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 Economic load dispatch means that the generator‘s real and reactive powers are allowed 

to vary with in certain limit so as to meet a particular load demand with minimum fuel 

cost. Most of the electrical power utilities in the world are required to ensure that 
electrical energy requirement from the customer is served. An economic emission load 

dispatch problem is solved to minimize the emission of nitrogen oxides (NOx) and fuel 

cost, considering both thermal generators and wind turbines. The effect of wind power 
on overall NOx emission is also investigated. Modified Particle Swarm 

Optimization(MPSO) technique is used to find the same. By considering the objective 

functions as minimization of electrical losses in transmission system in addition to the 
minimization of the fuel cost of thermal generating units. This method was also 

demonstrated by six generating unit case study. Economic emission load dispatch is a 

procedure to determine the electrical power to be generated by the committed 
generating units in a power system so that the total generation cost and total emission of 

the system is minimized, while satisfying the load demand simultaneous. Quadratic 

Programming by Wolf‘s method (QPWM) is extended to simplex method in order to 
solve economic emission load dispatch problem is a new approach that can eliminate 

the shortcoming of premature convergence, exhibited by other optimization techniques. 

The usage of wind energy decreases the fuel cost and emission rate up to a particular 
limit. This method was demonstrated by six generating unit case study. In that three of 

them are thermal generating unit and remaining two is wind generating unit.The result 

obtained are compared with the QPWM Method and tabulated. All the techniques are 
implemented in MATLAB environment. 
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INTRODUCTION 

 

 Economic load dispatch (ELD) is one of the most important problems to be solved for the economic 

operation of a power system AbidoM (2003).  Economic load dispatch is to define the production level of each 

plant so that the cost of fuel is reduced for the prescribed schedule of load. The objective of economic load 

dispatch (ELD) is to allocate the generation among the committed units such that the cost of fuel is minimized, 

while satisfying the equality and inequality constraints Azamathulla et al., 2008. The economic load dispatch 

(ELD) problem seeks the best generation schedule for the generating plants to supply the required demand plus 

transmission losses with the minimum production cost. Conventionally, the emphasis on performance 

optimization of fossil–fuel power systems was on economic operation only, using the ELD approach, as better 

solutions would result in significant economical benefits. However, due to the pressing public demand for clean 

air as well as due to the ‗‗global warming‘‘ concept, new clean air policies and regulations have been forced on 

the industries, as environmental effect is a direct consequence of industrial advancement. Thermal power units 

are responsible—in a major way for creating major atmospheric pollution because of high concentrations of 2 

pollutants, such as NOX, SOX, and COX, contained in their emissions. Therefore, power sectors have realized 

the importance of maintaining a cleaner environment. Due to this constraint, generation allocation is not only 

governed by production costs, but also by the maximum allowable emissions level. As a result, a new approach 

has come up, known as the economic emission dispatch (EED) method. EED is an optimization problem that 

pursues the least emission level of operation of a power system. But operating either at the absolute minimum 
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cost of generation or at the absolute minimum emission level may no longer be a desirable criterion. The 

obvious approach is to figure out the optimal amounts of the generated powers for the thermal units in the 

system by minimizing the emission level and cost of generation simultaneously, which is known as economic 

emission load dispatch (EELD).  

 In wind power generation, the wind speed is an important random variable which affects the output power. 

The wind speed in a given period may be represented by a probability density function. In recent years the 

Weibull distribution has been one of the most widely used and recommended tool to determine the potential of 

wind energy. The high penetrations of renewable energy sources, such as wind power complicate the EELD 

problems significantly. In environmental dispatch, the emissions reduction has been represented either as a cost 

constrained emission dispatch problem, or as a new multi-objective emission load dispatch problem (Vanitha 

and Thanushkod, 2008, Naveen Kumar et al., 2012, Sinha, et al., 2003). Multi-objective EELD problems use 

tradeoffs between emission and the cost objective functions. From a typical pair of profiles of emission and fuel 

cost against power output for an 3 individual generator, it is clear that the fuel cost function is an increasing 

function of output power, while the emission function is of the U-shape [20]. As the shape of the emission curve 

is ‗U‘, therefore in the left hand side of the minimum point of the emission curve, amount of emission decreases 

as the output power increases and move towards minimum point of the emission curve point. Conversely, in the 

right hand side region of minimum point of the emission curve, emission increases as the output power increases 

and moves in the opposite direction. Therefore, participation of wind power (WP) creates complex situation.In 

this paper, an alternative approach to the Wolfe‘s method for Quadratic Programming is suggested. Here we 

proposed a new approach based on the iterative procedure for the solution of a Quadratic Programming Problem 

by Wolfe‘s modified simplex method. The method sometimes involves less or at the most an equal number of 

iteration as compared to computational procedure for solving EELD. Although, the Wolfe‘s method is not the 

first method that has been developed for solving quadratic programming problems (QPP), it is one of the most 

widely used methods for QPP and was developed by P. wolfe in 1959 Wolfe‘s algorithm can be directly applied 

to solve any quadratic programming problems of the form,We observed that there is 4 change in the rule of 

selecting pivot vector at initial stage and thereby for some EELD it takes more number of iteration to achieve 

optimality. Here at the initial step we choose the pivot vector on the basis of new rules of method described 

below. This powerful technique is better understood by resolving a cyclic Existing Economic Dispatch Problem 

with Emission Control Solution.  

 

Modified Pso Algorithm: 

 PSO is a population-based optimization method and can be formulized as follows. For an N- dimensional 

problem, the position and velocity can be specified by M × N matrices, where M is the number of particles in 

the swarm. Each row of the position matrix represents a possible solution to the optimization problem, and the 

ith particle of the swarm is represented by N-dimensional vector 

Xi = [xi1, xi2, . . ., xiN]T  

Similarly, the velocity of the ith particle is represented by N-dimensional vector 

Vi = [vi1, vi2, . . ., viN]T  

 Each particle has a memory of the best position of the search space that has ever been obtained at each 

iteration, and the personal best performance of the ith particle is defined as  

pbesti = [pbesti1, pbesti2, . . ., pbestiN]T  

 The global best position vector defines the position in the solution space at which the lowest cost value was 

achieved by all particles, defined by 

gbest = [gbest1, gbest2, . . . , gbestN ]T 

 The velocity of each particle depends on the distance of its current position from that resulting in lower cost 

values. To update the velocity matrix at each iteration, every particle should know its personal best and the 

global best position vectors. Thus, all of the information needed by the PSO algorithm is contained in X, V, 

pbest, and gbest. The core of the PSO algorithm is the method by which these matrices are updated in every 

iteration of the algorithm. In our work, the velocity matrix and the position matrix are updated according to the 

following equations. 

vi
t n = wt ∗ vt−1 n + ci ∗ Ui1

t ∗  Pbesti
t n − xi

t−1 n  + c2 ∗ Ui2
t ∗  Gbesti

t n − xi
t−1 n   

xi
t n = xi

t−1 n + vi
t n , i = 1…M; n = 1…N 

 

Steps Of Quadratic Programming By Wolfe’s Method: 

Step 1: First convert the inequality constraints into equations by introducing slack variables qi2 in the ith 

constraint (i=1,2,….m) and the slack variables r12 in the jth non negativity constraint (j=1,2,…n).  

Step 2 : Then construct the Lagrangian function L(x,q,r, = -  

Where x = (x1,x2,….xn), r = (r1,r2,…rn ) , .  

Differentiating L partially w.r.t. the components of and equating the first order partial derivatives to zero, Kuhn-

Tucker conditions are obtained.  
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Step 3: Introduce the non-negative artificial variable j=1, 2… n in the Kuhn Tucker condition  

0 for j=1,2,….n and to construct an objective function  

Step 4: Obtain the initial basic feasible solution to the following linear programming problem min. subject to 

the constraints, k=1naijλj+μj+νj= − Cj for j=1,2,…n  

Where i=(1,2,….m), (i=1,2,…m: j=1,2,..n) and satisfying the complementary slackness condition:  

μ λ where (si = qi2) λ =0 and μ =0 , (i=1,2,…m: j=1,2,..n).  

Step 5: Now apply 2- phase simplex method to find and optimum solution of Linear Programming problem in 

step 4 .The solution must satisfy the above complementary slackness condition. 6 

 Step 6: Thus the optimum solution obtained in step 5 is the optimal solution of the given Quadratic 

programming problem (QPP). 

StartA  

initialization  

Allocate Pimin and Pimax for each plant  

Evaluate Pl and update PD  

Substitute Bmn coefficients in the non linear equations& find incremental fuel cost  

Determine optimal Power limit of plant 1,2...6.  

Are plant1,2,3,4 load demand converged to power limit?  

Are plants 5,6 load demand converged to power limit?  

A  

A  

Find Fcost and Ecost  

Stop 

 

Flow Chart Of MPSO 

 
 

RESULTS AND DISCUSSION 

 

 The proposed coding scheme for the solution of economic dispatch using Quadratic Programming using 

Wolfe‘s Method  has been tested on the six unit system and the numerical result obtained through the MATLAB 

simulation. Which is shown below. 

 

Modified Particle Swarm Optimization Method (Six Unit System):  

 The six unit generating unit considered are having different characteristic. Their cost function 

characteristics are given by the following equation. 

F1=0.15247P12+38.53975P1+756.79886Rs/Hr 

F2=0.10587P22+46.15916P2+451.32513Rs/Hr 

F3=0.02803P32+40.3965P3+1049.9977Rs/Hr 

F4=0.03546P42+38.30553P4+1243.5311Rs/Hr  

F5=0.02111P52+36.32782P5+1658.5596Rs/Hr 

F6=0.01799P62+38.27041P6+1356.6592Rs/Hr 

 Their operating limit of maximum and minimum power is also different. The unit operating ranges are 

given by, 

10MW=P1=125MW ; 10MW=P2=150MW;   35MW=P3=225MW; 

35MW=P4=210MW;  130MW=P5=325MW; 125MW=P6=315MW 

The Bmin loss Coefficient matrix is given by 

1.4    .17    .15    .19     .26    .22 

.17    .6      .13     .16    .15    .2 

Bmin=      .15    .13    .65     .17    .24    .19 
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.19    .16    .17     .71    .3      .25 

.26    .15    .24     .3      .69    .32 

.22    .2      .19     .25    .32    .85 

 

Emission data: 

E1 = 0.00419 P12 + 0.32767 P1 + 13.8593 kg / hr.E2 = 0.00419 P22 + 0.32767 P2 + 13.8593 kg / hr. 

E3 = 0.00683P32 +-0.54551P3 +40.2669 kg / hr.E4 = 0.00683P42 +-0.54551P4 +40.2669 kg / hr. 

E5 = 0.00461 P52 + -0.51116 P5 +42.8955 kg / hr.E6 = 0.00461 P62 + -0.51116 P6 +42.8955 kg / hr. 

This is the example we have taken for the testing this novel coding scheme on the six unit system. 

 

Simulation Result – Solution of EED Problem: 

  The solution for EED problem of the six unit system considered  here is given below. The total demand 

taken here is about 700 MW-1500MW. This above shown example is taken for the testing this novel coding 

scheme on the six unit system using Modified PSO. The different outputs of six unit system for different power 

demand is tabulated as shown below, 

 
Table 4.1: Output for six unit system for different power demand ( Four thermal generator and two wind generator) using MPSO.            

Output 

variables 

Pd= 700 

(MW) 

Pd= 800 

(MW) 

Pd= 900 

(MW) 

Pd= 1000 

(MW) 

Pd= 1100 

(MW) 

Pd= 1200 

(MW) 

Pd= 1300 

(MW) 

Pd= 1400 

(MW) 

Pd= 

1500 
(MW) 

Pg1(MW) 28.2908 32.5861 36.8480 41.1657 48.0282 84.4814 126.6385 144.9029 
163.304

1 

Pg2(MW) 10.0000 14.4839 21.0774 27.7787 38.2627 93.3183 151.6385 169.9029 
188.304

1 

Pg3(MW) 118.9584 141.5476 163.9304 186.5605 222.1575 225.0000 226.6385 244.9029 
263.304

1 

Pg4(MW) 118.6748 136.0435 153.2264 170.5796 198.3975 210.0000 211.6385 229.9029 
248.304

1 

Pg5(MW) 230.7630 257.6624 284.1697 310.8298 325.0000 325.0000 326.6385 344.9029 
363.304

1 

Pg6(MW) 212.7449 243.0074 272.7361 302.5680 315.0000 315.0000 316.6385 334.9029 
353.304

1 

Fuel 

cost(Rs/hr) 

3.6912e+0

04 

4.1897e+

004 

4.7045e+

004 

5.2361e+

004 

5.7871e+

004 

6.4083e+

004 

7.1607e+

004 

7.8332e+

004 

8.5351e

+004 

Power loss 19.4319 25.3309 31.9881 39.4822 46.8458 52.7997 59.8313 69.4175 79.82 

 

Quadratic Programming by Wolfe’s Method (Six Unit System): 

 The six unit generating unit considered are having different characteristic Their cost function characteristics 

are given by the following equation. 

F1=0.15247P1
2
+38.53975P1+756.79886Rs/Hr 

F2=0.10587P2
2
+46.15916P2+451.32513Rs/Hr 

F3=0.02803P3
2
+40.3965P3+1049.9977Rs/Hr 

F4=0.03546P4
2
+38.30553P4+1243.5311Rs/Hr  

F5=0.02111P5
2
+36.32782P5+1658.5596Rs/Hr 

F6=0.01799P6
2
+38.27041P6+1356.6592Rs/Hr 

 Their operating limit of maximum and minimum power is also different. The unit operating ranges are 

given by, 

10MW=P1=125MW;10MW=P2=150MW;35MW=P3=225MW 

 35MW=P4=210MW; 130MW=P5=325MW;125MW=P6=315MW 

The Bmin loss coefficient matrix is given by 

1.4    .17    .15    .19     .26    .22 

.17    .6      .13     .16    .15    .2 

Bmin=      .15    .13    .65     .17    .24    .19 

.19    .16    .17     .71    .3      .25 

.26    .15    .24     .3      .69    .32 

.22    .2      .19     .25    .32    .85 

 

Emission data: 

E1 = 0.00419 P1
2
 + 0.32767 P1 + 13.8593 kg / hr. 

E2 = 0.00419 P2
2
 + 0.32767 P2 + 13.8593 kg / hr. 

E3 = 0.00683P3
2
 +-0.54551P3 +40.2669 kg / hr. 

E4 = 0.00683P4
2
 +-0.54551P4 +40.2669 kg / hr. 

E5 = 0.00461 P5
2
 + -0.51116 P5 +42.8955 kg / hr. 

E6 = 0.00461 P6
2
 + -0.51116 P6 +42.8955 kg / hr. 
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 The solution for EED problem of the six unit system considered  here is given below. The total demand 

taken here is about 700 MW-1500MW( The coding for this simulation result is given in Appendix). The 

different outputs of six unit system for different power demand is tabulated as shown below,  where h1,h2 are 

the limiting coefficient of economic dispatch and emission dispatch respectively.  We  can ableto note different 

output of six unit system for different limiting coefficient.  

 
Table 4.2: Data for graph potation using QPWM. 

Emission rate kg/hr Power demand (MW) Fuel cost(Rs/hr.) 
Limiting factor 

h1 h2 

498.1097 700 3.6913e+004 1 1 

813.7005 800 4.0023e+004 10 10 

387.7084 
 

900 4.7047e+004 20 20 

843.2519 
 

1000 5.24e+004 30 30 

1.00e+03 
 

1100 5.7873e+004 50 50 

1.24e+03 
 

1200 7.1607e+004 70 70 

2.00e+03 1500 8.5351e+004 100 100 

 

 Hence from the above  shown  tables(table 4.1 and table 4.2) we can plot the following graphs. 

 

 
In X axis 1 unit = 100 MW; 

In Y axis 1unit = 10^3 (Rs/hr) 

 

Fig. 1: Fuel Cost and Power Demand QPWM (From Table 4.1). 

 

 
In X axis 1 unit = 100 MW; 

In Y axis 1unit = 10^3 (Rs/hr) 

 

Fig. 2: Fuel Cost And Power Demand MPSO (From Table 4.1). 

 

 
In X axis 1 unit = 100 MW: 

In Y axis 1unit = 500(Kg/hr) 

 

Fig. 3: Emission of NOx And Power Demand QPWM(From Table 4.2). 
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In X axis 1 unit = 20^3 (Rs/hr); 

In Y axis 1unit =  200 (Kg/hr) 

 

Fig. 4: Emission Rate Of Nox And Fuel Cost Characteristic(From Table 4.1). 

 

 
 

Fig. 5: Fuel cost characteristic using QPWM and MPSO (From Table 4.1 and 4.2). 

 

 Below shown figures are the different iteration steps using MPSO for different power demands 

   

 

 

 

 

 

 

 

   

 

 

Fig. 6: Iteration steps of MPSO for Pd=700MW. 

 

Conclusion: 

 A new method for economic dispatch in power systems using MPSO technique which circumvents most of 

the difficulties associated with classical optimization techniques. Proposed method can efficiently explore the 

sub optimal solutions provides well distributed optimal solutions when two conflicting objectives i.e. cost and 

emission are optimized simultaneously. This method provides the best compromise solution when compare to 

other optimal solutions. Simulation results show that MPSO based approach can be used to solve the ED 

problem in Power System. 
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