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Abstract- This paper proposes the multi objective 

optimization for Economic and Environmental Dispatch 

(EED) problem considering security constraint 

described by Voltage Profile Index (VPI).In this 

optimization techniques, mainly three objectives are 

considered such as fuel cost(FC) minimization, fuel 

emission(FE) and VPI. This proposed algorithm is 

capable of solving and determining the exact output 

power of all the generating units and minimizes the 

total cost function of the generation units. This paper 

introduces and describes a solution to this famous 

problem using a new modern heuristic nature inspired 

algorithm called Firefly Algorithm (FA). This method is 

used to solve the problem and demonstrating the 

effectiveness and capability of the EED is tested IEEE 

30 bus system and verify through MATLAB program. 

 

Index Terms- EED, Firefly Algorithm, Fuel Cost, Fuel 

emission, VPI. 

I. INTRODUCTION 

Due to increased requirements for a best quality 

of modern power system, there is a great need to 

develop Optimal Power Flow (OPF) algorithms in the 

sense to get sophisticated power system operations in 

which several claims stemming from economic, 

environmental and security aspects are 

simultaneously satisfied [1]. A straightforward 

application of the conventional OPF optimizes only 

one objective and the remaining objectives must be 

treated as constraints. However, since such objectives  

are in trade-off relationships with each other, it is  

necessary to develop efficient Multi Objective OPF  

(MOOPF) Algorithms [2]. A number of conventional 

optimization techniques have been applied to solve 

the OPF problems; they rely on convexity to find the 

global optimum. However, due to the non-

differential, nonlinearity and non-convex nature of 

the OPF problems, classical methods based on these 

assumptions do not guarantee to find the global 

optimum. Those traditionally OPF methods, used to 

optimize specific aspects of power system operations 

are not efficient, because they are not suitable to 

handle many practical considerations encountered in 

power systems. 

According to these issues, the interest in applying 

Artificial Intelligence (AI) in optimization has grown 

rapidly [3]. Including the uncertainty of the objective 

functions and ambiguities about operational 

constraints, it is necessary to extend the problem to 

MOOPF using Firefly Algorithm (FA) first 

introduced by Dr. Xin-She Yang at Cambridge 

University in 2007 is one of the modern heuristic 

algorithms [4]. It was developed through simulation 

of a simplified social system, and has been found to 

be robust in solving continuous nonlinear 

optimization problems. 

In this paper, we describe a MOOPF problem 

applied on Economic and Environmental Dispatch 

(EED) considering security constraint [2]. For three 

objects, the fuel cost minimization (economic 

generation), less polluted environment with 

minimization of total emission of atmospheric 

pollutants (such as sulphuroxides SOx and nitrogen 

oxides NOx caused by the operation of fossil-fuelled 

thermal generation) and best security of power 

system described by the flatter voltage profile defined 

by Voltage Profile Index (VPI) (safety operation of 

power system with minimal voltage deviations 

referred to 1 p.u magnitude). 
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In this paper we will show how the recently 

developed firefly algorithm can be used to solve the 

famous economic emissions load dispatch 

optimization problem. This hard optimization 

problem constitutes one of the key problems in power 

system operation and planning in which a direct 

solution cannot be found and therefore met-heuristic 

approaches, such as the firefly algorithm, have to be 

used to find the near optimal solutions. This 

optimization problem deals with allocating loads to 

power generators of a plant for minimum total fuel 

cost and emissions while meeting the power demand 

and transmission losses constraints [5]. There are 

numerous vriations of this problem which model the 

two objective functions and the constraints in many 

different ways. 

For this target, our paper is structured as follows: 

After the introduction, section II describes the 

problem formulation that focuses the Multi-Objective 

Problem with Objective Functions and the 

Optimization Problem. Section III illustrates the 

Economic dispatch and Emission Problem Section IV 

describes the Firefly Algorithm. Section V illustrates 

the Optimization Strategy and its application to the 

mathematic model. Simulation, results discussions 

are reserved to Section VI. Finally, we finished with 

a conclusion. 

 

II.PROBLEM FORMULATION 
 

A. Multi objective optimization  
  

The EED problem can be reduced to an 

optimization problem whose multi objective is to 

determine the power output level of online generators 

that result in the lowest fuel cost of all the generators 

over a period of time and the lowest emission cost of 

each power unit over a period of time, while 

satisfying various non linear constraints [6]. 

 

1) Fuel Cost Objective  

The aim is to minimize the total fuel cost 

operating cost of all committed plants can be stated 

as follows: 

 

                     Min 𝑓1(𝑥) = ∑ Ci(PGi)

𝑛

𝑖=1

 

                                         =  ∑(∝i+ biPGi + CiPGi
2 )

𝑛

𝑖=1

         (1) 

 

where n is the number of units power generators of a 

power plant, Ci is the fuel cost of the ith generator, 

PGi is the out power of generator i and ai, and bi and 

ci are the fuel cost coefficients of the ith generator. 

Normally, the fuel cost equation f1(X) is expressed as 

continuous quadratic higher order equation, as we 

have here, but sometimes it can be expressed in linear 

form, when the coefficients ci is equal to zero. 

However, in both cases, the equation expresses the 

variation of fuel cost $ or Rs with generated power or 

time MW or hr. In our paper we use the $/hr as the 

only unit of measurement of the fuel cost function 

[6]. 

 

2. Emissions Objective 

The aim is to minimize the sum of all types of 

emissions from fossil power plants, namely, the 

gaseous particle pollutants, such as NOx, SOx, and 

CO2, thermal and any other chemical emissions with 

suitable emission weights/coefficients on each 

pollutant power generator. In our research, without 

loss of generality, we will consider only one type of 

emission, the amount of NOx, which is formulated in 

the following quadratic equation: 

 min 𝑓2(𝑥) = ∑[10−2 ∗ (∝𝑖+ 𝛽𝑖𝑃𝐺𝑖 + 𝛾𝑖𝑃𝐺𝑖
2 )       

𝑛

𝑖=1

+ 𝜁𝑖𝑒𝑥𝑝(𝜆𝑖𝑃𝐺𝑖)]                                (2) 

 

Where, αi, bi, γi, ζi, and λi are the emission coeffcients 

of NOx for the ith power generator. In our research, 

we use the unit of measurement of ton/hr for the 

emissions function some research papers use 

kg/hr[6]. 

3) Function of voltage profile (security index) 

 

𝑓𝑉𝑃𝐼 = √∑ (𝑉𝑖 − 1)2
𝑁𝑝𝑞

𝑖=1
            (3) 

fVPI - Voltage profile function, 

Vi     - Voltage magnitude at PQ bus i, 

Npq – Number of PQ buses 

 

III.THE FIREFLY ALGORITHM 

A. Basic description 

Firefly algorithm (FA) mimics firefly’s intelligent 

technique to find optimal solution for engineering 

problems [7]-[8].For optimization flashing light is 

formulated based on objective function. Brightest 

firefly is the most optimal solution for the problem 
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under consideration. A firefly is set of control 

variables of the problem considered. Brightness of 

the firefly is calculated by evaluating the objective 

function to be optimized. This algorithm may used 

for maximization or minimization problem.  FA has 

idealization as compared to natural firefly, they are  

1. Firefly is unisex and attracted by another firefly in 

spite of sex 

2. Firefly moves towards brightest if no brighter one 

then firefly moves randomly in solution space 

3. Brightness of firefly is affected by problem nature 

General form FA optimization is a maximization 

of objective function subjected to constraints [7]. FA 

moves fireflies towards global optimal solution spot 

through iteration by iteration. A firefly is a set of 

control variable and its light intensity is objective 

function or fitness value of the firefly.  The process 

of FA are create or initialize fireflies, find brightness 

of firefly, move each firefly towards brightest one, 

find global brightest to give optimal solution[8]. 

General form of FA optimization is maximize 

objective function, subjected to equality function and 

inequality function as given below, 

    Minimize Ct = 
1

( )
NG

i G

i

f P


   $/hr                   (4) 

    Subject to:  g(|V|, δ)=0                   (5) 

 Xmin  ≤ X ≤ Xmax                                   (6) 

Where, 

 Ct is total generating cost in $/hr 

 g(|V|, δ) is power flow balance equation 

 X is a set of control variable 

 Xmin, Xmax are minimum and maximum 

value of control variable. 

 

B. Firefly Based Economic Load Dispatch 

To optimize Economic Load Dispatch (ELD) 

problem the control variables, real power generation, 

generator bus voltages and transformer tap position 

are considered [9]-[10]. The limits on these control 

variables form prime constraints in addition to power 

balance condition. Actual values of these control 

variables are used to form a firefly. These fireflies 

form population and initialized randomly from the 

solution space and then evolution is carried out using 

its brightness and distance from brightest firefly. 

1) Encoding 

      Encoding is the process of converting set of 

control variables in ELD into firefly for optimization. 

Ability of FA is to operate on floating point and 

mixed integer makes ease of encoding. Final iteration 

of FA gives global bright firefly which is the optimal 

solution of ELD [9]. For the evolution and better 

convergence fitness function is most important as 

follows. 

 

2) Fitness Function 

 An appropriate fitness function (brightness) is 

vital for evolution and convergence of FA. It is an 

ELD objective functions and penalty functions if any. 

FA evaluates brightness for each firefly in the 

population [10]. Objective function value for a firefly 

is called brightness of the firefly. FA makes a firefly 

to move towards brighter firefly in the population. 

Distance moved and brightness of each firefly is 

calculated and best firefly (global best) is calculated 

in the iteration [9]. Improvement in solution is 

achieved iteration by iteration and final iteration 

provides global best optimal solution to ELD. 

 

3) Attractiveness 

Firefly moves towards more attractiveness. This 

attractiveness of considered firefly with others is 

calculated using the function. This attractiveness is 

decreases with increase in distance between fireflies. 

Main reasons for reduction in attractiveness are 

absorption factors in nature are implemented by using 

absorption coefficient [10]. This function is 

monotonically decreasing function given below the 

equation, 

  β = β0 exp (-γ r2)                         (7) 

Where,  

     β is attractiveness of a firefly 

      β0 is initial attractiveness 

     γ is absorption coefficient 

     r is distance between fireflies 

4) Distance  

Distance between fireflies i and j is calculated 

using Cartesian distance as given below the equation 

2

ij i j i,k j,k

1

r || x x || (x x )
d

k

   
                               (8)           

 

In 2-dimensional solution space the distance 

between i and j fireflies may calculated as follows the 

equation 

2 2

ij i j i jr (x x ) ( )y y             (9) 

 

International Journal of Pure and Applied Mathematics Special Issue

2829



5) Movement 

Movement of ith firefly towards jth brighter 

firefly is based attractiveness and distance between 

them as given below 

 

xi
k+1 = xi

k + β0*exp(-γ r2) * (xj
k – xi

k) + α * εi
k            (10) 

 

Where the left side first term is initial position of 

ith firefly, second term gives attractiveness towards jth 

firefly and third term introduce random movement in 

ith firefly. Initial attractiveness β0is taken as 1.0; 

absorption coefficient γ is taken as 0.9. Randomizing 

coefficient α rang in between 0 and 1, in this work it 

is taken as 0.2; εi is randomization vector ranges from 

0 to 0.5.  

 

6) Stopping Criteria 

Fireflies moves randomly and try to attract 

towards brighter firefly. FA improves problems’ 

solution iteration by iteration and the iteration has to 

be stopped either the problem is converged or 

iteration reached its maximum value [10]. Stopping 

of iteration is important to provide solution for time 

complexity. In this research work maximum number 

of 200 iterations is considered as stopping criteria. 

 

IV. FIREFLY ALGORITHM FOR SOLVING EED 

PROBLEM 

A. Algorithm 

FA algorithm for solving EED is given below 

Step-1:Firefly is a set of control variables in EED 

Step-2:Initialise fireflies in the population within 

solution space 

Step-3:EED objective function is used to find 

brightness of firefly 

Step-4:Attractiveness of firefly with other fireflies is 

calculated 

Step-5: Distance between fireflies is calculated  

Step 6:firefly i is moved towards firefly j using 

equation 7 

Step-7: Rank the fireflies and find the current global 

best 

Step-8: Repeat step 4 to step 7 till stopping criterion 

is satisfied 

Step-9: Print the optimal result after stopping 

criterion is satisfied 

V.SIMULATION AND RESULTS 

Simulation is applied on IEEE 30 bus test system and 

validated through MATLAB software. Table-1 

depicted 6 generators, 41 lines and 24 load buses. 

Upper and lower active power generating limits, 

reactive power limits, unit costs and emission 

characteristics of generators for the test system are 

presented in [11]-[12]. Lower and upper limits of 

voltage magnitude for generators are 0.95 and 1.1 

p.u. Tap setting transformers limits are 0.9 and 1.1 

p.u. The first type of control variables is reserved to 

the power generation output at buses 1, 2, 5, 8, 11 

and 13, the second type is devoted to tap setting 

transformers at branches 6-9, 6-10, 4 -12 and 28-27, 

while the third type is addressed to voltage of 

generating buses. 

Table 1 shows that the FA with Gmax=200 

generated the best solution, the lowest standard 

deviation and the best mean of cost among the tested 

methods. The solution vector corresponding to the 

minimum cost of $801.713/hrs found by 100 trials of 

the firefly. The total active load was 283.4 MW. The 

compared optimization results of several objective 

functions independently of the one to another are 

illustrated in Table 1 for FA. The Voltage profile 

(voltage magnitude at each bus) for the optimization 

of each objective function independently to another 

one is represented in Fig.1 Proposed algorithms 

satisfy all system constraints, thereby validating the 

improved heuristic application of FA. It is 

remarkable that results with FA are better than the 

ones obtained with other GA method for all objective 

functions [11]. The best situation of electrical power 

system security is assigned to voltage profile index 

minimization with a value of 0.1839 (FA) is 

observed in Fig.1 The Voltage Profile (voltage 

magnitude at each bus) for the optimization of each 

objective function independently to another one is 

represented in Fig.1. 

 

TABLE I 

Simulation Results with FA Method 
Control variables & 

Objectives 
 

FA Parameters 

 
Pg1(MW) 176.957 

Pg2(MW) 49.209 

Pg5(MW) 21.5135 

Pg8(MW) 22.648 

Pg11(MW) 10.4146 

Pg13(MW) 12 
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Vg1(p.u) 1.04454 

Vg2(p.u) 1.04454 

Vg5(p.u) 1.04454 

Vg8(p.u) 1.04454 

Vg11(p.u) 1.04454 

Vg13(p.u) 1.04454 

T1(p.u) 0.99 

T2(p.u) 0.96 

T3(p.u) 0.99 

T4(p.u) 0.98 

Fuel cost($/hr) 801.713 

Fuel Emission(ton/hr) 0.36172 

VPI 0.183966 

 

The best situation of electrical power system 

security is assigned to voltage profile index 

minimization with a value of 0.1839(FA) it is 

observed in fig.1. 

 
Fig.1. voltage profile for each case optimization 

using FA method. 

The Fig.2.illustrates the effectiveness and the 

fast convergence to the best value with FA algorithm 

compared and analyzed with other method for the 

cost minimization case [12]. 

 
Fig.2. Cost estimation for each case optimization 

using FA method 

The Fig.3.explains the effectiveness and the less 

polluted environment with minimization of total 

emission to the best value with FA algorithm 

compared and analyzed with other method for the 

emission minimization case. 

 
Fig.3. Emission for each case optimization using FA 

method 

 

VI.CONCLUSION 

 

In this paper, we have proposed, presented, and tested 

the recently developed Firefly algorithm for 

application to the minimization problem of economic 

load dispatch and fuel emission. For various load 

demands of test systems consisting of 6 power 

generators the simulation results of the algorithm 

compared favorably with other competitive state of 

the art algorithms, and as a result, we can say that the 

firefly algorithm is very efficient and accurate in 

obtaining global optima with high success rates for 

the given constrained optimization problem. 

The problem has been formulated as multi 

objective optimization problem with competing 

economic and environmental impact objectives. Fire 

fly has presented as an effective tool for solving 

constrained multi objective optimization problem. 

The proposed algorithm has been tested for IEEE 30-

bus test system and the results for with and without 

value point effects are compared.        
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