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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 algorithmin dropping the real power |oss.

Key Words : Optimal Reactive Power, Transmission loss, gdtstability, Water Cycle
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INTRODUCTION

The main objective of optimal reactive power dispa(ORPD) problem is to minimize the real
power loss and bus voltage deviation by fulfilliaget of physical and working constraints imposed
by apparatus limitations and security needs. Varimathematical techniques like the gradient
method [1-2], Newton method [3] and linear programgn[4-7] have been adopted to solve the
optimal reactive power dispatch problem. Both dledient and Newton methods has the difficulty
in overseeing inequality constraints. If lineargnamming is applied then the input- output function
has to be articulated as a set of linear functiwh&ch mostly lead to loss of correctness. The
problem of voltage stability and collapse playnaajor role in power system planning and operation
[8]. Global optimization has received extensiveeaach alertness, and a great number of methods
have been applied to solve this problem. Evolutipredgorithms such as genetic algorithm have
been already planned to solve the reactive powesy firoblem [9,10].Evolutionary algorithm is a
heuristic approach used for minimization probledog utilizing nonlinear and non-differentiable
continuous space functions. In [11], Genetic altponi has been used to solve optimal reactive
power flow problem. In [12], Hybrid differential elution algorithm is proposed to improve the
voltage stability index. In [13] Biogeography Basadorithm is considered to solve the reactive
power dispatch problem. In [14], a fuzzy based metis used to solve the optimal reactive power
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scheduling method .In [15], an improved evolutignprogramming is used to solve the optimal
reactive power dispatch problem. In [16], the optimeactive power flow problem is solved by
integrating a genetic algorithm with a nonlineaerior point method. In [17], a pattern algorithsn i
used to solve ac-dc optimal reactive power flow eladth the generator capability limits. In [18],
proposes a two-step approach to evaluate Reactwerpreserves with respect to operating
constraints and voltage stability. In [19], a paogming based proposed approach used to solve the
optimal reactive power dispatch problem. In [20jegents a probabilistic algorithm for optimal
reactive power provision in hybrid electricity matk with uncertain loads. In this study, a new
optimization algorithm, acknowledged as the wataie algorithm (WCA) [21], has been used to
solve the optimal reactive power dispatch probl&€he inspiration for the idea of WCA was drawn
from observing the nature and came from studyimgvthater cycle and observing the way in which
the streams and rivers flow downwards into theisdhis natural earth. The proposed algorithm
WCA has been evaluated in standard IEEE 30 lmisystem & the simulation results shows that
our proposed approach outperforms all reportedrigtgos in minimization of real power loss.

MATERIALSAND METHODS

Problem Formulation

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

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

and
hiz,u) =0 (3)

Where f(x,u) is the objective function. g(x.u) ah¢k,u) are respectively the set of equality and
inequality constraints. x is the vector of statgalales, and u is the vector of control variables.

The state variables are the load buses (PQ buséiapges, angles, the generator reactive powers
and the slack active generator power: _
x = (s, 0200 B Vi Vi Qge o0 Q) (4)
The control variables are the generator bus valtagkee shunt capacitors/reactors and the
transformers tap-settings: _
u=(V,T.Q.) (5)
or

u= {vglf "'fvg:ugf T]_,..,TM,QH,.., Q:N:}- (6)
Where Ng, Nt and Nc are the number of generatensiber of tap transformers and the number of
shunt compensators respectively.

Objective Function

Active power loss

The objective of the reactive power dispatch isnmmimize the active power loss in the
transmission network, which can be described dsvist

F=PL =Yy gi (W + V7 =2V Vicosy;)
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(7)

or
F=PL=FicngPsi — P2 = Poiaek + Diseiner Poi — P

(8)

Where g : is the conductance of branch between nodes ijambr: is the total number of
transmission lines in power systemsg: B the total active power demandy:Rs the generator
active power of unit i, andgRuck is the generator active power of slack bus.

Voltage profile improvement

For minimizing the voltage deviation in PQ busés, tbjective function becomes:
F=PL+w, XVD 9

Whereo,: is a weighting factor of voltage deviation.

VD is the voltage deviation given by:
vD = -1l (10)

Equality Constraint

The equality constraint g(x,u) of the ORPD problismepresented by the power balance equation,
where the total power generation must cover thed pmwer demand and the power losses:

P; =P, +P, (11)

This equation is solved by running Newton Raphsiad Iflow method, by calculating the active
power of slack bus to determine active power loss.

Inequality Constraints
The inequality constraints h(x,u) reflect the lisniin components in the power system as well as the

limits created to ensure system security. Upperlawer bounds on the active power of slack bus,
and reactive power of generators:
PR« < Protack < Plafacs (12)
QF™ = Qg = QI e N (13)
Upper and lower bounds on the bus voltage magrstude
|CAC O (A e = (14)
Upper and lower bounds on the transformers tapsati
MM = T, = T™¥* ;e N, (15)

Upper and lower bounds on the compensators regotwers:

Qrn = @, = Q" i e N, (16)
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Where N is the total number of buses; N the total number of Transformers; ¥ the total
number of shunt reactive compensators.

Thewater cyclealgorithm

Fundamental conception

As water flows down from upper place to lower ocaegjver or a stream is formed. As such, most
rivers are created at the top of mountains wheeentlelting of snow occurs. In turn, the rivers
continuously flow down and along this voyage they feed with water from rainfall and from other
streams before they consequently finish up in & Fhe water in lakes and rivers begin to
evaporate. Also during the course of action in peptthesis plants give off water. Then, the water
that is evaporated or transpired goes up into tim®sphere and leads to the creation of clouds that
condense in the colder air above. Thus the watedigpersed through precipitation and the
formation of rain back to the earth again. Thiscedure is known as the water cycle [22]. In our
natural world, most of the water that comes from tirelting of snow or from rainfall seep into the
porous layer of rock or soil seditious and is siditeere in large amounts. This aquifer is sometimes
referred to as groundwater for more explanatiorat Maater in the aquifer flows in a downward
direction, seditious in the same way that it flogvs the surface of the ground. The underground
water could be emptied into a lake, swamp or strelftore clouds are formed through the
disappearance of water from streams and rivergtiieg with transpiration from trees and other
vegetation, thus causing more rain to fall, andseguently the cycle go on.

Proposed Water Cycle Algorithm

WCA starts with initial population, which can bengpared to the raindrops. Primarily, we start
with the postulation that rain or precipitationagailable. A sea is selected as the best individual
(best raindrop). A number of value raindrops atected to symbolize a river while the remainder
of the raindrops are represented streams flowitg time sea and the rivers. Each river takes in
water from the streams according to the force eirtow. Actually, the quantity of water entering

a river and sea differs from one stream to anotheaddition, the flow of the rivers into the sesa i
as it at the lowest location.

Generate theinitial population

When population-based meta-heuristic methods ayagad to resolve an optimization problem, the
problem variables values must be prearranged im faf an array. This array is named
“Chromosome” and “Particle location” in Genetic Alghm and Particle Swarm Optimization
terminologies, respectively. Hence, in the proposetthod, the array for a single solution is
appropriately called a “raindrop”. A raindrop is aray of 1x W, In a N, dimensional
optimization problem, and then this array can dendd as:

Raindrop = [XL,X:,XE,..,Xn] (17)
The raindrop cost could be determined by calculgiie function of cost (C) as:
c; = cost; = _IF{X,"'_,X{:, ..,X_'{E_ﬂ}:' =12... . Npgy

(18)
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Wherew,,, and N, are represented the number of raindrops (initighutetion) and design
variables. Firsty, ., raindrops are created. A numberipfare chosen as the sea and rivers from
the best individuals (minimum values). The raindvath the least value among the rest is taken as
a sea. Actuallyy., represents the total Number of Rivers (user patemntr a single sea as shown
in Eq. (18). The remainder of the population (raops that compose the streams that flow down
directly into the sea or into the rivers) is deterd by wusing Eq. (19).

Ny = number os rivers +1 (18)

Nr‘cir!dr’n;ls = Nr.lnr.l — Ngv (19)
The following equation is used to assign raindrmps the sea or the rivers concerning about the
strength of the flow:

COSty _
Th‘"f;_gr-| * Nrcin drops },'n - LEJ"JNsr (20)
L

Si=1

N5, = round I

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

Xéﬁ'ecm = X;rrecm +rand Xc = {X:I-e:'iuer - Xérrecm} (21)

Xé'ter' = Xll-s‘:'iuer +rand X ¢ {Xéec _X;‘-I'-;Euer}

(22)

Where C is represented a value between 1 and 2
(Nearer to 2), the best selected value for C iss2akd stands for a uniformly distributed random
number between 0 and 1, If the solution which igegiby a stream is better than its connecting
river then the positions of the stream and therroa be exchanged (i.e. the stream becomes the
river and vice versa). Similarly, like this exchangay also occur in the position of the sea and the
rivers.

Evaporation is a process whergadrepresents small number (closer to zero). If tistadce
between the sea and the river is less thar d signifies that the river arrived at or linkedth the

sea. The evaporation process is taken into coradiderin this situation and as can be observed in
nature, after ample evaporation has taken placeillibegin to rain or precipitation will occur. A
large ¢hax Value will lower the search but a small value wficourage an intensification of the
search close to the sea. As such, the intensityeafearch close to the sea (the optimum soluison)
controlled by the gax. The value of the gy adapts accordingly and decreases as:

dimae = OGmay — — (23)

max itsration

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

xrew » =LB +rand x (Ub —LE) (24)
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Where UB and LB is the upper and lower bounds sy as identified from the given problem.
Eq. (25) is only used for those streams which fliivectly into the sea in order to improve the
computational performance of the algorithm andcin@vergence rate of the controlled problems.
The objective of this equation is to foster theatian of the streams that flow straight into tha se
order to increase the search near the sea (thenwptisolution) of the feasible area for the
controlled problems.

Xglr?;cm = Xsec + ‘w"'.g ® T‘C&ﬂ.dm{l, Nucr:] (25)

Whereyu is a coefficient that indicates the range of tharsh area close to the sea and randn is the
normally distributed random number. While the largalue foru raises the possibility of exiting in
the feasible area, the smaller value fateers the algorithm to search in a narrow aresedo the
sea. The suitable value to set fas 0.1. From a mathematical perspective, the stahdeviation is
represented by the terix in Eq. (25) and thus, the concept of variancewoadingly defined as I.

By employing these concepts, the individuals thatgenerated with varianpeare dispersed
approximate to the best optimum point which is {8&a) that has been obtained.

WCA algorithm for solving ORPD problem

» Step 1: select the WCA preliminary parameters:

J.hirsr.l d max: ‘h"r?' ope s rgjcaﬁ'cﬂi" I

» Step 2: generate the random preliminary populaiwhform the sea, rivers and preliminary
streams (raindrops) by using Equations (18) anil (19

» Step 3: calculate the worth (cost) of each raindrppsing Eq. (17).

» Step 4: find out the concentration of the flow floe sea and rivers by using Eq. (20).

» Step 5: find the flow of the streams into the r&vby using Eq. (21).

» Step 6: find the flow of the rivers into the seae(most downwards position) by using Eq.
(22).

» Step 7: exchange the point of the stream withithes m order to obtain the best solution,.

» Step 8: similar to Step 7, whether the river coiuddl an improved solution than the sea,
exchanging the position of the sea with that ofrther.

» Step 9: examine about the conditions of the evdiporare satisfied.

» Step 10: check the conditions of the evaporation satisfied and the rain process will
occur by using Equations (24) and (25).

» Step 11: tumbling the value of 4, which is measured a defined user parameter mgusi
Eq. (23).

* Step 12: analysis about the criteria of convergendethe stopping criteria is met, the
algorithm will stop or else it will go again to $té.

RESULT AND DISCUSSION

WCA algorithm has been tested on standard IEEEU3)-#1 branch system. It has a total of 13
control variables as follows: 6 generator-bus \gdtanagnitudes, 4 transformer-tap settings, and 2
bus shunt reactive compensators. Bus 1 is the blagk2, 5, 8, 11 and 13 are taken as PV generator
buses and the rest are PQ load buses. The caltsktearity constraints are the voltage magnitudes
of all buses, the reactive power limits of the ghyAR compensators and the transformers tap
settings limits. The variables limits are listedaible 1.
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The transformer taps and the reactive power sanstallation are discrete with the changes step of
0.01. The power limits generators buses are repted in Table2. Generators buses are: PV buses
2,5,8,11,13 and slack bus is 1.the others are P@shu

Table 1: Initial Variables Limits (PU)

Control Min. Max. Type
variables
value value
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 Limitsin MW and MVAR

Bus n° Pg Pgmin Pgmax ngin

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 L oss

Control WCA
Variables
(p.u)
Vi 1.0301
V2 1.0303
V5 1.0185
V8 1.0209
Vil 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 diemtevariables within their limits.

Table 4 summarizes the results of the optimal smiutbtained by PSO, SGA and WCA methods.
It reveals the decrease of real power loss afiemization

Table4: 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 implated to solve ORPD problem. The main
reward of the WCA to the ORPD problem are optimarabf dissimilar type of objective function -
real coded of both continuous, discrete controialdes and easily handling nonlinear constraints.
The projected algorithm has been tested on the IBERuUs system. The results are compared with
the other heuristic methods such as SGA and PS@ithlgn reported in the literature and WCA
demonstrated its effectiveness and robustnesdvimgadhe reactive power dispatch problem.
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