the effect of valve point loading of a 
power system while satisfying the various equality 
and inequality constraints. The problem is formulated 
as shown below. 
 
2.1. Generation cost minimization: 
The motivation behind ED problem is minimizing 
total generation cost while fulfilling the constraints. 
The equation (1) shows the objective function of an 
ED problem, 

Ft=∑ 퐹i (Pi)          (1)  
 

퐹  is the total fuel cost 
퐹 (푃 ) is the fuel cost of each generating unit i , a 
quadratic equation has been formulated in order to 
represent the fuel cost function by the following 
equation,  
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 퐹 (푃 ) = 푎 푃 + 푏 푃 + 푐         (2) 
Where 푎 , 푏 , 푐  are the coefficients of 푖  unit. 
 
2.2. Emission minimization: 
The emission function of all pollutants 
including  퐶푂 ,푁푂 ,푆푂  caused by fossil fuel fired 
generator can be modeled as a quadratic function. 
However, for comparison purpose, the total emission 
of this atmospheric pollutant from a thermal 
generating unit can be modeled as the sum of a 
quadratic and an exponential function of active power 
output of generating units [10] and is expressed as 
shown in the equation (3).  
퐸 = ∑ (훼 푃 + 훽 푃 + 훾 + η exp(훿 ∗ 푃 ))      (3) 
 
Where 퐸  is the total emission cost and 훼  ,훽  ,훾  ,휂  ,훿  
are the emission coefficients of generator i. 
 
2.3. Effect of valve point on fuel cost: 
The production cost of a generating unit is normally 
determined by using quadratic function shown in 
equation (2). Large steam turbine generators have a 
number of steam admission valves that are opened in 
sequence to obtain non-linear rippled input output 
curve [12] as shown in figure 1. Ignoring the valve 
point loading effects, some inaccuracy would result in 
the generation dispatch. 
 
The impact of valve point loading and generators 
describes the accuracy of model are mentioned as 
quadratic and sinusoidal function [13] as shown in 
equation (4). 
 

$/MWh
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Figure 1: valve point loading 

 
A : Primary Valve B : Secondary Valve 
C : Tertiary Valve D : Quaternary Valve 
E : Quinary Valve  
Ft = ∑ (퐹 (P ) + d ∗ sin ( 푒 ∗ (푃 − 푃 )))      (4) 
 
Where n is the total no. of generators, 푎 ,푏 ,푐 ,푑 ,푒  
are the fuel cost coefficient of generator i, 
푃  – Power generated by generator i 
푃  – Minimum power generation limit. 

2.4. Constraints: 
2.4.1. Generation capacity constraints: 
In this constraint, the power output of each generator 
is restricted by minimum and maximum power limits 
as    
푃 < 푃 < 푃    i =1, 2,….n   (5) 
 
Where,  푃  : Minimum power generated 
 푃   : Maximum power generated  
 
2.4.2. Power balance constant: 
According to this constraint, the total power 
generated must equal to the power loss and power 
demand in the network.  

∑ 푃 = 푃 + 푃     (6) 
Where,  푃   - Total load demand 

푃  - Power loss in the network 
 
2.4.3. Network losses: 
The transmission losses must be taken into account to 
achieve ED. To calculate total transmission loss using 
kron’s loss formula is given in equation below, 
푃 = ∑ ∑ 푃퐵 푃 +∑ 퐵 푃 + 퐵        (7) 
 
 퐵  Constants are called B coefficients or loss 
coefficients. It is assumed with small error, these 
coefficients are constant. 
 
2.5. CEED formulation: 
The objective function has to be found out subject to 
equality and inequality constraints given by equations 
(5) and (6) by introducing a price penalty factor 
h($/ton), the bi-objective CEED problem is converted 
to a signal objective form [14]  as follows:   
Minimize  F = 퐹 + ℎ ∗ 퐸     (8) 
 
2.5.1. Weighted sum method (WSM): 
The WSM transforms a set of objective functions into 
single objective. Each objective is multiplied by a 
user-supplied weight which is usually in proportion to 
the importance of the objective. Equation (9) is the 
combined objective function that considers the price 
penalty factor h ($/ton) necessary to reflect the 
different ranges of values of each objective. 
 퐹 = 퐹 푤 + (1 −푤)ℎ퐸                       (9) 
 
Weighting factor w can be any number between   0 
and 1. The factor h, is the ratio of the maximum 
generation cost to the maximum emission amount is 
determined by Equation (10).  
 
The price penalty factor h, which is the ratio between 
maximum generation cost and maximum emission 
subjected to constants given in equations (5) and (6) 
of corresponding generator in $ /kg, blends the 
emission with fuel cost, then F is the total operating 
cost in $. 
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 ℎ =  ( )
( )

      (10) 

III. FLOWER POLLINATION ALGORITHM 
 
In this paper, new optimization algorithm based on 
flower pollination process has been used .FPA was 
introduced in 2012 by Xin-She Yang [11]. Flower 
pollination is typically associated   with the transfer 
of pollen, and such transfer of pollens often linked 
with pollinators such as birds, insects, bats and other 
animals.  There are two types of pollination. They are 
abiotic and biotic on the other hand, pollination can 
be executed by self-pollination or cross-pollination. 
Self-pollination is the pollination of one flower from 
the pollen of the same flower or other flowers of the 
same plant. Cross-pollination or allogamy, means 
pollination can occur from pollen of a flower on a 
different plant. 
 
The purpose of FPA is the survival of the fittest and 
the optimal reproduction of plants in terms of 
numbers as well as fittest, the algorithm is inspired by 
the reproduction strategy of the flow pollination 
process of flowing plants. For simplicity, the 
following four rules are used: 

1. Biotic and cross pollination may be considered 
the process of global pollination & pollen - 
pollinators move thus is subject to the Levy 
flights. 

2. For local pollination, abiotic pollination and 
Self-pollination used. 

3. Generally insects can develop flower 
perseverance, which are naturally pollinators, 
this probability of reproduction of documents 
that is proportional to the similarity of the two 
flowers. 

4. The switch probability of p  [0, 1], is used to 
control interaction of local and global 
pollination, which is slightly biased toward 
local pollinator. 

Global pollination is carried by pollinators like 
insects which can travel over a long distance and 
often in much longer range. This assures the 
pollination and reproduction of the fittest, & thus we 
represent the fittest as 푔∗. The first rule and flower 
constancy can be represented mathematically as, 
                     푥  =  푥 + L ( 푥 − 푔∗)           (11)     
 
Where 푥   is the pollen i or 푠표푙  vector 푥  at iteration 
t, and 푔∗ is the current best  푠표푙   found among all 
푠표푙   at the current iteration. The parameter L is the 
strength of the pollination. Which is a step size 
parameter, a levy flight can be used from a levy 
distribution. 
   L ~  Γ( )  (  / )  .      (S >>푆 > 0)      (12) 
 
Γ (λ) is Standard gamma function, and this 
distribution is valid for large steps S > 0. Mantegna 
algorithm uses for drawing step size S through the 

use of two U and V Gaussian distributions using the 
following transformation, 

S = 
| | /        (13) 

U ~ N (0,휎 ), V ~ N (0, 1)        (14) 
U ~ N (0, 휎 ), means that the samples are drawn from 
a Gaussian normal distribution with a zero mean and 
a variance of σ2. The variance can be calculated by: 

 휎 = [ ( )
( ) . ]1/λ        (15) 

For the local pollination, both Rule 2 and Rule 3 can 
be represents as, 
 푋 = 푋 + Ɛ(푥 − 푥 )     (16) 
Here 푥  and 푥  are pollens from the diff.erent flowers 
of the same plant species. Here Ɛ   from a uniform 
distribution in [0, 1]. Flower pollination can occur at 
both local and global search. If two solutions are 
similar, the search can be local; while two solutions 
are different then the search will be global. The 
population size n and probability switch (p ∈ [0, 1]) 
are the two parameters in this algorithm. From our 
simulations, we found that p= 0.75 works better for 
most applications. 
 
Implementation of Flower Pollination Algorithm: 
Step 1: The algorithm starts by setting the initial 
values of  the parameters such as population size(n), 
switch probability(p), maximum number of iterations, 
number of generating units(d), coefficients of 
generation cost and emission, transmission loss 
coefficients(B-matrix), upper & lower limits and load 
demand (푃 ). 
Step2: Initialize the population of flower random 
solutions. 
Step3: Find the current best solution 푔∗ in the initial 
population. 
Step4: Start the iteration count i=1. 
Step5: If random is greater than p, Draw a (d-
dimensional) step vector which obeys a levy 
distribution using equation (12). Do the global 
pollination using equation (11). 
Step6: If random is less than p, Draw a uniform 
distribution in [0, 1] randomly choose j & k among 
all the solutions. Do the local pollination using 
equation (16). 
Step7: Check if all the constraints are satisfied if 
not satisfied go to step 4. Evaluate new solutions 
(outputs of generating units, cost and losses). 
Step8: If fitness improves (new solutions are 
better), update them in the current global best 
solution (i.e., fitness).Global pollination ensures the 
pollination and reproduction of the fittest and 
represent the fittest as 푔∗, generate new resident. 
Step9: Check the stop criteria reached, and then 
fitness (best solution) is reached otherwise goes to 
step4. 
Step10: Display the results such as generation cost, 
emission cost, combined cost, transmission losses and 
total power generation. 
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IV. SIMULATION RESULTS 
 
FPA is implemented and tested with three and ten 
unit systems. The loss coefficients are utilized to find 
the transmission line losses by satisfying the capacity 
constraints. The results are obtained by MATLAB 
coding. 
 
4.1.  3-Unit System 
This system consists of three generating units. The 
generation and emission coefficients are given in 
Table-1 and Table-3. The transmission loss 
coefficients of 3-unit [15] system are listed in Table-
2. For the power demand of 400MW, results of 
generation cost minimization and emission 
minimization for 3-unit system are listed in Table-4. 
Results of CEED by considering weighting factor as 
0.6 for 3-unit system listed in Table-5. The 
population size taken as 25 and probability as 0.75. 
 

 
Table 1: Generation cost coefficients of 3-unit system 

 

 
Table 2: Transmission loss coefficients of 3-unit system 

 

 
Table 3: Emission coefficients of 3-unit system 

 

 
Table 4: Results of generation cost minimization and emission 

minimization for 3-unit system. 

 
Table 5: Results of CEED for 3-unit system. 

 

4.2 10 - Unit System 
This system consists of ten generating units. The 
valve point loading effects are modeled in the cost 
functions, emission and the transmission loss are 
considered through coefficients. The generator cost 
coefficients, emission coefficients and loss 
coefficients for ten unit system is given in [16] and 
listed in appendix A. For the power demand of 
2000MW, results of generation cost minimization and 
emission minimization for 10-unit system are listed in 
Table-6. Results of CEED with the effect of valve 
point loading by considering weighting factor as 0.8 
for 10-unit system listed in Table-7. The probability 
is taken as 0.75 and population as 25.  
 

 
Table 6: Results of generation cost minimization and emission 

minimization for 10-unit system. 
 

 
Table 7: Results of CEED with the effect of valve point loading 

for 10-unit system. 
 
CONCLUSION 
 
In this paper, Flower Pollination Algorithm is 
implemented to solve CEED problem with the effect 
of valve point loading in power system. In this regard 
two different case studies including three and ten 
generation unit test systems are considered. For the 
purpose of accuracy effect of valve point loading is 
considered by semi sinusoidal curve for generation 
cost function. The results demonstrated the 
effectiveness of FPA optimization technique for 
solving complicated power system problems. Thus it 
develops a simple tool to meet the load demand at 
minimum generation cost and emission while 
satisfying the constraints. FPA provides a superior 
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performance in minimization of emission and CEED 
problems with valve point effect is confirmed. 
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APPENDIX A 

 
Table A1: Generation cost coefficients and Emission coefficients of 10- unit test system 

 

 
Table A2: Transmission loss coefficients of 10-unit system 
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