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Abstract— Because of  the advancement of technology and industry, continued access to electrical energy has become one of the essential re-
quirements of the world. So, continue a large part of manufacturing activity, economic, social and agricultural is not possible without improvement of 
electrical energy. In this paper, a mutation operator based on three separate corrections is suggested to add to the original Bats Algorithm (BA) with 
an effective way to improve the algorithm performance. Also, the Bats modified algorithm (MBA) is implemented for solving complex non-convex 
and uneven RCED by three testing system. Finally, the results of modified algorithm  are simulated and the convergence of the MBA is compared 
with BA to evaluate the accuracy of the proposed algorithm. 
  

Index Terms— voltage control, Renewable energies, distribution networks, distributed generation, photovoltaic.  

——————————      —————————— 

1 INTRODUCTION                                                                     

conomic distribution (ED) is the most important part of 
the system optimization so that it has an effective role  in 

load diffusion, performance and control of the power system 
[1-3]. By implementing the ED, demanded load and power 
losses of system have been planned in committed units to the 
economic performance of the system in a short period of prac-
tical constraints [4-5]. For modelling and then applying ED in 
the real operation power system, it is necessary to consider 
Statutory Reserve Requirement (SRR) in order to overcome the 
biggest output error and errors of  unwanted load [6-7]. Actu-
ally, the change in the output units from time to time is limited 
because of limitations in up and down of ramp rate [8-9]. In 
addition, open steam valves of big  steam  turbine to a large 
increase in power output cause a Non-convex characteristic in 
the cost function of the fuel. Therefore, it is needed to a prac-
ticing ED include the effects of valves, slope rate limits and 
SRR, which is limited to find an optimal result of  load flow 
[10-11]. In this paper, ED theory is investigated with three 
kinds of SRR and slope rate limits [12-13]. Also, an accurate 
technique based on a BAT algorithm (BA) is implemented to 
solve the problem of  RCED in real-time with power system 
application and real size that fuel costs of thermal units are 
minimized [14-15]. Furthermore, a mutation operator based on 
three separate corrections is proposed to add to the original 
Bats Algorithm with an effective way to improve the algorithm 
performance [16].  

 

2 BATS ALGORITHM  
Bats are the only mammals that capable of echoes. Bats emit 
sound pulses with Low-frequency and  then they are waiting 
for the reflected signal from their surroundings as shown in 
figure 1 [17-18].  

 
Fig. 1. Use echo to find prey by a bat 

 
Pulses are different in terms of their features and also they are 
depending on kind of  bats [19]. Many bats use short signals 
with different frequencies are to move around a special site. 
While the other use the fixed frequency signal for echoloca-
tion. Signal bandwidth varies according to the their kinds, in 
addition they have often increased using more harmonics [20]. 
 
3  Load economic distribution by a classic form 
The economic distribution of classic load is used to determine 
the output power of each unit for reduce fuel costs [21]. This 
model is applied to minimize the total fuel cost function of the 
circuit units and thus minimize the total cost of production 
system. In other words, the relationship of this model is as 
follows: 
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Where  C is the total of  production cost, Fi  is the fuel cost 
function of the i-unit, pgi named  output  power of i-generator 
and Ng is the number generators of the operating system. 
 
4  The effect of steam valves 
Several steam valves have been used to control the output 
power units in the powerhouse [22]. These steam valves are 
causing ripples in the curve of fuel costs . When the steam 
valves of input unit are opened for the first time, a sudden 
increase in mortality will be occur and then it causes ripples in 
the system [23-29]. The conventional methods of mathematical 
optimization are not capable of responding to this situation 
due to abrupt changes and discontinuities in the incremental 
cost function. As shown in figure 2 the effect of the steam 
valve is  exhibited  on the fuel cost curve. 

 
Fig. 2. Illustration of Fuel cost curves for generators with 5steam 

valves.  

 
5 Economic distribution model based on steam 
valves effect 
A mathematical model is a explanation of a system based on 
mathematical definitions and language. This model has been 
used to predict the behavior of original device and element 
specially nanomaterials in engineering [24-27-28]. Mathemati-
cal model of the objective function for load economic distribu-
tion problem need to modify with the effect of the steam 
valves in the powerhouse thermal. The fuel cost function is 
modified with respect to this effect as the sum of two parts so 
that the first and the second term is a quadratic function and 
absolute value of the sine function respectively. 
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where  ei and fi are   the the valve position parameters of i-

generator, Ai ,Bi, Ci are  the fuel cost function factors of i-unit. 
Recently, the steam valve effect has been considered to solve  
ED problems by many researchers. 
 

6  Results and discussion of EED 
1-6  Simulation results on a test network 
In this part ED with the objective function of total cost and 
also, the objective function of the total pollution is investigat-
ed. In addition, the results of single-objective optimization and 
multi-objective optimization results is  presented. 
 
1-1-6 Load Distribution Economic  
Network test: System with 10 units 
This test system includes 10 power units with valve-point ef-
fects and fuel multiple choice for demanding  2700 MW load. 
Information about the system is shown in Table 1. 
 

Table 1  The first test system with 10 power plant units 

 

 

 

 
Table 2  Simulation results of the optimization of economic distri-
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bution of the load on first test network 

 
Table 3 The amount of generating power for generating power 

units in the first test network 

 

 
Fig. 3 .The convergence speed of the proposed algorithm in the 

first test 
2-1-6  Load Economic distribution and pollution 
simultaneously 

Test system: System with 6 units 
This test system consists of six units that be required to give an 
appropriate response for 2.834 MW demanded load. Infor-
mation about pollution and cost functions of the proposed 
system are given in the table 4. The objective function of pollu-
tion includes the amount of produced both  sulfur dioxide and 
nitrogen oxide pollution. The nominal power of 100 MW is 
used to per-unit the values of the maxima and minima of pro-
duction. It should be noted that these values have been pre-
pared based on the IEEE Standard. 

 
Table 4  Pollution information about systems with 6 power plant units 

 
Table 5  Cost Information of System with 6 power plant units (100 

MW Base Case) 

 

 

 
Table 6  Simulation results for the distribution optimization of 
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economic pollution on First Test networks 

 
Table 7 Amount of production power of generating units in the 

first test network 

 
The nominal power of 100 MW is used to per-unit the values 
of the maxima and minima of production.  

 
Fig. 4.  Results of multi-objective optimization and flung points in 

the first test network 
It should be noted that these values have been prepared based 
on the IEEE Standard. 

 
7  Conclusion 
In this research a new evolutionary optimization algorithm 
called MBA is suggested to solve the non-smooth con-
vex optimization problems of ED. The proposed method is 
implemented to set the parameters and mutation strategies for 
improving the performance of the algorithm BA. The main 
idea of this improved method is increasing the Crossover and 
Mutation operators to raise the distribution of the bat popula-
tion. Furthermore, this correction method is presented to over-
come the shortcomings of premature convergence. In this 
work not only the cost objective function at the traditional dis-
tribution of economic load is considered, but also, objective 
function of pollution is focused. This function is especially 
interesting from the perspective of environmental resources. 
Also, the flung points idea is presented to solve multi-
objective structure that, it offers a set of appropriate responses 
instead of  an optimal solution. This method can give permis-
sion to the operator to select an optimal operating point based 
on the needs and preferences of  the network.  
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