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a b s t r a c t

Solving the economic and emission dispatch (ED/MED) problems separately becomes more complex
when the combined version (CEED) of the two aforementioned cases is considered. The basic idea is to
achieve the lowest possible cost with the smallest amount of pollutant and this problem is known as
the combined economic–emission dispatch (CEED). A new approach for solving the CEED is presented
in this paper. The idea consists of normalizing the two conflicting objective functions, ED and MED, using
the mean and standard deviation of the members contained in the population-based meta-heuristic algo-
rithms implemented in this study thus preventing units and scale differences when optimizing the CEED
problem. The mathematical model for each problem (ED, MED, and CEED) presented in this study is opti-
mized implementing a nonlinear optimization package named TOMLAB available for MATLAB, which
helps us to determine the best possible solution for the tested instances. A novel meta-heuristic named
Virus Optimization Algorithm (VOA) is implemented along with seven well-known algorithmic tools,
which are the Genetic Algorithm (GA), Particle Swarm Optimization (PSO), Harmony Search (HS), Differ-
ential Evolution (DE), FireFly algorithm (FF), Gravitational Search Algorithm (GSA), and Seeker Optimiza-
tion Algorithm (SOA). A comprehensive statistical study is performed to determine the quality of the
solutions delivered by the algorithmic tools when compared with TOMLAB. From the test instances, it
was observed that the proposed normalization method does not only show to be feasible, but also helps
the algorithms to achieve similar results from that coming when solving the ED and MED separately. Fur-
thermore, among the eight meta-heuristic tools (VOA, GA, PSO, HS, DE, FF, GSA, and SOA), VOA showed
outstanding performance in both solution quality and computational efficiency.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Finding the best possible allocation of power among the com-
mitted generating thermal units in order to satisfy a given demand
is the basic idea of the economic dispatch (ED) problem [1–4]. The
minimization of the operating cost is the main objective of the ED
problem, where each generating unit is subject to physical and
technological constraints. However, given that thermal power gen-
eration is a major cause of atmospheric pollution, the minimization
of the operating cost is no longer the only concern when satisfying
power demand. Consequently, the emission of pollutants such as
nitrogen and sulfur oxides (NOx and SOx) has to be minimized,
where this problem is known as the minimum emission dispatch
(MED) [5–7].

Due to the nature of the ED and MED problems, finding a high-
quality solution that not only provides a reasonable operating cost
in ($/h), but also reduces the emission of pollutants (NOx and SOx)

in (ton/h) is a very difficult task. Therefore, implementation of ex-
act optimization methods [8,9] is impractical, since they required
enormous computational effort and sometimes are unable to find
a solution to the problem under study. The aforementioned prob-
lem is known as the combined economic–emission dispatch
(CEED) problem, where several approaches have been proposed
for solving the CEED problem [10–13] whereas, in recent years
meta-heuristic algorithms have gained huge popularity [14–20].

The objectives of this paper are to solve the ED and MED prob-
lems independently, to later solve and compare the results with
that from the combined economic–emission dispatch problem.
Implementing and comparing a nonlinear optimization package
for MATLAB along with eight meta-heuristic algorithms will help
us to optimize the mathematical model proposed in this study.
The algorithmic tools are Virus Optimization Algorithm (VOA)
[21], Genetic Algorithm (GA) [22], Particle Swarm Optimization
(PSO) [23], Harmony Search (HS) [24], Differential Evo3ution (DE)
[25], FireFly algorithm (FF) [26], Gravitational Search Algorithm
(GSA) [27], and Seeker Optimization Algorithm (SOA) [28]. The
second goal and main contribution of this paper, is to further
investigate a newly proposed approach for the objective func-
tion evaluation when solving the CEED problem using
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population-based algorithms as in [16], throughout a more com-
prehensive and detailed testing process. Therefore, not only show-
ing the feasibility of the proposed approach but also its robustness
when dealing with a variety of instances implemented on different
optimization algorithms to reduce the computational effort.

The approach as in [29] avoids differences in units and scale
when combining the ED and MED; therefore, penalty factors and/
or multi-objective optimization [30,31,6] are not required. The ma-
jor difference between this paper and the one presented in [29] is
that, the robustness of the proposed method (normalization) is
extensively studied with a variety of instances and population
based algorithmic tools. The aforementioned, gives more insides
in the behavior and power of the proposed normalization method.

Section 2 of this paper introduces the necessary background for
the ED, MED, and CEED problems, respectively. Section 3 details
the approach proposed as in [29], where the normalized objective
function to be optimized by the VOA, GA, PSO, HS, DE, FF, GSA, and
SOA is introduced as well. The computational results for the test in-
stances are shown in Section 4; where the ED, MED and CEED are
analyzed. Lastly, conclusions and future research directions are ad-
dressed in Section 5.

2. Background

The combined economic–emission dispatch is the one that min-
imizes two conflicting objective functions, the operating or fuel
cost (FC) given in dollars per hour ($/h) and the emission (E) of pol-
lutants such as nitrogen and sulfur oxides (NOx and SOx) given in
tons per hour (ton/h).

2.1. The economic dispatch (ED) problem

Minimizing the total cost incurred in power generation among
the committed units (thermal generators) is the basic principle be-
hind the economic dispatch problem. The satisfaction of the de-
mand on each generating unit has to guarantee that the power
limits ½Pmin

i ; Pmax
i � of the ith generator are not violated as well as

the power balance constraint. Mathematically the economic dis-
patch problem is defined as follows [30]:

FCðPÞ ¼
Xm

i¼1

ðai þ biPi þ ciP
2
i Þ ð1Þ

subject to

Xm

i¼1

Pi ¼ PD þ Ploss ð2Þ

Pmin
i 6 Pi 6 Pmax

i ð3Þ

where i = 1,2, . . .,m, and m denotes the number of generating units.
FC(P) represents the cost of operating the thermal units, P is the
vector containing the power generated by each thermal unit, usu-
ally in per unit (p.u.) or megawatts (MW), and coefficients a, b,
and c, are the cost coefficients. Additionally (2) and (3) are the
power balance and generator constraints, where PD and Ploss repre-
sent the power demand and transmission loss respectively, while
satisfying the demand PD. The power loss is calculated using (4),
where Bij, B0j, and B00, are the loss coefficients.

Ploss ¼
Xm

i¼1

Xm

j¼1

PiBijPj þ
Xm

j¼1

B0jPj þ B00 ð4Þ

2.2. The minimum emission dispatch (MED) problem

Given the environmental considerations, the harmful emission
of pollutants produced by power generation process need to be

minimized. Many have been the possible solutions proposed to
solve this problem [31,6,32], with some of them suggesting the
installation of cleaning equipment, change of fuels with fewer pol-
lutants [2]. The emission dispatch problem is defined as in (5)
which is subject to (2) and (3), while a, b, c, f, and k are the emis-
sion coefficients. The value coming from (5) is given in ton/h;
consequently, its minimization is interpreted as the minimum
amount of pollutants emitted in order to satisfy a total demand gi-
ven by PD.

EðPÞ ¼
Xm

i¼1

ð10�2 � ðai þ biPi þ ciP
2
i Þ þ fi expðkiPiÞÞ ð5Þ

2.3. The combined economic and emission dispatch (CEED) problem

The basic idea of combining the economic and emission dis-
patch (ED/MED) in a single objective function is that, by optimizing
it, the power demand PD is satisfied with the lowest fuel cost and
pollution possible; therefore, solving the ED and MED indepen-
dently is not necessary. However, it is obvious that the solution ob-
tained by combining (1) and (5) is expected to be more difficult to
optimize than solving them separately. The objective function for
the CEED problem is detailed as follows:

/ðPÞ ¼ w1 � FCðPÞ þw2 � EðPÞ ð6Þ

where w1 and w2 are the weights for the fuel cost function FC(P) and
the amount of pollutant emitted by the thermal units E(P). The
aforementioned problem has gained popularity in the meta-heuris-
tic optimization field, where in this paper a novel and seven well-
known meta-heuristics are implemented, Virus Optimization Algo-
rithm [21], Genetic Algorithm [22], Particle Swarm Optimization
[23], Harmony Search [24], Differential Evolution [25], FireFly algo-
rithm [26], Gravitational Search Algorithm [27], and Seeker Optimi-
zation Algorithm [28]. The procedure implementing the meta-
heuristics mentioned is detailed in Section 3.

3. Methodology

3.1. Meta-heuristic algorithms

Eight meta-heuristic algorithms are implemented in this study
in order to solve the mathematical model presented as in (6). Each
algorithmic tool encodes continuous variables during the optimi-
zation process. The first optimization tool is a novel meta-heuristic
named Virus Optimization Algorithm [21], Inspired from the
behavior of a virus attacking a host cell, VOA is a population-based
method that begins the search with a small number of viruses
(solutions). For continuous optimization problems, a host cell rep-
resents the entire multidimensional solution space, where the
cell’s nucleolus denotes the global optimum. Virus replication indi-
cates the generation of new solutions while new viruses represent
those created from the strong and common viruses. The strong and
common viruses are determined by the objective function value of
each member in the population of viruses. To simulate the replica-
tion process when new viruses are created, the population size will
grow after one complete iteration. This phenomenon is controlled
by the antivirus mechanism that is responsible for protecting the
host cell against the virus attack. The whole process is terminated
based on the stopping criterion: the maximum number of itera-
tions (i.e., virus replication), or the discovery of the global optimum
(i.e., cell death is achieved).

The VOA procedure consists of three main processes: Initializa-
tion, Replication, and Updating/Maintenance. The Initialization
process uses the values of each parameter (defined by the user)
to create the first population of viruses. These viruses are ranked
(sorted) based on the objective function evaluation to select strong
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