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Abstract - Economic load dispatch is a non linear 
optimization problem which is of great importance in power 
systems. While analytical methods suffer from slow 
convergence and curse of dimensionality Jaya optimization 
can be an efficient alternative to solve large scale non linear 
optimization problems. This paper presents an overview of 
basic JO to provide a comprehensive survey on the problem of 
economic load dispatch as an optimization problem. The study 
is carried out for thirteen unit generating system for without 
loss and with loss cases. 
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1. INTRODUCTION 
 

Economic load dispatch (ELD) is an constraint based 
optimization problem in power systems that have the 
objective of dividing the total power demand among the 
online participating generators economically while satisfying 
the essential constraints. The conventional methods include 
the lambda iteration methods [10, 11], base point and 
participation factors, etc. Among these methods lambda 
iteration is the most common method because of ease of 
implementation. The ELD is a non-convex optimization 
problem required rigorous efforts to solve by traditional 
methods. 

Moreover, evolutionary and behavioral random search 
algorithms such as genetic algorithm (GA) [3], particle 
swarm optimization (PSO) [13] have been implemented on 
the ELD problem. GAs does possess some weaknesses 
leading to larger computation time premature convergence 
[14]. 

This paper proposes JO as an optimization technique to solve 
constraints based quadratic cost function with generator 
constraints and power loss. Algorithm is tested for thirteen 
generator units. Results are compared with GA and lambda 
iteration method. The proposed methodology emerges as 
robust optimization techniques for solving the ELD problem 
for different size power system. 
 
2. PROBLEM FORMULATION 
 
The classic ELD problem minimizes the following 
incremental fuel cost function associated to dispatch able 
units [6]; 

 

The cost characteristic are shown as 

$/hr 

where αi,βi and are constants. 

a. Equality Constraints: 
 

The real power balance in the system is given by 

 

 

where Ploss calculated using the B-Matrix loss coefficients and 
expressed in the quadratic form as given below: 

 

where  is loss coefficient. 

b. Inequality Constraints: 
 

The generation power ‘P’ cannot be outside the range stated 
by the inequality 

P i min ≤ P ≤ Pimax 
Where  total production cost (Rs/h); , is incremental 

fuel cost function (Rs/h); Pi, is real power output of the 
ithunit (MW); N is number of generating units; Pd is power 
demand (MW); Ploss is power loss (MW); Bij is transmission 
loss coefficients; 

Pi minis minimum limit of the real power of the ith unit 
(MW);Pimax is maximum limit of the real power of the ith unit 
(MW). 

The problem of economic dispatch generation of real power 
is to be done to the required load demand by satisfying the 
above constrains. 

C. Valve-Point Loading Effect  
 

For more rational and precise modeling of fuel cost function, 
the above expression of cost function is to be modified 
suitably. The generating units with multi-valve steam 
turbines exhibit a greater variation in the fuel-cost functions 
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[3]. The valve opening process of multi-valve steam turbines 
produces a ripple-like effect in the heat rate curve of the 
generators. These “valve-point effect” are illustrated in 
Figure-1 [6]. 

 

 

 

 

 

 

Figure 1-Valve Point loading effect 

The significance of this effect is that the actual cost curve 
function of a large steam plant is not continuous but more 
important it is non-linear. In reality, the generating units 
with multi-valve steam turbine have very different input–
output curve compared with the smooth cost function. 
Therefore, the inclusion of the valve-point loading effects 
makes the representation of the incremental fuel cost 
function of the generating units more practical. The 
incremental fuel cost function of a generating unit with 
valve-point loadings is represented as follows: 

  $/hr 

Where ei and  fi are the coefficients of generator  reflecting 
the valve-point effects. 

JO is a simple yet powerful optimization algorithm 
developed by Dr. R. Venkata Rao in 2015 for solving the 
constrained and unconstrained optimization problems [1]. 
This algorithm is based on the concept that the solution 
obtained for a given problem should move towards the best 
solution and should avoid the worst solution. This algorithm 
requires only the common control parameters and does not 
require any algorithm-specific control parameters. 

         Let f(x) is the objective function to be minimized (or 
maximized). At any iteration i, assume that there are ‘m’ 
number of design variables (i.e. j=1, 2… m), ‘n’ number of 
candidate solutions (i.e. population size, k=1,2,…,n). Let the 
best candidate best obtains the best value of f(x) (i.e. f(x) 
best) in the entire candidate solutions and the worst 
candidate worst obtains the worst value of f(x) (i.e. f(x) 
worst) in the entire candidate solutions. If Xj,k,iis the value of 

the jth variable for the kth candidate during the ithiteration, 
then this value is modified as per the following Eq. (1). 

where, 

- the value of the variable j for the best  candidate 

 - is the value of the variable j for the worst     

candidate.  

- is the updated value of Xj,k,i 

               and   - are the two random numbersfor the jth     variable     during    

the ith iteration in the range [0, 1].  

- indicates the tendency of the    solution to move     closer to 

the best solution  

 - indicates the tendency of the solution to avoid    the    worst 

solution. X'j,k,iis  accepted if it gives better function value.  

All the accepted function values at the end of iteration are 
maintained and these values become the input to the next 
iteration. The algorithm always tries to get closer to success 
(i.e. reaching the best solution) and tries to avoid failure (i.e. 
moving away from the worst solution). The algorithm strives 
to become victorious by reaching the best solution and hence 
it is named as Jaya. 

 

Figure 2: JO Flow Chart 

 
3. JAYA OPTIMIZATION 
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4. RESULT AND DISCCUSION  

To verify the feasibility of the proposed JO method thirteen 
unit test system is taken for without transmission loss an 

a. Case Study of Thirteen Generating Units: 
 

 The thirteen generating units considered are having 
different characteristic. Their cost function characteristics 
with valve point effects are given by table below [2]. 

Table 1: Data for 13 generating units 

G Pi
min Pi

max αi βi γi ei fi 

1 0 680 0.00028 8.10 550 300 0.035 

2 0 360 0.00056 8.10 309 200 0.042 

3 0 360 0.00056 8.10 307 150 0.042 

4 60 180 0.00324 7.74 240 150 0.063 

5 60 180 0.00324 7.74 240 150 0.063 

6 60 180 0.00324 7.74 240 150 0.063 

7 60 180 0.00324 7.74 240 150 0.063 

8 60 180 0.00324 7.74 240 150 0.063 

9 60 180 0.00324 7.74 240 150 0.063 

10 40 120 0.00284 8.60 126 100 0.084 

11 40 120 0.00284 8.60 126 100 0.084 

12 55 120 0.00284 8.60 126 100 0.084 

13 55 120 0.00284 8.60 126 100 0.084 

  
According to the constraints considered in this work among 
inequality constraints only activepower constraints are 
constraints are considered. There operating limit of 
maximum and minimum power are also different. The unit 
operating ranges given in the table 4.5 
[2]i.e. . 

i. Result For 13 Generating Units 

Total Number of Inequality Constraint Violation = 0 

Number of Iterations Required for Convergence = 99 

The Total Simulation Time (in Seconds) = 6.9503 

Table 2: ELD with valve point effect neglecting loss 
using JO method 

Power Generation in MW 

P1 523.089141 

P2 262.366503 

P3 261.701258 

P4 100.293455 

P5 60.000000 

P6 100.666764 

P7 100.692048 

P8 100.562728 

P9 100.628103 

P10 40.000000 

P11 40.000000 

P12 55.000000 

P13 55.000000 

Total Generation 1800 

 
The Optimal Fuel Cost (in $/hr.)=   17937.6739 

 In the table 4.6 the optimum value of power 
generation with the effect of valve point  is achieved using JO 
within the operating limit as given in table 4.5 .Hence, with 
the help of these optimized value of power generations 
which meets 1800 MW demand we able to obtain the 
optimum minimum cost of total generation. The convergence 
profile of the cost function is depicted in Fig. 4.7, optimal 
generation scheduling of 13 units shown in the Fig. 4.8 and  
inequality constraints violation is depicted in Fig. 4.9. 

 

Figure 3- Cost curve of 1800 MW demand by JO 
method   with valve point effect without loss 

 

Figure 4: Optimal Generation Scheduling of 1800 MW 
demand by JO method with valve point effect without 

loss 
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a. Comparison of JO  With Different Methods Applied 
On Solving ELDwith Valve Point Effect without 
Considering losses 

 
The problem is solved with power demands of 1800 MW met 
by 13 generating units in order to show the effectiveness of 
the proposed method in producing quality solutions. In this 
case valve point effect is considered but the transmission 
line losses are not considered. Comparison of proposed 
algorithm is done with Shuffled Differential Evolution (SDE) 
optimization, Improved Genetic Algorithm with Multiplier 
Updating (IGA_MU) and Harmonic Oscillator Quantum-
behaved Particle Swarm optimization (HQPSO). The 
simulation result of ELDfor 13 generating units which fulfill 
the power demand of 1800 MW obtained by SDE, IGA_MU 
and HQPSO is taken from the existing published paper [6]. 

 
Table 3: Comparisons of simulation results of different 
methods for 13-unit case study system with PD = 1800 

MW 

 
 
Table 3 shows the best dispatch solutions obtained by the 
proposed method for the load demand of 1800 MW. The 
convergence profile for JO method is presented in Figure 3. 
The results obtained by the proposed methods are compared 
with those available in the literature as given in Table 3. 
Though the obtained best solution is not guaranteed to be 
the global solution, the JO has shown the superiority to the 
existing methods. The minimum cost obtained by JO method 
is 17937.6739$/h, which is the best cost found so far and 
also compared the JO  method with the SDA, IGA_MU and 
HQPSO  methods. The minimum cost for SDE, IGA_MU and 
HQPSO is 17963.8293$/hr, 17963.9848$/hr and 
17963.9571 $/hr. respectively. The results demonstrate that 
the proposed algorithm outperforms the other methods in 
terms of better optimal solution. 

 

 

5. CONCLUSION 

    The optimum cost for thirteen generating units with valve 
point effect is achieved by JO and after comparing with the 
existing algorithm it is found that the proposed algorithm 
outperforms the other methods in terms of better optimal 
solution and the best ELD solutions obtained by the 
proposed method for the load demand of 1800 MW. Though 
the obtained best solution is not guaranteed to be the global 
solution, the JO has shown the superiority to the existing 
methods. The results demonstrate that the proposed 
algorithm outperforms the other methods in terms of better 
optimal solution. 
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