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Abstract: The main aim of Economic load dispatch is to reduce the total production cost of the generating system and at 
the same time the necessary equality and inequality constraints should also be fulfilled. Real power generation optimization 
is necessary for minimizing the production cost. Real power generations from different generators are the control 
parameters in this project. These control parameter values are adjusted for minimization of cost of real power generation 
from different generating stations. In this project, the newly introduced Black Hole (BH) algorithm is proposed for finding 
suitable values of the control parameters that optimizes real power generation. The algorithm has less number of operators 
and can be easily implemented for any optimization problems. The proposed algorithm tested on 40 generator units system 
and the results produce better optimal solution. 
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I. INTRODUCTION 

Economic dispatch problem is one of the most 
important problems in electric power system operation. In 
large scale system, the problem is more complex and 
difficult to find out optimal solution because it is nonlinear 
function and it contains number of local optimal. Economic 
and Emission dispatch problem is to schedule the committed 
generating units output to meet the required load demand at 
minimum operating cost with minimum emission 
simultaneously [1]. Optimal solution of the ED problem 
provides significant economic advantages. With the 
increased interest in environmental pollution, the traditional 
ED, which ignores the pollutant emissions of the fossil fuels 
used by the thermal plants, no longer satisfies the needs. 
Therefore, the environmental economic dispatch (EED), as 
an alternative, has become more attractive, because it 
considers the pollutant emissions as well as economic 
advantages [1]. The solution of the EED problem comprises 
some important evaluation criteria such as fuel cost, 
environmental impact and total active power loss. Fossil 
fuels cause atmospheric waste emission composed of gases 
and particles such as carbon dioxide, sulphur dioxide, 
nitrogen oxide. These waste gases endanger all living 
creatures and even lead to global warming. Emission of 
sulphur dioxide , one of the waste gases, is dependent only 
on the fuel consumption therefore easier to model 
mathematically [1]. On mathematical modeling of nitrogen  

 
Dioxide emission is more far more difficult since it depends 
on a few factors such as boiler temperature and air fuel 
mixture. So, the Emission and Economic Dispatch problem 
is a multi-objective mathematical problem in which 
conflicting objectives are optimized simultaneously. This 
makes the Economic Dispatch problem a large-scale highly 
constrained nonlinear optimization problem [4]. 

The remainder of this paper is organizes as follows. 
Section II describes the formulation of the problem. Section 
III investigates the black hole algorithms. Section IV shows 
the simulation results. Section V contains the conclusion. 

II. FORMULATION OF THE PROBLEM 

2.1 Objective Function 

The objective function of this work is to find the 
optimal settings of real power generation which minimizes 
the cost. Hence, the objective function can be expressed as 

 

 
(1) 

 
Where, 

γ - Scaling factor 
w- Weight factor 
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2.2 Economic Dispatch 

The economic dispatch problem is to determine the 
optimal mixture of power generation in a manner that the 
entire production cost of the entire system is reduced while 
satisfying the total power demand and few key power system 
factors. Therefore, the total production cost function of 
economic dispatch problem is defined as the total sum of the 
fuel costs of all the generating plant units as mentioned 
below. The first objective is fuel cost minimization given by 

     (2)                                                   
Where, 

  -  Generating power 

, , -  fuel cost coefficient 

 
2.3 Emission Dispatch 

The solution of economic dispatch problem will 
provide the quantity of active power to be produced by 
various units at the minimum production cost for a certain 
power requirement. On the other hand, the total quantity of 
pollutant emission is not considered in conventional 
economic dispatch problem. The quantity of pollutant 
emission resulting from a fossil-fired thermal generating unit 
is based on the amount of power generated by every unit. 
For reducing the complexity, the total emission produced 
can be modeled as a direct sum of a quadratic function and 
an exponential term of the active power output of the 
generating units. The pollutant emission dispatch problem 
can be described as the optimization of total amount of 
pollutant emission given as below: 
The emission is calculated by the following expression. 

         (3)  
Where 

            , , , , -Emission cost coefficients 

 
2.4 Constraints 

The minimization problem is subject to the 
following equality and inequality constraints 
Equality constraints: 

Load Flow Constraints: 

       (4)  
 

                                 (5) 

 

Inequality constraints: 
          Real power generation constraints: 
 

                        (6) 

 
          Transmission line flow limit: 

                     (7) 

III. BLACK HOLE ALGORITHMS 

 The Black Hole algorithm is a population-based 
method that has some common features with other 
population-based methods. As with other population-based 
algorithms, a population of candidate solutions to a given 
problem is generated and distribute randomly in the search 
space. The population-based algorithms evolve the created 
population towards the optimal solution via certain 
mechanisms. For example, in GAs, the evolving is done by 
mutation and crossover operations. In PSO, this is done by 
moving the candidate solutions around in the search space 
using the best found locations, which are updated as better 
locations are found by the candidates. In the proposed BH 
algorithm the evolving of the population is done by moving 
all the candidates towards the best candidate in each 
iteration, namely, the black hole and replacing those 
candidates that enter within the range of the black hole by 
newly generated candidates in the search space. The black 
hole terminology has been used for the first time in solving 
benchmark functions. However, that method is different 
from the proposed. 

In this method, at each iteration, a new particle is 
generated randomly near to the best particle, and then, based 
on two random generated numbers, the algorithm updates 
the locations of the particles either by the PSO or the new 
mechanism. In other words, that method is an extension of 
the PSO and a new generated particle called the black hole 
attracts other particles under certain conditions, which used 
to accelerate the convergence speed of the PSO and also to 
prevent the local optima problem. In this method there is 
nothing about the event horizon of the black hole and the 
destruction of the stars (candidates). The proposed BH 
algorithm in this paper is more similar to the natural black 
hole phenomenon and is completely different from the black 
hole PSO. In our BH algorithm the best candidate among all 
the candidates at each iteration is selected as a black hole 
and all the other candidates form the normal stars. The 
creation of the black hole is not random and it is one of the 
real candidates of the population. Then, all the candidates 
are moved towards the black hole based on their current 
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location and a random number. The details of the BH 
algorithms are as follows, like other population-based 
algorithms, in the proposed black hole algorithm (BH) 
randomly generated populations of candidate solutions – the 
stars – are placed in the search space of some problem or 
function. After initialization, the fitness values of the 
population are evaluated and the best candidate in the 
population, which has the best fitness value, is selected to be 
the black hole and the rest form the normal stars. The black 
hole has the ability to absorb the stars that surround it. 

After initializing the black hole and stars, the black 
hole starts absorbing the stars around it and all the stars start 
moving towards the black hole. The absorption of stars by 
the black hole is formulated as follows: 

 (t + 1) = (t) + rand 

(         (8)                                     

 

Where (t) and  (t + 1) are the locations of the 

ith star at iterations t and t + 1, respectively.  Is the 

location of the black hole in the search space? rand is a 
random number in the interval [0, 1]. N is the number of 
stars (candidate solutions). While moving towards the black 
hole, a star may reach a location with lower cost than the 
black hole. In such a case, the black hole moves to the 
location of that star and vice versa. Then the BH algorithm 
will continue with the black hole in the new location and 
then stars start moving towards this new location. In 
addition, there is the probability of crossing the event 
horizon during moving stars towards the black hole. Every 
star (candidate solution) that crosses the event horizon of the 
black hole will be sucked by the black hole. Every time a 
candidate (star) dies – it is sucked in by the black hole – 
another candidate solution (star) is born and distributed 
randomly in the search space and starts a new search. This is 
done to keep the number of candidate solutions constant. 
The next iteration takes place after all the stars have been 
moved. 

The radius of the event horizon in the black hole 
algorithm is calculated using the following equation: 
 

                             R                               (9) 

Where 

 -  Fitness value of the black hole  

    -  Fitness value of the ith star 

            N   - Number of stars (candidate solutions).  

When the distance between a candidate solution and the 
black hole (best candidate) is less than R, that candidate is 
collapsed and a new candidate is created and distributed 
randomly in the search space. 

3.1 Steps by Step Procedure for Black Hole Algorithm 

Step1: Initialize a population of stars with random locations 
in the search Space  
Step2:  For each star, evaluate the objective function 
Step3: Select the best star that has the best fitness value as 
the black hole 
Step4: Change the location of each star  
Step5: If a star reaches a location with lower cost than the 
black hole, Exchange their locations 
Step6: If a star crosses the event horizon of the black hole, 
replace it with a new star in a random location in the search 
space 
Step7: If a termination criterion (a maximum number of 
iterations or a sufficiently good fitness) is met, exit the loop. 

IV. SIMULATION RESULTS 

The proposed Black Hole algorithms have been 
applied to the test systems. When the termination condition 
is satisfied, the best-so-far location is determined as the 
solution of the algorithm. In almost all studies on 
optimization of economic power dispatch problems in 
literature, parameters of algorithms have been determined 
without parameter analysis. In this paper, contrary to what 
other studies have done, we have worked on parameter 
configuration task. The following subsection explains how 
the parameters of algorithms have been configured. Then 
experimental results for each test system are presented in the 
remaining subsections. 
4.1 Test system: 40 generator units system 

To understand the real behaviour of algorithm and 
performance differences, it is required to be made 
comparison on a large-scale test system. We have used 
largest test system found in literature with complete data. 
The all values required for problem definition are shown in 
table1. The system having 40 generator units has also valve-
point effects. Total demand for the simulation is 9000 MW. 

In this study, error tolerance value is  MW. 

Considering The Weight Factor is W = 1 for this test system. 
Maximum number of function calls is taken as 40×10,000 
for each execution termination. 
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Table 1: Data for 40 generator units test system 
 

 
 

No         
  

Pg1 94.705 6.73 0.00690 100 0.084 0.048 -2.22 60 1.31 0.0569 36 114 

Pg2 94.705 6.73 0.00690 100 0.084 0.048 -2.22 60 1.31 0.0569 36 114 

Pg3 309.54 7.07 0.02028 100 0.084 0.0762 -2.36 100 1.31 0.0569 60 120 

Pg4 369.03 818 0.00942 150 0.063 0.054 -3.14 120 0.9142 0.0454 80 190 

Pg5 148.89 5.35 0.01140 120 0.077 0.085 -1.89 50 0.9936 0.0406 47 97 

Pg6 222.33 8.05 0.01140 100 0.084 0.0854 -3.08 80 1.31 0.0569 68 140 

Pg7 278.71 8.03 0.01142 200 0.042 0.0242 -3.06 100 0.6550 0.02846 110 300 

Pg8 391.98 6.99 0.00357 200 0.042 0.031 -2.32 130 0.6550 0.02846 135 300 

Pg9 455.76 6.60 0.00492 200 0.042 0.0335 -2.11 150 0.6550 0.02846 135 300 

Pg10 722.82 12.9 0.00573 200 0.042 0.425 -4.34 280 0.6550 0.02846 130 300 

Pg11 635.20 12.9 0.00605 200 0.042 0.0322 -4.34 220 0.6550 0.02846 94 375 

Pg12 654.69 12.8 0.00515 200 0.042 0.0338 -4.28 225 0.6550 0.02846 94 375 

Pg13 913.40 12.5 0.00569 300 0.035 0.0296 -4.18 300 0.5035 0.02075 125 500 

Pg14 1760.4 8.84 0.00421 300 0.035 0.0512 -3.34 520 0.5035 0.02075 125 500 

Pg15 1728.3 9.15 0.00752 300 0.035 0.0496 -3.55 510 0.5035 0.02075 125 500 

Pg16 1728.3 9.15 0.00708 300 0.035 0.0496 -3.55 510 0.5035 0.02075 125 500 

Pg17 647.85 7.97 0.00708 300 0.035 0.0151 -2.68 220 0.5035 0.02075 220 500 

Pg18 649.69 7.95 0.00313 300 0.035 0.0151 -2.66 222 0.5035 0.02075 220 550 

Pg19 647.83 7.97 0.00313 300 0.035 0.0151 -2.68 220 0.5035 0.02075 242 550 

Pg20 647.81 7.97 0.00313 300 0.035 0.0151 -2.68 220 0.5035 0.02075 242 550 

Pg21 785.96 6.63 0.00313 300 0.035 0.0145 -2.22 290 0.5035 0.02075 254 550 

Pg22 785.96 6.63 0.00298 300 0.035 0.0145 -2.22 285 0.5035 0.02075 254 550 

Pg23 794.53 6.66 0.00298 300 0.035 0.0138 -2.26 295 0.5035 0.02075 254 550 

Pg24 794.53 6.66 0.00284 300 0.035 0.0138 -2.26 295 0.5035 0.02075 254 550 
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Pg25 801.32 7.10 0.00284 300 0.035 0.0132 -2.42 310 0.5035 0.02075 254 550 

Pg26 801.32 7.10 0.00277 300 0.035 0.0132 -2.42 310 0.5035 0.02075 254 150 

Pg27 1055.1 3.33 0.00277 120 0.077 1.842 -1.11 360 0.9936 0.0406 10 150 

Pg28 1055.1 3.33 0.52124 120 0.077 1.842 -1.11 360 0.9936 0.0406 10 150 

Pg29 1055.1 3.33 0.52124 120 0.077 1.842 -1.11 360 0.9936 0.0406 10 97 

Pg30 148.89 5.35 0.52124 120 0.077 0.085 -1.89 50 0.9936 0.0406 47 190 

Pg31 222.92 6.43 0.01140 120 0.063 0.0121 -2.08 80 0.9142 0.0454 60 190 

Pg32 222.92 6.43 0.00160 150 0.063 0.0121 -2.08 80 0.9142 0.0454 60 190 

Pg33 222.92 6.43 0.00160 150 0.063 0.0121 -2.08 80 0.9142 0.0454 60 200 

Pg34 107.87 8.95 0.00160 200 0.042 0.0012 -3.48 65 0.6550 0.02846 90 200 

Pg35 116.58 8.62 0.00160 200 0.042 0.0012 -3.24 70 0.6550 0.02846 90 200 

Pg36 116.58 8.62 0.00010 200 0.042 0.0012 -3.24 70 0.6550 0.02846 90 110 

Pg37 307.45 5.88 0.01610 80 0.098 0.095 -1.98 100 1.42 0.0677 25 110 

Pg38 307.45 5.88 0.01610 80 0.098 0.095 -1.98 100 1.42 0.0677 25 110 

Pg39 307.45 5.88 0.01610 80 0.098 0.095 -1.98 100 1.42 0.0677 25 110 

Pg40 647.83 7.97 0.00313 300 0.035 0.0151 -2.68 220 0.5035 0.02075 242 550 

 
Table 2: Optimal values by Black Hole algorithm 
 

 
 

Parameters Initial 
Minimum Pg 
value(MW) 

Initial 
Maximum Pg 
value(MW) 

Final Pg 
value 

(MW) 

Parameters Initial 
Minimum Pg 
value(MW) 

Initial 
Maximum Pg 
value(MW) 

Final Pg 
value 

(MW) 

Pg1 36 114 75.0729 Pg21 254 550 324.7776 

Pg2 36 114 107.0068 Pg22 254 550 278.0316 

Pg3 60 120 96.2344 Pg23 254 550 263.9328 

Pg4 80 190 158.2984 Pg24 254 550 525.9151 

Pg5 47 97 76.1378 Pg25 254 550 387.5015 

Pg6 68 140 114.4172 Pg26 254 550 447.8379 
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Pg7 10 300 253.3381 Pg27 10 150 123.1975 

Pg8 135 300 266.1309 Pg28 10 150 73.9969 

Pg9 135 300 171.9893 Pg29 10 150 122.7458 

Pg10 130 300 289.2095 Pg30 47 97 69.1130 

Pg11 94 375 156.2342 Pg31 60 190 125.4091 

Pg12 94 375 251.9322 Pg32 60 190 93.1709 

Pg13 125 500 328.2340 Pg33 60 190 101.4811 

Pg14 125 500 365.6186 Pg34 90 200 130.1548 

Pg15 125 500 404.7085 Pg35 90 200 147.0273 

Pg16 125 500 256.0043 Pg36 90 200 198.0302 

Pg17 220 500 348.8226 Pg37 25 110 39.2199 

Pg18 220 500 496.3479 Pg38 25 110 42.7236 

Pg19 242 550 376.4223 Pg39 25 110 68.9264 

Pg20 242 550 457.8373 Pg40 242 550 359.8100 

Real power generation from different generators is 
the control parameters in this work. This control parameter 
values are adjusted within their limits and the total fuel cost 
and total emission rate is minimized. The optimal values of 
the control variables taken by the proposed Black hole 
algorithm in Economic Load Dispatch Problem and final 
Real power generation Pg values are obtained within their 
minimum and maximum limits, the resultant values are 
obtained given in the table2 When examining table3 in terms 
of best total fuel cost rate, it is observed that the proposed  
Approaches have obtained better values than other 
approaches listed in the table3. 

The optimization of EDP offers two benefits via 
total fuel cost minimization and Emission rate minimization. 
The results of the cost and emission reduction achieved by 
Black Hole algorithm is given in the table3, here considering 
the power demand for 9000MW.The economic load dispatch 
through Black Hole algorithm is proposed for finding a 
suitable values can be obtained through the 40generator test 
system. 
Table 3: Minimization of Fuel cost and Emission Rate by 
BH algorithm 

 

S.NO Parameters Best value 

1 Fuel cost($/h)(w=1) 2.5368e+05 

2 Emission Rate(ton/h)(w=1) 7.6969e+08 

V.  CONCLUSION 

In the study, for the solution of the combined 
economic and NOx emission dispatch problem, Black Hole 
algorithms have tried to converge the best result for the 
variations of the weight factor w. The weight factor w = 1. 
Test systems, 40-generator units, have been used in 
experiments. The importance of the proposed paper is 
coming from two main contributions. The first contribution 
is the proposed algorithm itself. The proposed algorithm is 
an adaptive and uses few parameters to be tuned. 
Furthermore, experimental results showed the proposed 
algorithms efficiency and robustness for both small and 
large-size problem instances.    
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The Proposed algorithms have predefined as a set 
of parameters which have to be initialized before an 
execution. Initial parameter setting has a significant impact 
on intensification or diversification behaviour of the 
algorithm. Therefore, although parameter setting is an 
important task before experimental study, many researchers 
working in power dispatch problems do not work on 
parameter configuration. Thus the algorithms do not present 
their real behaviour. In this paper, we presented a systematic 
approach for parameter tuning. We first defined the critical 
parameters in the algorithm and tried to make them adaptive. 
In this way, the parameters do not to be initialized carefully 
and they adapt their values while execution. Then, we tuned 
the other parameters with offline parameter tuning 
algorithm. 

ACKNOWLEDGMENT 

I would like to express my warmest thanks to our 
chairman, principal, all department HOD and staff members 
in Sardar Raja College of Engineering helped me a long way 
to complete my project work. I must thank them all from my 
depth of my heart. I express my special thanks to my 
beloved Parents and to the Lord Almighty for giving me 
moral support to do this project, without it would have not 
been completed successfully. 

REFERENCES 

[1]. Dogan Aydin , Serder Ozyon, Celal Yasar, Tianjun Liah, “Artificial  
bee colony algorithm with dynamic population size to combined 
economic and emission dispatch problem”, Electrical power and 
Energy Systems 54(2014) 144-153. 

[2]. A. Hatamlou “Black hole: A new heuristic optimization approach for 
data clustering”, Information Sciences 222 (2013) 175–184.S. Zhang, 
C. Zhu, J. K. O. Sin, and P. K. T. Mok, “A novel ultrathin elevated 
channel low-temperature poly-Si TFT,” IEEE Electron Device Lett., 
vol. 20, pp. 569–571, Nov. 1999. 

[3]. Mostafa, Hossein, Navid “Binary Black Holes Algorithm” 
International Journal of Computer Applications (0975-8887), 
Volume 79-No6, October 2013.M. Wegmuller, J. P. von der Weid, P. 
Oberson, and N. Gisin, “High resolution fiber distributed 
measurements with coherent OFDR,” in Proc. ECOC’00, 2000, paper 
11.3.4, p. 109. 

[4]. R.Gopalakrishnan and A Krishnan, “An Efficient Technique to Solve 
Combined Economic and Emission Dispatch Problem Using 
Modified Ant Colony Optimization”, sadhana,Vol. 38, Part 4, August 
2013, pp. 545–556, Indian Academy of Sciences. 

[5]. Panigrahi Bk, Ravikumar Pandi v, Sanjoy Das, Swagatam Das, 
“Multi objective fuzzy dominance based bacterial foraging algorithm 
to solve economic emission dispatch problem”, Energy  2010:35(12): 
4761-70.R. E. Sorace, V. S. Reinhardt, and S. A. Vaughn, “High-

speed digital-to-RF converter,” U.S. Patent 5 668 842, Sept. 16, 
1997. 

[6]. Leandro dos Santos Coelho, Chu-Sheng Lee, “Solving Economic 
Load Dispatch Problems in Power Systems Using Chaotic and 
Gaussian Particle Swarm Optimization Approaches”, Electrical 
Power and Energy Systems 30 (2008) 297–307. 

[7]. Abido M.A. “Multi objective evolutionary algorithm for electric 
power dispatch problem”, IEEE Trans Evolutionary Computation 
2006; 10(3):315–29. 

[8]. “A novel multi objective evolutionary algorithm for environmental/ 
economic power dispatch”, Electr. Power Syst. Res., vol. 65, no. 1, 
pp. 71–81, Apr. 2003. 

[9]. J. S. Dhillon, S. C. Parti, and D. P. Kothari, “Stochastic economic 
emission load dispatch”, Electr. Power Syst. Res., vol. 26, pp. 186–
197, 1993. 

[10]. Ahmed Farag"  Samir  Al- Baiyat T. C. Cheng “Economic Load 
Dispatch Multi objective Optimization Procedures Using Linear 
Programming Techniques” IEEE Transactions on Power Systems, 
Vol. 10, No. 2, May 1995. 

BIOGRAPHY 

 

S.ESAKKI@THYRIALAKSHMI is a 
postgraduate student with the 
Department of Electrical and Electronics 
Engineering in Power systems 
engineering at Sardar Raja College of 
Engineering, Alangulam, Tamil Nadu, 
India. Economic load dispatch is her 

important area of interest.  
 

K.ARCHUNARAJA received the Degree in Electrical and 
Electronics Engineering and Master Degree in Power 
Electronics and Drives in 2004 and 2010 respectively. He is 
an Assistant Professor of Electrical and Electronics 
Engineering at Sardar Raja College of Engineering, 
Alangulam, Tamil Nadu, India. He is interested in power 
system operation optimization research.  

 


