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Abstract: This study presents a new approach to solve 

the well-known power system Economic Load Dispatch 

problem (ED) using a hybrid algorithm consisting of 

Genetic Algorithm (GA), Pattern Search (PS) and 

Sequential Quadratic Programming (SQP). GA is the 

main optimizer of this algorithm, whereas PS and SQP 

are used to fine-tune the results obtained from the GA, 

thereby increasing solution confidence. To test the 

effectiveness of this approach it was applied to various 

test systems. Furthermore, the convergence 

characteristics and robustness of the proposed method 

have been explored through comparisons with results 

reported in literature. The outcome is very encouraging 

and suggests that the hybrid GA-PS-SQP algorithm is 

very effective in solving the power system economic load 

dispatch problem. 

Index Terms: Economic Dispatch, Valve-Point effect, 

Pattern Search method (PS), Genetic Algorithms (GA) 

and Sequential Quadratic Programming (SQP). 
 

 

I. INTRODUCTION  

 

The optimal unit commitment allocation of the 

electric power system has caught the attention of 

researchers in recent years. Many methods were 

proposed to solve the economic dispatch problem 

(ED), which resulted in optimal power system units 

generation scheduling. In addition, the use of hybrid 

methods to achieve the optimal unit commitment 

allocation has been presented in the literature 

extensively. The combination of two or three hybrid 

methods to solve the ED problem has been shown to 

improve results and to overcome drawbacks of each 

method separately. In previous publications by the 

authors of this paper [1, 2], which implemented the 

pattern search method (PS), the authors faced some 

difficulties in choosing the point with which the 

algorithm used to start the search. The choice of the 

starting point that was provided to the PS was the 

main weakness of the algorithm. The new hybrid 

method eliminates the need of PS and SQP to the 

initial guess. The algorithm was applied to various 

test systems to validate the accuracy of the results. 

Moreover, we compared this approach with other 

methods to point out the advantages of the proposed 

method. 

 

In the pursuit of the optimal solution, hybrid 

methods have been investigated and developed by 

many researchers.  In [3], the authors used the 

conventional Lagrangian relaxation approach, where 

the first order gradient method and multi-pass 

dynamic programming were combined together.  

Moreover, the authors stated that the proposed 

method has no restrictions on generator cost function, 

and it performs a direct search of the feasible solution 

at each step. The use of two hybrid techniques based 

on  Genetic Algorithm (GA) and Simulated Annealing 

(SA) to evaluate the trade-off between fuel cost and 

environmental impact in economic dispatch was 

presented in [4]. The authors combined the total 

emission of the individual pollutants into a criterion 

via the use of relative weight in the main objective 

function.  A two phase GA approach to solve the 

economic and emission dispatch was proposed in [5].  

In the first phase the authors searched for the 

incremental cost factor using binary coded GA. Then 

the best solution of the first phase was taken as the 

initial condition in the second phase. The results were 

compared with other methods and were considered 

equally reliable and promising. However, the 

constraints for security and ramp rate were not 

included in the modelling of the system.  In [6], the 

authors introduced hybrid evolutionary algorithms to 

solve the economic dispatch problem with valve-point 

effect, i.e. Particle Swarm Optimization (PSO) and 

Sequential Quadratic Programming (SQP).  The 

valve-point effect explanation and definition will be 

presented later in this section.  They used PSO as the 

main optimizer of the objective function and SQP as 

the fine tuner for every improvement in the solution 

of the PSO run.   

 

Another hybrid approach with different heuristic 

methods was implemented in [7].  The Differential 

Evolution (DE) and the Sequential Quadratic 

Programming (SQP) were combined in to a single 

algorithm that is able to solve the economic dispatch 

problem. The algorithm was used on 13 and 40 

thermal units whose incremental fuel cost function 

contains the valve-point loading effect.  Another 

interesting article showing the importance of the 

usage of hybrid algorithms is presented in [8]. The 

authors combined three evolutionary methods to solve 

a fuzzy modelled Unit Commitment Problem (UCP). 

The three methods are Tabu Search (TS), Particle 

Swarm Optimization (PSO) and Sequential Quadratic 

Programming (SQP) or simply hybrid TS-PSO-SQP. 

TS is used to solve the combinatorial sub-problem of 

the UCP.  Then the non-linear programming sub-

problem of the UCP is solved using the hybrid PSO-

QSP technique. 

 

The main objective of this study is to introduce a 

hybrid method that combines the Genetic Algorithm 

(GA), Pattern Search (PS) and Sequential Quadratic 

Programming (SQP) – referred to as the hybrid GA-

PS-SQP method – in the context of power system 

economic load dispatch problem with a valve-point 

effect. The GA has been used in the primary stage to 

nominate an initial guess, then the hybrid PS-SQP has 
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been implemented in the final stage to fine tune the 

results. The valve-point effect is a ‘ripple’ added to 

the generating unit’s curve when each steam 

admission valve in a turbine starts to open. Therefore, 

to improve accuracy when using this model, an 

additional term representing the valve-point effect is 

added to the cost function as suggested in  [9]. The 

addition of the valve-point effect poses a more 

challenging task to the proposed method since it 

increases the non-linearity of the search space as well 

as the number of local minima (see Figure 1). 

 

The paper is organized as follows: Section 2 

introduces the problem formulation; Section 3 

presents a description of the proposed PS algorithm; 

the analysis and test results are included in Section 4, 

followed by concluding remarks. 

 
 

Generation 

Cost 

fuel cost curve with valve-point

fuel cost curve without valve-point

 
Fig.1 - The valve-point effect 

 

 

II. PROBLEM FORMULATION  

 

The traditional formulation of the economic load 

dispatch problem is a minimization of summation of 

the fuel costs of the individual dispatchable generators 

subject to the real power balanced with the total load 

demand as well as the limits on generators outputs. In 

mathematical terms the problem may be stated as: 
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The incremental fuel cost functions of the 

generation units with valve-point loading are 

represented as follows [10]:  
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where: 

 
F   is the system overall cost function 
N   the number of generators in the system 

, ,i i id b c   the constants of fuel function of  

                generator number i  
,i ie f   the constants of the valve point effect of  

          generator number i  
giP   the active power generation of generator  

       number i 

DP   the total power system demand 

LP   the total system transmission losses 

 ( )mingi
P

  the minimum limit on active power 

           generation of generator i   

( )maxgi
P

  the maximum limit on active power 

            generation of generator i 

s
N

  the set of generators in the system 

 

The sinusoidal term added to the fuel cost function 

which models the valve-point effect creates ripples in 

the heat-rate curve and therefore introduces more 

local minima to the search space. 

 

III. PATTERN SEARCH METHOD  

 

Due to the limitations on the length of this paper, 

and good coverage of the GA and SQP techniques in 

the literature, only the PS method will be briefly 

mentioned here. The Pattern Search (PS) is an 

evolutionary routine suitable for solving a variety of 

optimization problems that lie outside the scope of 

typical optimization tasks, and has the advantage of 

being very simple in concept, easy to implement and 

computationally efficient. Unlike, say, genetic 

algorithms [11, 12], the PS has a flexible and well-

balanced operator able to enhance and adapt the 

global as well as fine tune the local search. A helpful 

review of direct search methods for unconstrained 

optimization may be found in [13]. 

 

The PS algorithm computes a sequence of points 

that may or may not approach the optimum. First, a 

set of points called a mesh is established around an 

existing point (initial or from the previous step). If a 

point in the mesh is found to improve the objective 

function, the new point becomes the current point at 

the next iteration. The PS begins with an initial point 

x0 supplied by the user. At the first iteration, with a 

scalar=1 (called the mesh size), the pattern vectors (or 

direction vectors) are constructed as [0 1], [1 0], [-1 0] 

and [0 -1], and new mesh points are added as 

illustrated in Figure 2. Objective functions are 

computed until a value smaller than for x0 is found. If 

there is such a point, the poll is successful and the 

algorithm sets this point as equal to x1. 
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Fig. 2. PS mesh points and the pattern. 

 

After a successful poll, the algorithm multiplies 

the current mesh size by 2, (called the expansion 

factor) and proceeds to iteration 2 with the following 

new points: 2*[1 0] + x1, 2*[0 1] + x1, 2*[-1 0] + x1 

and 2*[0 -1] + x1. If a value smaller than for x1 is 

found, x2 is defined, the mesh size is increased by 2 

and iterations continue. If at any stage the poll is 

unsuccessful, i.e. no point has an objective function 

smaller than the most recent value, the current point is 

not changed and the mesh size is reduced (e.g. by 

multiplying by 0.5, a contraction factor). These steps 

are repeated until the optimum is found, that is one of 

the terminating conditions occurs, for example the 

mesh size is less than the set tolerance, the maximum 

number of iterations has been reached, the change in 

the value of the objective function is very small, or 

similar. The algorithm is depicted in Figure 3. 

 

Constraints need to be handled carefully [14]; in 

this study they have been augmented to the objective 

function using Lagrange multipliers, resulting in an 

increase of the size of the problem through 

introduction of new parameters [15-18]. For more 

explanations on how to handle constraints refer to [17, 

19, 20]. 

 

Fig.3: Flow chart of Pattern Search [14]. 

 

 

IV. NUMERICAL RESULTS 

 

In order to asses the effectiveness and robustness 

of the proposed hybrid method, several test cases of 

economic load dispatch with valve point effect have 

been considered. The non-linear minimization 

problem formulation of all test cases has been solved 

using the predefined functions ga, patternsearch and 

fmincon incorporated into the GA & DS toolbox of 

Matlab [19]. Consequently, cost coefficients of the 

fuel cost and the combined objective function for the 

considered test cases were coded in Matlab 

environment.  

 

Initially, several runs were carried out with 

different values of the key parameters of GA, PS and 

SQP, such as migration rate, cross-over rate, 

population size, initial mesh size, and mesh expansion 

and contraction factors. For the GA, different values 

for migration rates and cross-over were chosen for 

each case, whereas the population size for GA was set 

to 100. The mesh size and the mesh expansion and 

contraction factors were selected as 1, 2 and 0.5 

respectively. As for the terminating criteria in PS 

iterations, all tolerances were set to 10
-6

 and the 

maximum number of iterations and function 

evaluations were chosen to be 1000. All runs were 

conducted using a 3.4GHz Pentium(R) 2GB of RAM 

desktop computer, so the comparisons of computing 

times with those given in literature should be fair. 

 

Case I: Three Generating Units (with losses) 

 

In this case, we considered a test system 

containing three generators with transmission losses 

that was reported in [21]. The results of the optimal 

generation for each generator and the optimal fuel 

cost are compared with the result of HSS method 

presented in [22] and those obtained from the 

conventional method obtained in [21]. Moreover, the 

generation losses values were also compared with 

results presented in the literature. 

 

The results of the proposed hybrid method are 

listed in Table 1. The GA-PS-SQP algorithm has 

outperformed the other methods in terms of total 

production cost and power system losses. Moreover, 

the algorithm has overcome the previous drawback of 

the need to supply a good initial point in order to 

reach its global or near global solution. 

 

Table 1: Total Cost and System Losses Comparison 

 
Figures 4 and Fig.5 illustrate the better 

performance of the proposed method in terms of the 

reduction of the total power generation cost and the 

drop in the system losses.  
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Fig.4 - Total Cost Comparison Case I 
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Fig.5 - System Losses Comparison 

 

Case II: Six Generating Units (with emission and 

losses) 

 

In this combined environmental economic 

dispatch case, a six-generator system is considered.  

Information about the generators’ fuel cost, NOx 

emission functions, the B  matrix, loss coefficients, 

and the operating limits are detailed in [23].  The total 

load demand is set to 700 MW, and the weighting 

factor is 0.5.   

 

The PS results in terms of the line losses, 

emission, fuel cost, total cost, and computation time 

are presented and compared with results of other 

heuristic methods (Genetic Algorithms, Evolutionary 

Programming and Pattern Search) from [1, 24, 25] in 

Table 2. The proposed algorithm has taken more time 

to reach its optimal solution than the other methods. 

However, the proposed algorithm has produced the 

lowest total cost. The nature of the proposed method 

necessities the increase of computation times, because 

it runs three methods in sequence. 

 

The total cost of power production and the 

computation time comparisons between the proposed 

method and other algorithms in the literature are 

shown in Figures 6 and 7, respectively 

Table 2: Losses, Emission, Total Cost and 

Computation Time Comparison 
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Fig.6 - Total Cost Comparison Case II 
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Fig.7 - Computation Time Comparison Case II 

 

Case III: Multi Area Economic Dispatch (MAED) 

 

The multi area ED problem considered consists 

of four areas with tie lines connecting these areas.  

Each area contains four generation units.  Note that 

quadratic cost functions are used to model the cost of 

generation F(Pgi), but the tie lines transmission costs, 

G(Tjk), are assumed to be linear functions of the 

power transfer.  The generators’ data and the tie lines 

coefficients along with their limits are all given in 

reference [26]. 

 

Different heuristic methods such as PSO, EP and 

PS have been applied to the same problem and results 

reported in [1, 24, 25].  The results using the PS and 

the other methods are shown in Tables 3 and 4.  Like 

in the previous, case the proposed algorithm has taken 

more time to solve and, since this case is more 

complicated in nature than Case II, the large 

difference in computation times is clearly noticeable. 

354



 

Table 3: Generators Productions 

 
 

Table 4: Tie Lines and Total Cost Comparison 

 

 
 

Figure 8 shows the competitiveness of the 

proposed method with NFP and PS in terms of 

reduction of the total cost of the four areas generation 

production. The comparison of the computation times 

is illustrated in Figure 9. 
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Fig.8 - Total Cost Comparison Case III 
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Fig.9 - Computation Time Comparison Case III 

 

It should be noted that the proposed hybrid 

method produced the final result in a single run; 

whereas PS needed 100 runs to find a proper starting 

point that led to its solution. As a result the total 

execution time for the PS method (402 s in case II and 

1473.6 s in case III) should be considered as the sum 

of the 100 runs. In this case, the comparison of the 

execution times shows that the proposed hybrid 

method has led to a significant saving in computation 

time. 

 

 

V. CONCLUSION 

 

A new hybrid method based on a combination of 

Genetic Algorithm (GA), Pattern Search (PS) and 

Sequential Quadratic Programming optimization 

(SQP) to solve several cases of the economic dispatch 

problem is presented. A comparison with other 

methods from literature in terms of total power 

generation cost, system losses and computation time 

was conducted and discussed. The proposed algorithm 

has outperformed the other methods in terms of 

achieving lower total generation cost and system 

losses. The penalty is that the proposed algorithm 

requires an extended computation time to reach the 

solution due to the execution of three different 

methods sequentially. However, the GA-PS-SQP 

technique has overcome an important drawback of the 

PS or SQP methods that is the need to supply a 

suitable starting point. This shortcoming of the PS and 

SQP methods was highlighted before; it makes any 

optimization method relying on a good choice of the 

initial point possibly more susceptible to getting 

trapped in local minima. The hybrid GA-PS-SQP 

algorithm, on the other hand, does not require the user 

to specify the starting point as it is generated 

automatically for the final SQP stage by the initial 

GA-PS search. Moreover, the comparison with the 

total execution time between the proposed hybrid 

method and PS has led to a massive saving in 

computation time. 
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