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Abstract 

The main objective of this work is to implement the genetic algorithm based 

Economic Load Dispatch (ELD) for a power system network with 

comparative analysis. Different mathematical and probabilistic methods are 

used to solve ELD problems. This paper presents Genetic Algorithm (GA) 

and Particle Swarm Optimization (PSO) to solve ELD problem, also compare 

with conventional techniques the same as Lambda-Iteration.  The fuel cost 

has been compared with standard IEEE bus data for a power system network. 

All results have been done in MATLAB programming environment. The 

results have been proved that the Genetic Algorithm and Particle Swarm 

Optimization are best for economic load dispatch problem than other 

conventional methods for a power system network. 

 
Keywords: ELD, GA, PSO, Lambda iteration, MATLAB programming. 

 

1 Introduction   

The well-organized and optimum economic process of power systems 

has incessantly engaged one of critical factor in electrical power field. In 

most up-to-date periods, it's changing into vital for firms to run the power 

system network with lowest quantity whereas satisfy their client want in any 

respect times and ready to create profit. With restricted obtainability of  
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manufacturing entities and also the huge rise in power requirement, fuel 

amount and resource constraint, the dedicated units got to work the 

anticipated load request beside deviations in the fuel quantity and uncertain 

within the load demand prediction at ordinary periods in maximum optimal 

way [1]-[4]. Economic load dispatch (ELD) is a method to assign the 

producing units giving to the load request and to reduce operative price. 

Genetic Algorithm is one of the traditional heuristic methods and it can able 

to get success at higher probability of calculate the optimal values of various 

functions which does not need derivatives [5]-[10].  

The improvement of the particle swarm optimization is completed by 

American social man of science James Kennedy and engineer Russell C. 

Eberhart. particle swarm optimization is one of most optimal procedure 

inspired over swarm smarts of birds & fish & via even human actions. It 

referred to as debris, swarm across the request space starting from many 

preliminary random guess [11]-[14]. Particle Swarm Optimization is an 

algorithm able to optimizing a non-linear and multidimensional problem 

which generally reaches right solutions efficiently on the identical time as 

requiring minimum parameterization [15]-[20]. The swarm connects the 

present best and portions the world level finest so as to emphasis at the finest 

resolutions. Since its development, there were around twenty various forms 

of particle swarm optimization methods, and have been implemented to most 

of the regions of firm optimal issues [21]-[23].  

It is a populace-based stochastic procedure demonstrated on communal 

performances found in gathering birds. All element, which signifies a 

resolution, hovers through the exploration space with a velocity this is 

vigorously accustomed in line with its individual and its mate‟s past 

performances. The elements incline to fly near improved exploration areas 

over the sequence of the exploration process [24]-[28]. 

 

2 Literature Review 

 

       The progress of full deployment dates to the early 1920's, when 

engineers were concerned about the problem of economic distribution of 

production or the appropriate division of load between existing monetary 

units. Prior to 1930, various methods were used as the base load method 

where the next most efficient unit was loaded with its high power, and then 

the second most efficient unit was loaded, and so on. lowest temperature, 

starting with the most efficient unit and working to the most efficient unit, 

etc. It became evident in the early 1930's, that the method of addition, later 

known as the equilibrium method, had far-reaching economic consequences. 

In 1954, equity coordination was designed to address the problem of 

economic exports [29-30]. 
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PSO (optimization swarm optimization) and SQP (quadratic sequence 

schemes) is to resolve economic shipment (ELD) the problem [31-34]. PSO 

works as a major optimiser and SQP fixes refinement to all solutions PSO. 

SQP is an indirect planning process used to resolve limitations the problem. 

It demonstrated high efficiency and accuracy. Meeting material is not 

available torture; depending on the rate-increasing function. The PSO-SQP 

combination provides immediate assembly features and high quality 

solutions. This method works as well as possible employed in an 

unauthorized location and considered network and valve-point losses results 

[35-38]. 

 
3 Economic Load Dispatch (ELD) Problem 

Lambda iteration method is created on the value of equal incremental 

cost λ, and an approximation of the initial cost to lean the examine scope and 

detecting the most suitable solution as a swarm of bees across the 

estimations. Entire fuel cost is lowermost though λ is equivalent the 

numerous generators. Lambda-iteration is a great technique to solve the 

economic load dispatch problem with generator limits are without difficulty 

handled, penalty elements are used to consider the impact of losses [29]-[30].  

 

3.1 Lambda-Iteration Formulation  

A simple model of thermal generation system as shown in fig. (1). The 

ELD problem will be described mathematically now on Lambda-Iteration 

and will be consider process of real power generation units. The difference of 

the fuel cost ( ) for individual generator with real power (  ) is specified in 

succeeding order flat fuel amount function. The total of amount for power 

plant is the totality of each generator (unit). 

                                     (  )  ∑   (   )
  

   
                                         (1) 

The function of fuel cost curve for active power came from: 

 

              (  )                                                                   ( ) 
Where: (α, β,  ) are constants. 

From (1) and (2):                        

                           (   )   ∑(             )                                ( )
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Figure 1 Simple Model of Thermal Generation System. 

 

With neglecting Losses, fuel cost will be under to power balance 

equation, its simplest ELD Problem, take on that all units are having only on 

one bus and all interconnected with load Pd, in MW, and  incremental cost. 

                                                                                                ( ) 
From (4): 

                                          
𝝀  

   
    𝝀  

   
 

   
 

   

                                    ( )       

Each generating units have max and mini generating limits. It‟s also will 

serve as a form of constraint. 

 

 

3.2 Neglecting Losses and Including Generations Limits 

For generation restricted between max and min limits the power 

generation for each plant is given by this constrain:  

 

  (   )        (   )                                                             ( ) 
Where: Pi(min) = minimum limitation of power generation 

             Pi(max) = minimum limitation of power generation   

𝝏  

𝝏  
  𝝀                         (   )         (   )                   ( ) 

𝝏  

𝝏  
  𝝀                             (   )                                                ( ) 

𝝏  

𝝏  
   𝝀                          (   )                                              ( ) 
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The Optimal condition of neglecting losses and including generations 

limits reduces to: 

                                        𝝏  
𝝏  
                                                         (10) 

                                               𝝀                                                              (11) 

 

3.3 Including Losses and Generations Limits 

When energy is transferred over long distance transmission the line 

losses are the one of the major issues which has strong impact, and the 

flowchart of Lambda-Iteration based ELD as shown in fig. (2). 

                            ∑ 

 

   

∑        

 

   

 ∑         

 

   

                        (  ) 

Where:                             
                                             

The power balance equation constraint:  

                                                 ∑(  )

 

   

                                              (  ) 

The Optimal condition of including losses and generations limits reduces to: 

                                              
𝝏  

𝝏  
  𝝀

𝝏      

𝝏  
  𝝀                                         (  ) 

 

                                     𝝏      
𝝏  

   ∑       
 

   
                                    (  ) 

From (10) and (15) into (14), we have: 

 

                                 𝝀      𝝀∑      

 

   

   𝝀  𝝀                         (  ) 

Form (16), power generated in        can founded by: 

 

                                                    
𝝀    

 (   𝝀   )
                                           (  ) 

Net power will be calculated by: 

                                               ∑      

 

   

                                   (  ) 
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Figure 2 Flowchart of Lambda-Iteration based ELD. 
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4 Genetic Algorithm 

Genetic algorithms (GA) are empirical systems that contain in optimal 

events as encouraged in usual development. In GA, initial chance populace 

needs to be shaped. The features of each explanation are used in equivalent 

chromosomes. All problems are assessed and branded reliable with how 

agreeably it fulfills the objective function and before its distant allocated a 

likelihood of imitation. The rightest persons are abundant extra probable to 

be replicated (selection), and therefore they receive the ones features. The 

mixture (crossover) of the parental genes harvests to a successive generation 

(Mutation). Mutation could rise in the chromosomes of certain persons. It is 

predictable that a few persons of this new generation must inherited the finest 

features in their paternities and may be a one of superior result to resolve 

ELD issues [31]-[33]. Figure (3) show a flowchart of genetic algorithm based 

ELD. 

 
                               Figure 3 Flowchart of Genetic Algorithm based ELD. 
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Population is chromosomes might be Program elements (genetic 

programming) or any data system. Reproduction is parents are designated at 

chance with collection ventures subjective in relative to chromosome 

assessments. Modifications are stochastically activated of Operative kinds 

are Crossover. Evaluation is interpreting a chromosome and allocates it a 

suitability quantity and the only connection among a standard GA and the 

problematic it is resolving. Discard is Steady-state GA. Generational: 

Genetic Algorithm is whole populations are substituted with every single 

iteration. Steady-state: Genetic Algorithm is insufficient memberships 

substituted both generations. Advantages of Genetic Algorithms are Concept 

is too easy to understand how its work. It also does backings of multi-

objective optimal results. GA is capable of getting better at time progress. 

Less complexity to use already obtains solutions with increases reusability. 

Building as components makes the model more flexible. Genetic Algorithms 

can be used as substitute details are too much slow or highly complex and it 

can also be utilized as need an investigative tool to observe new methods.  

 

 

5 Particle Swarm Optimization Algorithms 

The basic idea of the algorithm is to create a swarm of atoms which flow 

in the space round them (the problem space) looking for their goal or the 

location which best fits their wishes given through a fitness function. Every 

particle is trying to find the optimum. Every particle is transferring and as a 

result has a velocity. Every particle recollects the location it become in in 

which it had its best end result so far (its personal best). The particles in the 

swarm co-operate. They change information approximately what they‟ve 

observed with inside the locations they've visited. The co-operation may be 

very simple. A particle is aware of the finesses of those in neighborhood and 

makes use of the placement of most effective beside greatest fitness. A 

particle Having labored out a brand-new velocity, the placement is really an 

old function along with the newest velocity [34]-[36].  

A particle has to transport to a new role. It does this through adjusting its 

velocity. The adjustment is basically this: 

 The current velocity PLUS.  

 A weighted random portion with inside the direction of its personal best 

PLUS. 

 A weighted random portion with inside the direction of the neighborhood 

best.  

 Easy implementation, robustness to control parameters, Competition 

efficiency, and Applicable to non-linear and non-continuous. 
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5.1 Neighbourhood 

We outline what's called a neighborhood it's to mention compute 

distances and take the closest particles, the most widely used neighborhood is 

a “social” one: only a listing of neighbors, regardless in which they are. So, 

you do not want to outline a distance and that could be a great advantage, for 

in a few cases, particularly for discrete spaces, any such definition could be 

quite arbitrary. The most typically use neighborhood is the circular one as 

shown in Figure 4. The figure is almost self-explanatory. Each particle is 

numbered, placed on a virtual circle according to its quantity and the 

neighborhood of a given particle is constructed through taking its neighbors 

in this circle. Mathematical process model of the algorithm is also shown in 

Figure 5. Xi (t+1) this might be better location primarily based totally on  the 

mathematical version and following those regulations with the aid of using 

each particle swarm helpfully the particle ought to collaborate to discover the 

greatest location.(the best answer possible to make it optimization).  

 
Figure 4 The circular neighborhood 

                                                              

 
 
 
 
 
 
 
 
 

Figure 5 The Mathematical model 
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Equation for update the location of particle and it is able to be defined as 

Xi(t+1). 

 

  (   )       ( )        (   ( )    ( ) )        ( ( )  

  ( )                                                                                                                (19) 
  (   )    ( )     (   )    (20) 
       ( 

         

            
 )                     (21) 

 

Where: Vi velocity of the ith partical, Xi position, C1, C2 accelaration 

coefficients, r1, r2 random number, Pbest personal best, Vnew new velocity or 

update, and W real of value of coefficient. The three components of particles 

to create new velocity vector equation. Inertia term component, Personal 

influence component, and Social influence component: 

  (   )      ( )        (  ( )    ( ))        ( ( )    ( ))(  ) 
 

5.2 Steps in PSO and Implementation 

 Create „population‟ off agents (Particles) consistently dispersed over X. 

 Appraise all Particles location rendering to the impartial function. 

 If a particles present location is improved than it is preceding greatest 

situation, update it. 

 Determine the best particle (according to the 12-particle previous best 

positions) 

 Inform elements velocities, and Prepare for new population. 

 Update for particle best, and Update global best. 

 

Figure 6 show a flowchart of particle swarm optimization based ELD. 
 

5.3 The Procedure of Genetic Algorithm and Particle Swarm 
Optimization 

Some of method to resolve ELD problematic is for lessening the price of 

unit for generators GA and PSO methods. Even though the computations are 

complex but it provides solutions for optimal solutions. The procedure for 

economic load dispatch (ELD) method is given below: 
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                   Figure 6 Flowchart of Particle Swarm Optimization based ELD. 

 

 Input data provided for example: P(demand), P (losses) and constants (α, 

β,  ). 

 Start programming M-file in MALAB with Genetic Algorithms iteration 

function and Particle swarm optimization iteration function. 

 Get answers on Command window P1, P2, P3…Pi, P(total) (MW) and 

Fuel Cost (   ) 

 Input same data given using Lambda iteration method by MATLAB and 

get the results. 
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6 Result and dissection 

6.1 Case Study 1  
 

Genetic Algorithms (GA) and Particle Swarm Optimization (PSO) 

methods are implemented in 3,5 and 6 generating unit as fig. (7). The results 

are from GA, PSO and Lambda iteration, whole computer program has been 

done in MATLAB environment. 

 

        
             Figure7 Single line diagram of three units system generating with nine bus 

 
Table 1 shows the total power is found around 152.88 MW and fuel price 

about 1608.9 $/hr by using Lambda-Iteration method then the total power is 

found around 152.88 MW and fuel price about 1601.3 $/hr by using Genetic 

Algorithm method finally the total power is found around 151.7024 MW and  

fuel price about 1594.74 $/hr by using Particle Swarm optimization method. 

These graphics present of Economic load dispatch (ELD) problem by 

Genetic Algorithm (GA) and Particle Swarm optimization (PSO) methods 

fitness value function is total fuel cost for three units system generating in 

(fig.8 & fig.9), its best value for each of three units generators (Table 1). 

 
Table 1 Results of Case 1 three units system generating with nine bus 

 

 P1 P2 P3 Ptotal MW Ftotal $/hr 

With L-Iteration 33.8848 68.1200 51.8741 152.8800 1608.9 

With GA 33.2170 68.4151 52.2480 152.8800 1601.3 

With PSO 34.0953 71.6095 45.9975 151.7024 1594.76 
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           Figure 8 Fitness value of three units system by GA 

           

                          
                    

                         Figure 9 Fitness value of three units system generating by PSO. 
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6.2 Case Study 2  
 

    Figure 10 for five units with fourteen bus using Genetic Algorithms (GA) 

and Particle Swarm optimization (PSO) compared with lambda-iteration 

method, shows total fuel price, power output for various load conditions of 

individual generators. 

 

 

              
Figure 10 Single line diagram of five units system generating with fourteen bus. 

 

Table 2 shows the total power is found around 270.73 MW and fuel price 

about 855.54 $/hr by using Lambda-Iteration method then the total power is 

found around 268.99 MW and fuel price about 842.66 $/hr by using Genetic 

Algorithm method finally the total power is found around 267.88 MW and 

fuel price about 832.27 $/hr by using Particle Swarm optimization method. 
 

 

 

Table 2 Results of Case 2 five units system generating with fourteen bus 

 

 P1 P2 P3 P4 P  5  Ptotal MW Ftotal $/hr 

With L-Iteration 181.0283 49.0114 19.3479 10.9888 11.3542 270.7306 855.5379 

With GA 178.4522 48.9666 19.7882 10.4712 11.5208 268.9999 842.6567 

With PSo 160.7426 30.5334 22.2713 30.5292 23.8103 267.8868 832.2699 
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These graphics present of Economic load dispatch (ELD) problem by 

Genetic Algorithm (GA) and Particle Swarm optimization (PSO) methods 

fitness value function is total fuel cost for five units system generating in 

(fig.11 & fig.12) and best value individual its best value for each of three 

units generators (Table 2). 

 

           
                                  

                  Figure 11 Fitness value of five units system generating by GA 

 

 

           
                                             

                     Figure 12 Fitness value of five units system generating by PSO 
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6.3 Case Study 3 

  

Figure 13 present result of Economic load dispatch (ELD) problem for 

six units with thirty bus using Genetic Algorithms (GA) and Particle Swarm 

optimization (PSO) compared with lambda-iteration method,  

 

 
               Figure 13 Single line diagram of six units system generating with thirty 

bus. 

 

Table 3 shows the total power is found around 1276.1 MW and fuel price 

about 16846 $/hr by using Lambda-Iteration method then the total power is 

found around 1275.1 MW and fuel price about 15436 $/hr by using Genetic 

Algorithm method finally the total power is found around 1270.4 MW and 

fuel price about 15427 $/hr by using Particle Swarm optimization method.  

 
Table 3 Results of Case 3 six units system generating with thirtu bus 

 

 P1 P2 P3 P4 P  5  P  6  Ptotal MW Ftotal $/hr 

With L-Iteration 469.8898 188.3398 282.1365 143.2476 192.4036 103.9827 1276.1 16846 

With GA 449.0913 172.9700 265.9540 127.0760 174.1764 85.8014 1275.1 15436 

With PSO 497.7567 179.1116 230.1260 139.5805 171.7454 52.0485 1270.4 15427 
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These graphics present of Economic load dispatch (ELD) problem by 

Genetic Algorithm (GA) and Particle Swarm optimization (PSO) methods 

fitness value function is total fuel cost for six units system generating in 

(fig.14 & fig.15) and best value individual its best value for each of three 

units generators (Table 3). 

                              

 
 

Figure 14 Fitness value of six units system generating by GA  
 

 

Figure 15. Fitness value of six units system generating by PSO 
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7 Conclusion 

Economic load dispatch in electrical power systems is a significant job, 

as it is compulsory to source the control at the least amount which assistances 

in profitable. In this paper work Economic Load Dispatch (ELD) problems 

here solved for three different networks consisting of three, five and six 

generating units for IEEE 9, 14 and 30 bus systems with two of widespread 

techniques that Genetic Algorithm (GA), Particle swarm optimization (PSO) 

methods and lambda-iteration with help of MATLAB m-file function code. 

Computational results that GA and PSO method are given the results better 

than lambda-iteration in regard of fuel cost with more detail, fitness value 

and current best individual figures. 
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