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This paper presents a Particle Swarm Optimization (PSO) based algorithm for Optimal Power 
Flow (OPF) in Combined Economic Emission Dispatch (CEED) environment of thermal units 
while satisfying the constraints such as generator capacity limits, power balance and line flow 
limits. Particle Swarm Optimization is a population based stochastic optimization, developed by 
Kennedy and Eberhart [12], in which members within a group share the information among them 
to achieve the global best position. This method is dynamic in nature and it overcomes the 
shortcomings of other evolutionary computation techniques such as premature convergence and 
provides high quality solutions. The performance of the proposed method has been demonstrated 
on IEEE 30 bus system with six generating units. The problem has been formulated as a single 
optimization problem to obtain the solution for optimal power flow problem with combined fuel 
cost and environment impact as objectives. The results obtained by the proposed method are better 
than any other evolutionary computation techniques proposed so far. 

Keywords: Optimal power flow, Combined Economic Emission Dispatch, Particle Swarm 
Optimization.  

1. INTRODUCTION 

The main target of electric power utilities is to provide high quality reliable supply to the 
consumers at the lowest possible cost while operating to meet the limits and constraints 
imposed on the generating units. This formulates the well known Economic Dispatch(ED) 
problem for finding the optimal combination of the output power of all online generating 
units that minimizes the total fuel cost, while satisfying all constraints. Line flows are 
calculated for the global optimal generator settings and are compared with MVA line flow 
limits of the corresponding rises to monitor overloading. The optimum economic dispatch 
may not be the best in terms of the environment criteria. Harmful ecological effects by the 
emission of gaseous pollutants from fossil fuel power plants can be reduced by proper load 
allocation among the various generating units of the plants. But this load allocation may 
lead to increase in the operating cost of the generating units. So, it is necessary to find out a 
solution which gives a balanced result between emission and cost. This is achieved by 
Combined Economic Emission Dispatch Problem. The classical lambda iteration method 
can be used to solve the CEED. The classical lambda iteration method can be used to solve 
the CEED problem. However due to the complexity and non-monotonicity of the problem, 
this method may be unable to find the global optimum dispatch solution.  

An efficient and reliable solution for CEED problems with minimum cost, minimum 
NOX emission can be obtained using artificial intelligence techniques. In the past decade, a 
global optimization technique known as Genetic Algorithms (GA) or Simulated Annealing 
(SA), which is a form of probabilistic heuristic algorithm, has been successfully used to 
solve power optimization problems such as economic load dispatch in an interconnected 
power system [1-5]. The GA method is usually faster than the SA method because the GA 
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has parallel search techniques, which emulate natural genetic operations. Due to its high 
potential for global optimization, GA has received great attention in ED problems. In some 
GA applications, many constraints including network losses, ramp rate limits, and value-
point zone were considered for solving OPF. Among these, Walter and Sheble presented a 
GA model that employed units output as the encoded parameter of chromosome to solve an 
ED problem for value-point discontinuities [6]. Chen and Chang presented a GA method 
that used the system incremented cost as encoded parameter for solving ED problems that 
can take into account network losses, ramp rate limits, and value-point zone [7]. Fung et al. 
presented an integrated parallel GA incorporating Simulated Annealing (SA) and Tabu 
Search (TS) techniques that employed the generators output as the encoded parameter [8]. 
For an efficient GA method, Yalcinoz have used the real coded representation scheme, 
arithmetic cross over, mutation, elitism in the GA to solve more efficiently the ED problem 
and it can obtain a high quality solution with less computation time [9]. Wong et al. 
proposed the Evolutionary Programming (EP) based algorithm for environmentally 
constrained economic dispatch [10].  

Particle Swarm Optimization (PSO), first introduced by Kennedy and Eberhart, is one of 
the modern heuristic algorithms. It was developed through simulation of a simplified social 
system, and has been found to be robust in solving continuous non-linear optimization 
problems [10]-[14]. The PSO technique can generate high-quality solutions within shorter 
calculation time and stable convergence characteristic than other stochastic methods [11]-
[13]. Although the PSO seems to be sensitive to the tuning of some weights or parameters, 
many researchers are still in progress for proving its potential in solving complex power 
system problems. Researchers including Bouktir et al. have presented a use of PSO method 
for solving efficiently the economic dispatch problem [14].An SA method was applied to 
minimize the active power loss in the transmission network and has been applied to solve 
OPF problem [15].  

The Combined Economic Emission Dispatch problem is obtained by considering both 
the economy and emission objectives. This bi-objective CEED problem is converted into 
single objective function using a price penalty factor approach. In [16] Gnanadass et al. 
proposed a fast novel modified price penalty factor method to solve CEED problem. In this 
paper, PSO method is applied for solving the OPF problem in the practical power system 
test case. The optimizing solution for combined economic emission dispatch is obtained 
with line flow limits. The price penalty factor is used to convert the bi-objective CEED 
problem into single objective nature. The comparison result with other evolutionary 
computation techniques highlights the effectiveness of the proposed PSO algorithm in order 
to obtain global optimum solution and proves the effectiveness of the proposed approach to 
the combined economic emission dispatch problem. 

2. PROBLEM FORMULATION 

Optimization of cost of generation has been formulated based on classical Economic 
Dispatch with emission and line flow constraints [19]. For a given power system network, 
the optimization cost of generation is given by the following equation.  

The optimal power flow equation of the power network is given by the following 
evaluation function  

2( )i gi i gi i gi iF P a P b P c= + +                       (1) 

where 



J. Electrical Systems 3-1 (2007): 13-26 
 

 15 

iF  - is the Fuel Cost of thi generator in $/hr 

giP  - is the Generator power output of thi  generator in MW 

 i  - represents the corresponding generator ( )1,2,........n  

n  -  represents number of generators 

, ,i i ia b c  - are the Fuel cost coefficients 

The equation (1) is subjected to the following constraints: 

- The inequality constraint on real power generation giP  of each generation i 

min max
gi gi giP P P£ £                         (2) 

where  
min max gi giP and P are respectively minimum and maximum values of real power generation 

allowed at generator i . 

- The cost is optimized with the following power system balance constraint 

1

NG

gi D L
i

P P P
=

= +å                          (3) 

where 

giP  - is the real power generation of thi  generator 

DP  - is the load of the system in MW 

LP  - is the transmission loss of the System in MW 

NG  - is the total number of generators 

- The total transmission network losses the power system is obtained by 

1 1 1

NG NG NG

L oo oi gi gi ij gj
i i j

P B B P P B P
= = =

= + +∑ ∑∑                (4) 

where 

, ,oo ij oiB B B  - are the transmission loss coefficientsm ,i j  represent the number of lines 

- The maximum power limit on transmission line is given by 
calMVA ratedMVA
l lLf Lf£                         (5)  

where 

l - represents number of lines 
calMVA
lLf - Calculated line flow of each transmission line 

ratedMVA
lLf - rated line flow of each transmission line 
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The total emission release can be expressed as  
2( )i gi i gi i gi iE P P Pa b g= + +                      (6) 

where  

iE - Total emission release in Kg/hr  

giP  - Generator power output of thi generator in MW 

i  - represents the corresponding generator ( )1,2,........n  

n  - Total number of generators 

, ,i i ia b g  - are NOX emission coefficients 

To determine the combined effect of cost and emission, the price penalty factor has to be 
computed. It blends the generation and emission cost into single objective nature .The price 
penalty factor is computed by interpolating the values of ih  for last two units by satisfying 
the corresponding load demand and it is given by the relation(considering the power 
associated with each unit).The resulting array elements are arranged in ascending order, 
after arranging the maximum power of each unit is added one at a time starting from the 
smallest price penalty factor unit until the summation equals or exceeds the power demand. 
The price penalty factor at the unit when added exactly meets or exceeds the demand is 
represented as 2ih  and the price penalty factor of the previous unit is represented as 1ih  In 
recent analysis of Venkatesh et al. [16] have shown that this method of calculation of price 
penalty factor furnished good results and it is represented by the following equation 

1 2 1 max 2 max1 max1(( )/( )) ( )i i i i DPf h h h P P P P-= + - - *             (7) 

where 

iPf  - Price Penalty Factor in $/Kg 

1ih  - Price Penalty Factor associated with the last unit in $/Kg  

2ih  - Price Penalty Factor associated with the current unit in $/Kg  

max 1P  - Maximum power associated with the last unit in MW 

max 2P  --Maximum power associated with the current unit in MW 

The bi-objective combined economic emission dispatch problem is converted into single 
optimization problem by introducing price penalty factor and the new evaluation function 
can be expressed as  

cos ( ) ( ) ( )i i gi i i giFuel t F P Pf E PF = + *                  (8) 

where 

iF  - Total operating Cost  

giP  - Generator power output of thi  Generator in MW  

iE - Total emission release in Kg/hr  
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3. OVERVIEW OF PARTICLE SWARM OPTIMIZATION 

Particle swarm optimization is similar to a genetic algorithm in this; the system is 
initialized with a population of random solutions. The adjustment towards personal best 
position “pbest”  and global best position “gbest”  by the particle swarm optimizer is 
conceptually similar to the crossover operation utilized be genetic algorithm. The important 
difference between PSO and GAs is the ability of PSO to keep track of the position, and the 
change in position (velocity) of each particle (agents), while GAs can only keep 
information regarding the position of the members of the population [11].  

Each particle in the swarm can memorize its current position that is determined by 
evaluation of the objective function, velocity, and the best position visited during its flying 
in the problem search space referred to as pbest. For a general minimization task, the 
position having a smaller function value is regarded to as having a higher fitness [12]. Here, 
we mean by the personal best position, the one that yields the highest fitness value for that 
particle. Also the best position visited by all the particles is memorized, i.e. the best 
position among all pbest positions referred to as gbest. 

The particles of the swarm are assumed to travel the problem search space in a discrete 
rather than continuous time steps. At each time step (iteration) the velocity of each particle 
is modified using its current velocity and its distance from pbest and gbest [13]. 

The velocity (accelerating) of each particle changes toward its pbest and gbest (global 
version). Acceleration is weighted by a random term, with separate random numbers being 
generated for acceleration towards pbest and gbest.  

4. PARAMETER SELECTION IN PARTICLE SWARM OPTIMIZATION 

Particle swarm optimization (PSO) is a novel optimization method [19]. To ensure 
convergence of PSO adjustments of various parameters need to be carefully adjusted in 
order to achieve better performance of the algorithm. In the subsequent section, the detailed 
implementation strategies of the PSO are described. 

4.1 Inertia Weight 

The inertia weight w  is employed to control the impact of the previous history of 
velocity, thus to influence the trade off between global (wide ranging) and local (near by) 
exploration abilities of the “flying points”. In PSO, the balance between the global and 
local exploration abilities is mainly controlled by inertia weights. ω often decreases linearly 
from about 0.9 to 0.4 during the run. 

max min
max

max

iter
iter

w ww w
é ù-ê ú= - *ê úë û

                    (9) 

where  

w   - inertia weight factor 

maxw  - maximum value of weighting factor 

minw  - minimum value of weighting factor  

maxiter  - maximum number of iterations 

iter   - current number of iteration 
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4.2 Acceleration Constant 

The constants 1 2and c c  represent the weighting factor and are tuned in the process. The 
constants 1c  and 2c  represent the weighting factor of the acceleration terms that pull each 
particle toward the pbest and gbest positions. Low values allow particles to roam far from 
the target regions before being tugged back. 

4.3 Velocity Updating 
( 1) ( ) ( ) ( )

1 2( )( ) ( )( )t t t t
id i id gid id gidV V C rand pbest P C Rand gbest Pw+ = + - + -     (10) 

where 1..i n= , 1..d m=  

n  - Population size 

m  - Number of units 

w  - Inertia weight factor 

1 2,c c  - acceleration constant 

( ) ( ),rand Rand - uniform random value in large [ ]0,1  

( )t
iV  - velocity of particle ‘ i ’ at iteration ‘t ’ 

( 1)t
idV +  - (modified) velocity of particle ‘ i ’ at iteration ‘t ’ 

4.4 Limit Check 
min ( 1) maxt

d id dV V V+£ £                        (11) 

The parameter maxV  determines the resolution with which regions are to be searched 
between the present position and the target position. If maxV  is too high, particles might fly 
past good solutions. If maxV  is too small, particles may not explore sufficiently beyond 
local solutions. Typically,  

min max min min0.5  and 0.5d g d gV P V P= = -  

where 
min

gP  -  maximum generating limits 

max
gP  - minimum generating limits 

4.5 Position Modification 
( 1) ( ) ( 1)t t t

gid gid idP P V+ += +                       (12)  

where  
( 1)t

gidP +  - modified position of particle ' 'i  at iteration ( )1i +   

5. PROPOSED PSO FOR COMBINED ECONOMIC EMISSION DISPATCH 

The step-by-step algorithm for the proposed method is explained as follows: 
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STEP 1: Specify the maximum and minimum limits of generation power of each 
generating unit, maximum number of iterations to be performed and fuel cost 
co-efficient of each unit. 

STEP 2: Initialize randomly the individuals of the population of all units other than the 
reference unit according to the limit of each unit. Many such population can be 
generated randomly for better sharing nature. 

STEP 3: To each individual population of the population array, employ B-coefficient loss 
formula to calculate the transmission losses LP . 

STEP 4: The individuals of the reference unit is obtained from the equality constraint 

1 2 3( ) ( )D LP P P P P= + - +  

STEP 5: Calculate the evaluation value of each population gP  using the evaluation 

equations (1) and (6). Calculate the price penalty factor using equation (7). 

STEP 6: Compute the new evaluation function using the equation (8).  

STEP 7: Compare each population’s evaluation value with its pbest. The best evaluation 
value among the pbest is denoted as gbest. 

STEP 8: Modify the member velocity v of each individual giP  according to equation (10). 

STEP 9: Modify the velocity V  of each particle according to: 

If ( 1) max ( 1) max ,  then ,t t
id d id dV V V V+ +> =  

If ( 1) min ( 1) min ,   then ,t t
id d id dV V V V+ +> =  

where 
min min0.5 d gV P=-  

max max0.5 d gV P= +  

STEP 10: Modify the member position of each individual giP  according to equation (12).  

If ( 1)t
gidP +  violates the constraints then it must be set to the near margin of that 

particular unit. 

STEP 11: If the evaluation value of each population is better than the previous pbest the 
current value is set to be pbest. If the best pbest is better than the gbest the value 
is set to be gbest. 

STEP 12: If the number of iterations reaches the maximum then go to step 13, otherwise 
go to step 3. 

STEP 13: The individual that generates the latest gbest is the optimal generation power of 
each unit. 

STEP 14: After obtaining the global optimum solution, power flow is computed using 
Newton Raphson method and the calculated MVA of line flow is compared with 
the rated MVA of line flow. 
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STEP 15: If the line is found to be found to be overloaded previous gbest value is chosen 
as the global optimum solution. 

STEP 16: Stop 

6. SIMULATION RESULTS AND DISCUSSION 

The proposed PSO methods have been successfully employed and the results were 
obtained for IEEE 30- bus system using MATLAB software. This PSO method is modern 
heuristic algorithm developed from social behavior of the organisms such as fish schooling 
and bird flocking which is used for solving optimal power flow solution for combined 
economic emission dispatch .The feasibility of the proposed method are nature of high 
quality solution, stable convergence and good computation efficiency. Standard system data 
are taken for the cost coefficients, generation limits, transmission loss coefficients. In the 
proposed PSO based OPF and CEED approach, Newton Rapshon method [18] and PSO 
algorithm have been used to obtain the solutions. The simulation studies were carried out 
on Pentium IV 2.4 GHz, 256 MB DDR RAM system in MATLAB environment. 

In the proposed approach, the minimum generation and cost of the generating units were 
obtained using PSO without violating transmission constraints .The line flows are 
computed using Newton Raphson method [18] and Table 1 summarized them in MVA for 
IEEE 30 bus system. From the table, it is inferred that the line flows are within limits  

The simulation parameters of the PSO are given in Table 1 In the proposed PSO 
algorithm the total execution time was 79.9220 seconds  

Table 1: Simulation parameters of PSO 

 Number of Iterations 100 

Population Size 500 

  
After executing the simulation studies, it is found that the minimum generation cost of the 
IEEE -30 bus system obtained as 801.7708 $/hr and 6.2326 MW was the system loss 

Fig 1 shows operating states of the generators obtained by PSO algorithm for the minimum 
solution of the PSO algorithm 

 
Fig. 1: Generating Operating States 

Fig 2 shows the convergence characteristics of PSO based OPF algorithm. The maximum, 
average and minimum fuel cost of generation are illustrated.  
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Fig. 2: Convergence of PSO 

Fig 3 shows the fuel cost curve for various numbers of generations. It was clearly shown 
that there is no rapid change in the fuel cost function value after 10 generations. Hence it is 
concluded that the proposed algorithm has good convergence and metric 

 

 
Fig. 3: Fuel Cost Curve 

 Table 2 summarized the minimum solution obtained by PSO based optimal power flow 
(OPF) with line flow constraints for the test system the minimum solution includes 
optimum generations ( giP ), total loss, total fuel cost for IEEE 30 bus system. 

Table 2: Minimum solution of different methods – IEEE 30 BUS system 

 Technique Overall cost ( )hr$  Loss ( )MW  

ED+ Load Flow [15] 805.4500 11.0400 

SA [15] 804.4300 10.5800 

EP [10] 802.6200 9.3900 

Proposed PSO 801.7708 6.2326 

  
In Table 2, the generation cost of IEEE – 30 bus system with losses are given for various 
optimization techniques published in various papers. It is observed that the results obtained 
by the proposed method in close with other techniques. Table 3 reveals the optimal 
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generation outputs of various generating units with other evolutionary techniques and the 
proposed PSO method. 

Table 3: Optimal generation outputs of various evolutionary techniques and PSO 

 
Output Powe

ED+LF 

[15] 

SA 

[15] 

EP 

[10] 
Proposed PSO 

P1 192.65 188.02 173.848 155.6326 

P2 48.92 47.45 49.998 20.0000 

P5 19.26 19.77 21.386 42.0000 

P8 10.58 13.40 22.630 35.0000 

P11 10.79 11.25 12.928 25.0000 

P13 12.24 14.09 12.000 12.0000 

PL 11.04 10.58 9.390 6.2326 

  
6.1 PSO Based Combined Economic Emission Dispatch 

 In the proposed approach the minimum solution is obtained for PSO based combined 
economic emission dispatch with line flow constraints for IEEE 30 BUS system. The line 
flows in MVA of the best generation schedule for IEEE 30 BUS system were shown in 
Table 4.  

Hence, the price penalty factor (h) is determined as 2.3384 for IEEE 30-bus system. The 
price penalty factor was computed for the value up to 283.4 MW load demand. By 
incorporating price penalty factor approach, the total operating cost was obtained as 1624 
$/hr for IEEE – 30 Bus system  

7. CONCLUSION 

The application of the PSO method to optimal Power Flow solution to Combined 
Economic Emission Dispatch Problem is demonstrated in this Paper. The test results for the 
Problem brings out the advantages of the PSO method. In the PSO method, there is only 
one population, in each iteration, that moves towards the global optimal point. This makes 
the PSO method computationally faster. The convergence abilities of the PSO method are 
better than the other evolutionary methods. The PSO method converges to the global or 
near global point with respect to the last function. The price penalty factor for solving the 
CEED problem has been demonstrated on the IEEE 30 bus test system in order to obtain 
the exact total operating cost. 

The better computation efficiency and convergence property of the proposed PSO approach 
shows that It can be applied to a wide range of optimization problems. 
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Table 4: Calculated line flows –CEED method 

 From To Line flow in ( )MVA  Rated MVA 

1 2 80.5936 130 

1 3 40.1548 130 

2 4 25.4572 65 

2 5 37.2538 130 

2 6 53.1516 130 

3 4 30.6299 65 

4 6 32.2271 90 

4 12 15.9236 70 

5 7 37.2409 130 

6 7 17.5155 32 

6 8 8.7433 65 

6 9 8.9229 32 

6 10 32.8083 65 

6 28 35.7738 65 

7 11 24.1503 65 

9 10 27.7366 65 

10 20 8.4603 32 

10 17 20.1522 32 

10 21 8.5087 16 

10 22 1.9399 16 

12 13 4.5303 16 

12 44 6.4789 16 

12 15 3.0953 16 

12 16 7.0363 16 

14 15 9.5002 32 

15 18 6.5655 32 

15 23 19.1767 32 

16 17 9.2279 32 

18 19 2.1821 32 

19 20 6.6889 16 

21 22 7.5041 16 

22 24 3.0608 16 

23 24 1.4495 16 

24 25 4.2616 16 

25 26 2.8534 16 

25 27 16.6794 65 

27 28 6.4097 16 

27 29 7.2826 16 

27 30 3.7526 26 

28 27 6.8043 32 

29 30 13.2192 32 
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Table 5: Solution of Generator settings–30 BUS test System 

 P1 ( )MW   121.1544 

P2 ( )MW   47.9459 

P3 ( )MW   29.3672 

P4 ( )MW   35.0000 

P5 ( )MW   27.1106 

P6 ( )MW   28.5515 

PL ( )MW   6.557 
 

Table 6: Minimum Solution –IEEE-30 BUS System 
 

Method 
Price Penalty

Factor( )ih  

Fuel Cost 

( )( )hr$Fi 

Emission Output

( )( )hr$Ei 

Total Operating 
Cost 

( Ø i )( )hr$ 

Total Loss 
PL 

( )MW 

PSO 2.3384 835.5655 377.2407 1624 5.664 
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