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ABSTRACT 
In this paper, a new approach, called water cycle algorithm (WCA) used for solving optimal 
reactive power dispatch problem. The design of the WCA as an optimization algorithm was 
imitative from nature & after probing the whole water cycle process which involves the flow of 
streams and rivers into the sea in the natural world.The proposed (WCA) algorithm has been tested 
on standard IEEE 30 bus test system and simulation results shows clearly about the superior 
performance of the proposed algorithm in dropping the real power loss.                                              

                                                                                                                  
 Key Words : Optimal Reactive Power, Transmission loss, voltage stability, Water Cycle 
Algorithm, Bio-inspired algorithm.                                                                                                        
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INTRODUCTION 
 

The main objective of optimal reactive power dispatch (ORPD) problem is to minimize the real 
power loss and bus voltage deviation by fulfilling a set of physical and working constraints imposed 
by apparatus limitations and security needs. Various mathematical techniques like the gradient 
method [1-2], Newton method [3] and linear programming [4-7] have been adopted to solve the 
optimal reactive power dispatch problem. Both   the gradient and Newton methods has the difficulty 
in overseeing inequality constraints. If linear programming is applied then the input- output function 
has to be articulated as a set of linear functions which mostly lead to loss of correctness.   The 
problem of voltage stability and collapse play a   major role in power system planning and operation 
[8].  Global optimization has received extensive research alertness, and a great number of methods 
have been applied to solve this problem. Evolutionary algorithms such as genetic algorithm have 
been already planned to solve the reactive power flow problem [9,10].Evolutionary algorithm is a 
heuristic approach used  for minimization problems  by utilizing nonlinear and non-differentiable 
continuous space functions. In [11], Genetic algorithm has been used to solve   optimal reactive 
power flow problem. In [12], Hybrid differential evolution algorithm is proposed to improve the 
voltage stability index. In [13] Biogeography Based algorithm is considered to solve the reactive 
power dispatch problem. In [14], a fuzzy based method is used to solve the optimal reactive power 
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scheduling method .In [15], an improved evolutionary programming is used to solve the optimal 
reactive power dispatch problem. In [16], the optimal reactive power flow problem is solved by 
integrating a genetic algorithm with a nonlinear interior point method. In [17], a pattern algorithm is 
used to solve ac-dc optimal reactive power flow model with the generator capability limits. In [18], 
proposes a two-step approach to evaluate Reactive power reserves with respect to operating 
constraints and voltage stability.  In [19], a programming based proposed approach used to solve the 
optimal reactive power dispatch problem. In [20], presents a probabilistic algorithm for optimal 
reactive power provision in hybrid electricity markets with uncertain loads. In this study, a new 
optimization algorithm, acknowledged as the water cycle algorithm (WCA) [21], has been used to 
solve the optimal reactive power dispatch problem. The inspiration for the idea of WCA was drawn 
from observing the nature and came from studying the water cycle and observing the way in which 
the streams and rivers flow downwards into the sea in this natural earth. The proposed algorithm 
WCA has   been evaluated in standard IEEE 30 bus test system & the simulation results shows   that 
our proposed approach outperforms all reported algorithms in minimization of real power loss.          

 
MATERIALS AND METHODS 

Problem Formulation  
The OPF problem is measured as a general minimization problem with constraints, and can be 
mathematically written in the following form: 
 

Minimize f(x, u)                                                   (1) 
Subject to g(x,u)=0                                               (2) 

and 
                                                               (3) 

 
Where f(x,u) is the objective function. g(x.u) and h(x,u) are respectively the set of equality and 
inequality constraints. x is the vector of state variables, and u is the vector of control variables. 
 
The state variables are the load buses (PQ buses) voltages, angles, the generator reactive powers 
and the slack active generator power: 

           (4) 
The control variables are the generator bus voltages, the shunt capacitors/reactors and the 
transformers tap-settings: 

                                                    (5) 
or 

                (6) 
Where Ng, Nt and Nc are the number of generators, number of tap transformers and the number of 
shunt compensators respectively. 

Objective Function 

Active power loss 
The objective of the reactive power dispatch is to minimize the active power loss in the 
transmission network, which can be described as follows: 
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                                                                                        (7) 

or 
 

 
                                                                                        (8) 

 
Where gk : is the conductance of branch between nodes i and j, Nbr: is the total number of 
transmission lines in power systems. Pd: is the total active power demand, Pgi: is the generator 
active power of unit i, and Pgsalck: is the generator active power of slack bus. 

Voltage profile improvement 
For minimizing the voltage deviation in PQ buses, the objective function becomes: 

                                 (9) 
Where ωv: is a weighting factor of voltage deviation. 
VD is the voltage deviation given by: 

                                 (10) 

Equality Constraint  
The equality constraint g(x,u) of the ORPD problem is represented by the power balance equation, 
where the total power generation must cover the total power demand and the power losses: 
 

                                          (11) 
 
This equation is solved by running Newton Raphson load flow method, by calculating the active 
power of slack bus to determine active power loss. 

Inequality Constraints  
The inequality constraints h(x,u) reflect the limits on components in the power system as well as the 
limits created to ensure system security. Upper and lower bounds on the active power of slack bus, 
and reactive power of generators: 
 

                 (12) 
 

               (13) 
 
Upper and lower bounds on the bus voltage magnitudes:          
 

                   (14) 
 
Upper and lower bounds on the transformers tap ratios: 
 

                 (15) 
 
Upper and lower bounds on the compensators reactive powers: 
 

               (16) 
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Where N is the total number of buses, NT is the total number of Transformers; Nc is the total 
number of shunt reactive compensators. 

The water cycle algorithm 

Fundamental conception 
As water flows down from upper place to lower one, a river or a stream is formed. As such, most 
rivers are created at the top of mountains where the melting of snow occurs. In turn, the rivers 
continuously flow down and along this voyage they are feed with water from rainfall and from other 
streams before they consequently finish up in the sea. The water in lakes and rivers begin to 
evaporate. Also during the course of action in photosynthesis plants give off water. Then, the water 
that is evaporated or transpired goes up into the atmosphere and leads to the creation of clouds that 
condense in the colder air above. Thus the water is dispersed through precipitation and the 
formation of rain back to the earth again. This procedure is known as the water cycle [22]. In our 
natural world, most of the water that comes from the melting of snow or from rainfall seep into the 
porous layer of rock or soil seditious and is stored there in large amounts. This aquifer is sometimes 
referred to as groundwater for more explanation. That water in the aquifer flows in a downward 
direction, seditious in the same way that it flows on the surface of the ground. The underground 
water could be emptied into a lake, swamp or stream. More clouds are formed through the 
disappearance of water from streams and rivers, together with transpiration from trees and other 
vegetation, thus causing more rain to fall, and consequently the cycle go on.                                        

Proposed Water Cycle Algorithm  
WCA starts with initial population, which can be compared to the raindrops. Primarily, we start 
with the postulation that rain or precipitation is available. A sea is selected as the best individual 
(best raindrop). A number of value raindrops are selected to symbolize a river while the remainder 
of the raindrops are represented streams flowing into the sea and the rivers. Each river takes in 
water from the streams according to the force of their flow. Actually, the quantity of water entering 
a river and sea differs from one stream to another. In addition, the flow of the rivers into the sea is 
as it at the lowest location.                                                                                                                      

 

Generate the initial population 
When population-based meta-heuristic methods are engaged to resolve an optimization problem, the 
problem variables values must be prearranged in form of an array. This array is named 
“Chromosome” and “Particle location” in Genetic Algorithm and Particle Swarm Optimization 
terminologies, respectively. Hence, in the proposed  method, the array for a single solution is 
appropriately called a “raindrop”. A raindrop is an array of in a dimensional 
optimization problem, and then this array can be defined as:                                                                 

 
    (17) 

   
The raindrop cost could be determined by calculating the function of cost (C) as: 

 
 

 
                                                                         (18) 
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Where  and are represented the number of raindrops (initial population) and design 
variables. First,  raindrops are created. A number of are chosen as the sea and rivers from 
the best individuals (minimum values). The raindrop with the least value among the rest is taken as 
a sea. Actually,  represents the total Number of Rivers (user parameter) for a single sea as shown 
in Eq. (18). The remainder of the population (raindrops that compose the streams that flow down 
directly into the sea or into the rivers) is determined by using Eq. (19).                                               

  
 

       (18) 
 

               (19) 
 

The following equation is used to assign raindrops into the sea or the rivers concerning about the 
strength of the flow:                                                                                                                                

 
                                                         (20) 

 
This idea can also be applied on rivers that flow into the sea so the new position for the rivers and 
streams can be given as:                                                                                                                          

 
 

                                                                (21) 
 

 
                                                                          (22) 

 
Where C is represented a value between 1 and 2                                                                                   
(Nearer to 2), the best selected value for C is 2.As rand stands for a uniformly distributed random 
number between 0 and 1, If the solution which is given by a stream is better than its connecting 
river then the positions of the stream and the river can be exchanged (i.e. the stream becomes the 
river and vice versa). Similarly, like this exchange may also occur in the position of the sea and the 
rivers.                                                                                                                                                       
Evaporation is a process where dmax represents small number (closer to zero). If the distance 
between the sea and the river is less than dmax, it signifies that the river arrived at or linked with the 
sea. The evaporation process is taken into consideration in this situation and as can be observed in 
nature, after ample evaporation has taken place, it will begin to rain or precipitation will occur. A 
large dmax value will lower the search but a small value will encourage an intensification of the 
search close to the sea. As such, the intensity of the search close to the sea (the optimum solution) is 
controlled by the dmax. The value of the dmax adapts accordingly and decreases as:                              

 

                                                   (23) 
 

On completion of the evaporation, the rain process is employed. The raining process involves the 
formation of streams in various locations by the new raindrops. The following equation is used to 
specify new locations of the freshly new forming streams:                                                                   

  
 

                                                                               (24) 
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Where UB and LB is the upper and lower bounds respectively as identified from the given problem. 
Eq. (25) is only used for those streams which flow directly into the sea in order to improve the 
computational performance of the algorithm and the convergence rate of the controlled problems.     
The objective of this equation is to foster the creation of the streams that flow straight into the sea in 
order to increase the search near the sea (the optimum solution) of the feasible area for the 
controlled problems.                                                                                                                                

 
                                                        (25) 

 
Where  is a coefficient that indicates the range of the search area close to the sea and randn is the 
normally distributed random number. While the larger value for  raises the possibility of exiting in 
the feasible area, the smaller value for steers the algorithm to search in a narrow area close to the 
sea. The suitable value to set for  is 0.1. From a mathematical perspective, the standard deviation is 
represented by the term  in Eq. (25) and thus, the concept of variance is accordingly defined as l. 

By employing these concepts, the individuals that are generated with variance  are dispersed 
approximate to the best optimum point which is the  (Sea) that has been obtained. 

 
WCA algorithm for solving ORPD problem  

 
 

• Step 1: select the WCA preliminary parameters: 

 
• Step 2: generate the random preliminary population and form the sea, rivers and preliminary 

streams (raindrops) by using Equations (18) and (19). 
• Step 3: calculate the worth (cost) of each raindrop by using Eq. (17). 
• Step 4: find out the concentration of the flow for the sea and rivers by using Eq. (20). 
• Step 5: find the flow of the streams into the rivers by using Eq. (21). 
• Step 6: find the flow of the rivers into the sea (the most downwards position) by using Eq. 

(22). 
• Step 7: exchange the point of the stream with the river in order to obtain the best solution,. 
• Step 8: similar to Step 7, whether the river could find an improved solution than the sea, 

exchanging the position of the sea with that of the river. 
• Step 9: examine about the conditions of the evaporation are satisfied. 
• Step 10: check   the conditions of the evaporation are satisfied and the rain process will 

occur by using Equations (24) and (25). 
• Step 11: tumbling the value of , which is measured a defined user parameter by using 

Eq. (23). 
• Step 12: analysis about the criteria of convergence - if the stopping criteria is met, the 

algorithm will stop or else it will go again to Step 5. 
 

RESULT AND DISCUSSION 

WCA algorithm has been tested on standard IEEE 30-bus, 41 branch system. It has a total of 13 
control variables as follows: 6 generator-bus voltage magnitudes, 4 transformer-tap settings, and 2 
bus shunt reactive compensators. Bus 1 is the slack bus, 2, 5, 8, 11 and 13 are taken as PV generator 
buses and the rest are PQ load buses. The calculated security constraints are the voltage magnitudes 
of all buses, the reactive power limits of the shunt VAR compensators and the transformers tap 
settings limits. The variables limits are listed in table 1.                                                                         
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The transformer taps and the reactive power source installation are discrete with the changes step of 
0.01.  The power limits generators buses are represented in Table2. Generators buses are: PV buses 
2,5,8,11,13 and slack bus is 1.the others are PQ-buses. 

Table 1: Initial Variables Limits (PU) 

Control 

variables 

 

Min. 

value 

Max. 

value 

Type 

Generator: Vg 0.90 1.03 Continuous 

Load Bus: VL 0.91 1.00 Continuous 

T 0.90 1.37 Discrete 

Qc -0.11 0.30 Discrete 

Table 2: Generators Power Limits in MW and MVAR 

Bus n° Pg Pgmin Pgmax Qgmin 

1 94.00 50 200 -20 

2 80.00 20 80 -20 

5 21.00 15 55 -13 

8 20.00 10 31 -13 

11 20.00 10 25 -10 
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13 20.00 11 40 -13 

 

Table 3: Values of Control Variables after Optimization and Active Power Loss 

Control 

Variables 
(p.u) 

WCA 

 

V1 1.0301 

V2 1.0303 

V5 1.0185 

V8 1.0209 

V11 1.0601 

V13 1.0432 

T4,12 0.00 

T6,9 0.01 

T6,10 0.90 

T28,27 0.90 

Q10 0.10 

Q24 0.10 
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PLOSS 4.9101 

VD 0.9092 

The proposed approach succeeds in keeping the dependent variables within their limits.    
    
Table 4 summarizes the results of the optimal solution obtained by PSO, SGA and WCA methods.  
 It reveals the decrease of real power loss after optimization  

Table 4: Comparison Results of Different Methods 

SGA[9]  PSO[10]  WCA 

4.98 Mw  4.9262Mw  4.9101Mw  

CONCLUSION 

In this paper, the WCA has been effectively implemented to solve ORPD problem. The main 
reward of the WCA to the ORPD problem are optimization of dissimilar type of objective function - 
real coded of both continuous, discrete control variables and easily handling nonlinear constraints. 
The projected algorithm has been tested on the IEEE 30-bus system.  The results are compared with 
the other heuristic methods such as SGA and PSO algorithm reported in the literature and WCA 
demonstrated its effectiveness and robustness in solving the reactive power dispatch problem. 
 

REFERENCES 
 

[1] O.Alsac,and B. Scott, “Optimal load flow with steady state security”,IEEE Transaction. PAS -
1973, pp. 745-751. 
[2] Lee K Y ,Paru Y M , Oritz J L –A united approach to optimal real and reactive power dispatch , 
IEEE Transactions on power Apparatus and systems 1985: PAS-104 : 1147-1153 
[3] A.Monticelli , M .V.F Pereira ,and S. Granville , “Security constrained optimal power flow with 
post contingency corrective rescheduling” , IEEE Transactions on Power Systems :PWRS-2, No. 1, 
pp.175-182.,1987. 
[4] Deeb N ,Shahidehpur S.M ,Linear reactive power optimization in a large power network using 
the decomposition approach. IEEE Transactions on power system 1990: 5(2) : 428-435 
 [5] E. Hobson ,’Network consrained reactive power control using linear programming, ‘ IEEE 
Transactions on power systems PAS -99 (4) ,pp 868=877, 1980 
[6] K.Y Lee ,Y.M Park , and J.L Oritz, “Fuel –cost optimization for both real and reactive power 
dispatches” , IEE Proc; 131C,(3), pp.85-93. 
[7] M.K. Mangoli, and K.Y. Lee, “Optimal real and reactive power control using linear 
programming” , Electr.Power Syst.Res, Vol.26, pp.1-10,1993. 
 [8] C.A. Canizares , A.C.Z.de Souza and V.H. Quintana , “ Comparison of performance indices for 
detection of proximity to voltage collapse ,’’ vol. 11. no.3 , pp.1441-1450, Aug 1996 . 



 
K. Lenin et al                                                                J. of Eng. & Techn. Res., 2014, 2(2):1:11 

 

10 
 

[9] S.R.Paranjothi ,and K.Anburaja, “Optimal power flow using refined genetic algorithm”, 
Electr.Power Compon.Syst , Vol. 30, 1055-1063,2002. 
[10] D. Devaraj, and B. Yeganarayana, “Genetic algorithm based optimal power flow for security 
enhancement”, IEE proc-Generation.Transmission and. Distribution; 152, 6 November 2005. 
[11] A. Berizzi, C. Bovo, M. Merlo, and M. Delfanti, “A ga approach to compare orpf objective 
functions including secondary voltage regulation,” Electric Power Systems Research, vol. 84, no. 1, 
pp. 187 – 194, 2012. 
[12] C.-F. Yang, G. G. Lai, C.-H. Lee, C.-T. Su, and G. W. Chang, “Optimal setting of reactive 
compensation devices with an improved voltage stability index for voltage stability enhancement,” 
International Journal of Electrical Power and Energy Systems, vol. 37, no. 1, pp. 50 – 57, 2012. 
[13] P. Roy, S. Ghoshal, and S. Thakur, “Optimal var control for improvements in voltage profiles 
and for real power loss minimization using biogeography based optimization,” International Journal 
of Electrical Power and Energy Systems, vol. 43, no. 1, pp. 830 – 838, 2012. 
[14] B. Venkatesh, G. Sadasivam, and M. Khan, “A new optimal reactive power scheduling method 
for loss minimization and voltage stability margin maximization using successive multi-objective 
fuzzy lp technique,” IEEE Transactions on Power Systems, vol. 15, no. 2, pp. 844 – 851, may 2000. 
[15] W. Yan, S. Lu, and D. Yu, “A novel optimal reactive power dispatch method based on an 
improved hybrid evolutionary programming technique,” IEEE Transactions on Power Systems, vol. 
19, no. 2, pp. 913 – 918, may 2004. 
[16] W. Yan, F. Liu, C. Chung, and K. Wong, “A hybrid genetic algorithminterior point method for 
optimal reactive power flow,” IEEE Transactions on Power Systems, vol. 21, no. 3, pp. 1163 –
1169, aug. 2006. 
[17] J. Yu, W. Yan, W. Li, C. Chung, and K. Wong, “An unfixed piecewiseoptimal reactive power-
flow model and its algorithm for ac-dc systems,” IEEE Transactions on Power Systems, vol. 23, no. 
1, pp. 170 –176, feb. 2008. 
[18] F. Capitanescu, “Assessing reactive power reserves with respect to operating constraints and 
voltage stability,” IEEE Transactions on Power Systems, vol. 26, no. 4, pp. 2224–2234, nov. 2011. 
[19] Z. Hu, X. Wang, and G. Taylor, “Stochastic optimal reactive power dispatch: Formulation and 
solution method,” International Journal of Electrical Power and Energy Systems, vol. 32, no. 6, pp. 
615 – 621, 2010. 
[20] A. Kargarian, M. Raoofat, and M. Mohammadi, “Probabilistic reactive power procurement in 
hybrid electricity markets with uncertain loads,” Electric Power Systems Research, vol. 82, no. 1, 
pp. 68 – 80, 2012. 
[21] Eskandar, Hadi, et al. "Water cycle algorithm– A novel metaheuristic optimization method for 
solving constrained engineering optimization problems." Computers & Structures (2012). 
[22]David S. The water cycle, illustrations by John Yates. New York: Thomson Learning; 1993. 

 
 

 

 

K. Lenin has received his B.E., Degree, electrical and electronics 
engineering in 1999 from university of madras, Chennai, India and M.E., 
Degree in power systems in 2000 from Annamalai University, TamilNadu, 
India. At present pursuing Ph.D., degree at JNTU, Hyderabad,India.            

  
  
              Bhumanapally. RavindhranathReddy, Born on      3rd 
September,1969. Got his  B.Tech in Electrical & Electronics Engineering 



 
K. Lenin et al                                                                J. of Eng. & Techn. Res., 2014, 2(2):1:11 

 

11 
 

from the J.N.T.U. College of Engg., Anantapur in the year 1991. Completed his M.Tech in 
Energy Systems in IPGSR of J.N.T.University Hyderabad in the year 1997. Obtained his 
doctoral degree from JNTUA,Anantapur University  in the field of Electrical Power Systems. 
Published 12 Research Papers and presently guiding 6 Ph.D. Scholars. He was specialized in 
Power Systems, High Voltage Engineering and Control Systems. His research interests include 
Simulation studies on Transients of different power system equipment.                                         

    
 
 

M. Surya Kalavathi has received her B.Tech. Electrical and Electronics Engineering 
from SVU, Andhra Pradesh, India and M.Tech, power system operation and control 
from SVU, Andhra Pradesh, India. she received her Phd. Degree from JNTU, 
hyderabad and Post doc. From CMU – USA.  Currently she is Professor and Head 
of the electrical and electronics engineering department in JNTU, Hyderabad, India 
and she has Published 16 Research Papers and presently guiding 5 Ph.D. Scholars. 

She has specialised in Power Systems, High Voltage Engineering and Control Systems. Her 
research interests include Simulation   studies on Transients of different power system equipment. 
She has 18 years of experience. She has invited for various lectures in institutes.                                

  
 
 


