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Abstract

The availability of an adequate amount of eledi@nd its utilization is essential for the growahd
development of the country. The demand for elealtrenergy has outstripped the availability causing
widespread shortages in different areas. The bligtan network is a crucial network, which delivers
electrical energy directly to the doorsteps of #wnsumer. In India the distribution networks are
contributing to a loss of 15% against total systess of 21%. Hence, optimal capacitor placement in
electrical distribution networks has always beea toncern of electric power utilities. As Distrilmurt
Systems are growing large and being stretched @anddading to higher system losses and poor weltag
regulation, the need for an efficient and effectiNgribution system has therefore become morentirgred
important. In this regard, Capacitor banks are ddde Radial Distribution system for Power Factor
Correction, Loss Reduction and Voltage profile immment. As Distribution Systems are growing large
and being stretched too far, leading to higheresystosses and poor voltage regulation, the neearfor
efficient and effective distribution system hasréfere become more urgent and important. In thigue,
Capacitor banks are added on Radial Distributictesy for Power Factor Correction, Loss Reductiah an
\oltage profile improvement. Therefore it is import to find optimal location and sizes of capasitor
required to minimize feeder losses. Reactive paeenpensation plays an important role in the plagih

an electrical system. Reactive power compensati@ys@n important role in the planning of an eleetr
system. Capacitor placement & sizing are done bgslL®ensitivity Factors and Plant Growth Simulation
Algorithm respectively. Loss Sensitivity Factordeofthe important information about the sequence of
potential nodes for capacitor placement. Theseofacare determined using single base case load flow
study. Plant Growth Simulation Algorithm is well @igd and found to be very effective in Radial
Distribution Systems. The proposed method is teste@3 and 34 bus distribution systems. The ohbjecti
of reducing the losses and improvement in voltag#ilp has been successfully achieved. The main
advantage of the proposed approach in relatiorréwiqusly published random algorithms is that ieslo
not require any external parameters such as bdaiors, crossover rate, mutation rate, etc. These
parameters are hard to be effectively determineddwvance and affect the searching performanceeof th
algorithm new approach based on a plant growth lsitioa algorithm (PGSA) is presented for reactive
power optimization. PGSA is a random search algoritinspired by the growth process of plant
phototropism. The objective function for optimizatiis to minimize the system active power loss

Keywords: Distribution systems, Loss Sensitivity Factorsp&ator placement, Plant growth simulation
algorithm.

1. Introduction
Distribution systems are the networks that transpioe electric energy from bulk substation to many
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services or loads, thus causes more power and\elomges. Hence there is a need to reduce thensyste
losses. By minimizing the power losses, the systeay acquire longer life span and has greater iiétiab
Loss minimization in distribution systems has assdimreater significance recently since the tremgitds
distribution automation will require the most eifiot operating scenario for economic viability. Bas
have indicated that as much as 13% of total poweerated is consumetRl as losses at the distribution
level. Reactive currents account for a portiontedse losses. However, the losses produced by veacti
currents can be reduced by the installation of slwapacitors. Effective capacitor installation aeo
release additional KVA capacity from distributiopparatus and improve the system voltage profile.
Reactive power compensation plays an important moléhe planning of an electrical systerAs
Distribution Systems are growing large and beingtshed too far, leading to higher system lossek an
poor voltage regulation, the need for an efficiand effective distribution system has thereforeobez
more urgent and important. In this regard, Capaditinks are added on Radial Distribution system for
Power Factor Correction, Loss Reduction and Voltageile improvement. Therefore it is important to
find optimal location and sizes of capacitors reggito minimize feeder losses.

2. Problem Formulation

The capacitor placement problem is the determinaticthe location, number, type and sizes of cdpeci

to be placed on a radial distribution system inoptimal manner. The objective is to reduce the gner
losses and peak power losses on the system wihilagtto minimize the cost of capacitors in thestgyn.
The optimum location for the capacitors is detemdisuch that it minimizes the power losses andaesiu
the overall cost of the distribution system undadg. The capacitor-allocation problem has beewezbby
Plant Growth Simulation algorithm and tests areedon standard 33 bus and 34-bus system. The problem
is formulated as a constrained optimization problémthis constrained problem the constraint is the
voltage limit i.e. if the voltage magnitude excesgscified limit it increases the power loss fuoigtiSince

the addition of capacitor at any bus in the distiiitn system results in voltage magnitude increase,
therefore it becomes imperative to model voltaggmtade as a constraint in the mathematical equatio
which is to be optimized. Here line flow limits ateken care by the dedicated distribution load flow
program that calculates the losses.

The cost function (Savings function), that is miided as a consequence of power loss reduction, is
formulated as:

CUSf = KpAPa’aHT = Z K:Ci

=1

Where

Kp is cost per Kilowatt-hour (Rs/kWh).

AP is the total power loss reduction in the systerd\v.
Kc cost per Kvar (Rs/Kvar).

Ci is the value of shunt capacitor at the ith bukvar.
T is the time in Hrs.

The first term in cost function indiea savings due to power loss reduction i.e. Rséed and
second term stands for total capacitor cost. Optirsapacitor allocation reduces the losses buteasdime
time capacitor cost increases drastically as thmbmau of capacitors are increased. But since isssiimed
that capacitor cost is one time investment the aelylperiod can be easily calculated.
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3. Sensitivity Analysis and Loss Sensitivity Factar

A Sensitivity Analysis is used to determine thedidate nodes for the placement of capacitors ulsoss
Sensitivity Factors. The estimation of these caatdichodes basically helps in reduction of the $espace

for the optimization procedur@he sensitivity analysis is a systematic procedarselect those locations
which have maximum impact on the system real pdesses, with respect to the nodal reactive power.
Loss Sensitivity Factors can be obtained as

a'pa‘infinss — (2 " Qt’_ﬁ" [q] *® R[k]}
Q.5 (VIg1)®
Where

Qeff [q] = Total effective reactive power supplieeyond the node ‘q’.
Plineloss=Active Power loss of the kth line.

R[K] =Resistance of the kth line.

V[q] =Voltage at node’q’.

0PlossbQ = Loss Sensitivity Factor.

Sensitivity factors decide the sequeirtevhich buses are to be considered for compensatio
placement. The node with the highest sensitivitgdais the first to be compensated with capacitor.

4. Solution Methodologies

P(2)+j*Q(2) @) QEB)  PA)*

Fig 1. Radial main feeder

V(1) | I(1) V)| L}

2

| R(1) X (1)
P (2)4*Q(2)

Fig 2.Electrical equivalent of fig 1

Consider a distribution system consisting of aahdiain feeder only. The one line diagram of such a
feeder comprising n nodes and n-1 branches is shWwig. 2. From Fig.2 and 3, the following equaso
can be written

VCDILS(L) - [V(2)|LS(2)
I(1) =
(1) (R()+X(1) @

P(2)-1"Q(2) =V*(2)I(D) )
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From egns. 1 and 2 we have

IVEIFPRRD+QR)X(1)-0.5 V(). (R()+X*(1))(F2+F (@)}
-(P(2R(1)+Q(2)X(1)-0/81) )] (3)
Egn. 3 can be written in generalized form
V(D) =HPH+DRO+QU+DX()-0.5IV())? . (RA)+X*M)(PH(i+1)+Q(+1))}
-(P(i+1)R()+Q(i+1)X(i)-0. 5|vxjf-)] (4)

Egn. 4 is a recursive relation of voltage magnitusiece the substation voltage magnitude |[V(1)] is
known, it is possible to find out voltage magnitwafeall other nodes. From Fig. 2.2 the total read a
reactive power load fed through node 2 are given by

P(2) == ,.PL[Lj+ TrEILLP(D) (5)
Q (2) Xz, QL(D)+ X1 LQ(d)

It is clear that total load fed through node 2lIftpdus the load of all other nodes plus the lossesll
branches except branch 1.

LP(1)=(RA P2+ )]D/I(IV(2)F) (6)
LQ (1) =(X (1)*[F* (2) +Q )/ (IV (2) f)

Egn. 5 can be written in generalized form
nb 1 !

p (i+1) =2i=2 PLAOL T2 LP(D) foriz1, 2. b1 @)
nb 1 !

Q (i+1) = Zi=2 QL(D, T2 LQ() tori=1 2. nba1

Egn. 6 can also be written in generalized form

LP (i) =(R ()*[F* (i+1) +Q (+1)])/ (IV (i+1) ) (8)
LQ (1) =(X ()*[P? (i+1) +Q (+1)])/ (IV (i+1) f)

Initially, if LP (i+1) and LQ (i+1) are set to zefor all I, then the initial estimates of P (i+1)da
Q (i+1) will be

p(i+1) =222 PL(D  fori=1, 2. NB-1 9)

nb !
Q (i+1) =222 QLD tori=1, 2... NB-1
Egn. 9 is a very good initial estimate for obtagthe load flow solution of the proposed method.

The convergence criteria of this method is thathd difference of real and reactive power losses in
successive iterations in each branch is less thaattland 1 var, respectively, the solution hasveoged

5. Plant Growth Simulation Algorithm

The plant growth simulation algorithm characterizee growth mechanism of plant phototropism, is a
bionic random algorithm. It looks at the feasil#gion of integer programming as the growth envirenin

of a plant and determines the probabilities to geomew branch on different nodes of a plant acogrtt

the change of the objective function, and then rmagke model, which simulates the growth process the
growth process of a plant, rapidly grow towardsliet source i.e; global optimum solution.
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5.1Growth Laws of a Plant

a) In the growth process of a plant, the higher thepiactin concentration of a node, the greater the
probability to grow a new branch on the node.

b) The morphactin concentration of any node on a pkamtot given beforehand and is not fixed. It is
determined by the environmental information of @eaepends on its relative position on the plahe T
morphactin concentrations of all nodes of a plaet @lowed again according to the new environment
information after it grows a new branch

5.2Probability Modd of Plant Growth

Probability model is established by simulating gnewth process of a plant phototropism. In the nhoale
functiong(Y) is introduced for describing the environment & titodeY on a plant. The smaller the value
of g(), the better the environment of the no@léor growing a new branch. The main outline of thedel

is as follows: A plant grows a trunk M, from itsotdB, . Assuming there are k nodeg:BBuz ,Busz, - --Buk
that have better environment than the rogto the trunk M , which means the function g(Y)tteé nodes
and satisfy g(®&) < 9(B) then morphactin concentrations;(Cwpy,....Cux Of nodesBy;, Bu:
,Buma,....Byk are calculated using

Cui= (9(Bo)- 9(Bu))/As (i=1,2,3,...K) (5.1)
WhereAl=2"_,(g(Bo) — g(BMi))

Random number B

~N

Cm Cm CMJ’(
— e — - .- . w e . —
'D!'D 0!2 0!4 0!6 O!B 1 !0

Fig 3: morphactin concentration state space

The significance of (1) is that the morphactioncentration of a node is not dependent on its
environmental information but also depends on tinrenmental information of the other nodes in the
plant, which really describes the relationship hesa the morphactin concentration and the envirohmen
From (1), we can derivafg Cy;=1, of the nodes form a state space shown in Fig.Sklecting a random
numberf in the interval [0, 1] and will drop into one Gfy1, Gz, -...CGuk in Fig. 2, then the corresponding
node that is called the preferential growth nodketake priority of growing a new branch in the hekep.

In other words, Br will take priority of growing a new branch if tiselectedB satisfies 0< < 2L, Gy
(T=1) or XI5} Cyy; <B< Li_y Cyy; (T=2, 3,4,5...K) .For example, if random numiedrops into G ,
which meanssl_, Cyy; < B< Zi=y Cyy; then the node B will grow a new branch m . Assuming there are
g nodes, which have better environment than theé B on the branch m, and their corresponding
morphactin concentrations arg,CCmz2,.G,,. Now, not only the morphactin concentrations & trodes
on branch m, need to be calculated, but also thepmactin concentrations of the nodes except @he
morphactin concentration of the node becomes zftev & growing the branch ) on trunk need to be
recalculated after growing the branch . The catmacan be done using (4.2), which is gained f{dii)

by adding the related terms of the nodes on brameind abandoning the related terms of the rige

Cui= (9(Bo)- 9(Bwi))/ (At A7) - (i=1,2,3,...K)

Cuwi= (9(Bo)- 9(Bw))/(Art+ A2)  (=1,2,3....0) (4.2)

WhereA1=3%_, (g(Bo) — g(By;))

WhereA2=}7_, (2(Bo) — g(By;))

We can aIsonerivatE;f“zi Cyy: (i # 2)+ X7, Cyy; =1 from(10). Now, the morphactin concentrations of
the nodes (excefy,) on trunk M and branch m will form a new statecpa
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A new preferential growth node, on which a new brawill grow in the next step, can be gained in a
similar way aBy;,.

Such process is repeated until there is no newchremgrow, and then a plant is formed.

From the viewpoint of optimal mathematics, the reoda a plant can express the possible solutiorng; g(
can express the objective function; the lengthhefttunk and the branch can express the searchidafa
possible solutions; the root of a plant can exprbss initial solution. The preferential growth node
corresponds to the basic point of the next seagcpiocess. In this way, the growth process of plant
phototropism can be applied to solve the probleimteiger programming.

5.3 Algorithm for Capacitor Placement

1. Read System Data

2. Let assume some range of capacitor ratings i.e, kake it as initial solution xo, which
corresponds to the root of the plant

3. Run load flow for radial distribution system andccgate the initial objective function(power loss)
f(Xo)

4. Identify the candidate buses for placement of ciédpacusing Loss Sensitivity Factors.

5. Let X" be initial preferential growth node of a plantdathe initial value of optimization &
equal to X.

6. Let iteration count N=1,;

7. Search for new feasible solutions: place kvaseatsitive nodes in a sequence starting from st
XP=[X P X0 XP Xo°].

XPcorrespondyg the jnitial kvar.
8.For the found every possible solutiof, Xarry out the check of node voltage constraimis branch
power. Abandon the possible solutiohiKit does not satisfy the constraints, otherwiateulate powerloss
i.e; objetive function f(X) and compare with f(§. Save the feasible solutions if f{Xess than f(});if no
single feasible solution does not satisfy™(X f(X,) go to step1l
9.Calculate the probabilities; 3G, .... G of feasible solutions XX5,.... Xk, by using
Cyyy = L2 (=1, 2......, K)
A=35, (OBL)9 By
which corresponds to determining the morphactirceatration of the nodes of a plant.
10.Calculate the accumulating probabiliti®sC;, > C,,.... YC¢ of the solutions XXo,....X. select a
random numbegfrom the interval [0 1] must belong to one of the intervals JIC;], 3.Cy, > Cj,
.....(0.Cx1, Y. G, the accumulating probability of which is equalthe upper limit of the corresponding
interval,will be the new basic point for the nebdration ,which corresponds to the new preferegtiaivth
node of a plant for next step, and go to step6. iak is the stopping criteria, where Nmax is a given
allowable consecutive iteration number, the chaméeNmax depends on the size and difficulty of the
problem. If stopping criteria is satisfied go toxhstep, otherwise increase iteration count N aoday
step6.
11.Save the new feasible solution, which correspdimas solution;
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6. Simulation Results

The proposed method is tested on standard 33 IstsnsyFigure 3 shows the single line diagram o8a 3
bus distribution system

6.1 Results of Sandard 33 bus Distribution System:

23 24 25

0 0405 06 07 0

19 20 21 22

Fig.4.standard 33 bus system

Before Compensation After Compensation
Loss (kilowatts) 202.66 1354
Minimum Voltage(P.U) 0.9131 0.9443
kvar 0 1870

Table.1 Power loss before and after compensatioBFdus system

Table.2 Voltage profile of 33-node radial distrilomt system
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Node No | Voltage Before Compensati | Voltage After Compensation using PG
1 1.000( 1.000(
2 0.997( 0.997¢
3 0.982¢ 0.986¢
4 0.975¢ 0.981"
5 0.968: 0.976¢
6 0.949; 0.967:
7 0.946: 0.967:
8 0.941: 0.963¢
9 0.935! 0.960¢
10 0.929: 0.957¢
11 0.928¢ 0.956¢
12 0.926¢ 0.955¢
13 0.920¢ 0.951(
14 0.918¢ 0.949¢
15 0.917: 0.948:
16 0.9157 0.946¢
17 0.913% 0.944¢
18 0.913: 0.944«
19 0.996¢ 0.997:
20 0.992¢ 0.993¢
21 0.992: 0.992¢
22 0.991¢ 0.992:
23 0.979¢ 0.983:
24 0.972% 0.976¢
25 0.969¢ 0.973:
26 0.947" 0.966:
27 0.945: 0.964¢
28 0.933" 0.958"
29 0.925¢ 0.953¢
30 0.922( 0.951:
31 0.917¢ 0.949¢
32 0.916¢ 0.948¢
33 0.916¢ 0.948"

6.2 Results of Sandard 34 bus Distribution System;

The proposed method is tested on standard 34 IstensyFigure shows the single line diagram of &:!
distribution system
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16 17 IE 18 20 21 22 23 M 25 24§

Fig.5.standard 34 bus system

Table.3 Power loss before and after compensatioB4dus system

Before Compensation After
Compensation
Loss (kilowatts) 221.67 168.7
Minimum Voltage(P.U) 0.9416 0.9497
kvar 0 1940
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Node Nt | Voltage Before Compensati | Voltage After Compensation using PG
1 1.000( 1.0000
2 0.9941 0.9949
3 0.9890 0.9906
4 0.9821 0.9844
5 0.9761 0.979:
6 0.9704 0.974:
7 0.9666 0.9704
8 0.9645 0.9683
9 0.9620 0.9658
10 0.9608 0.9647
11 0.9604 0.9642
12 0.960: 0.964:
13 0.9887 0.9902
14 0.9884 0.9899
15 0.9883 0.9898
16 0.9883 0.9898
17 0.9660 0.9706
18 0.9622 0.967"
19 0.9582 0.9644
20 0.9549 0.961¢
21 0.9520 0.959:¢
22 0.9487 0.956¢
23 0.9460 0.954(
24 0.943¢ 0.951¢
25 0.9423 0.9503
26 0.9418 0.9498
27 0.9417 0.9497
28 0.9663 0.9701
29 0.9660 0.9698
30 0.9659 0.9697(
31 0.9605 0.9643
32 0.9602 0.964(
33 0.9600 0.9638
34 0.959¢ 0.963¢

Table.4 Voltage profile of 34-node radial distrilomt system
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7. Conclusion

A Plant Growth Simulation Algorithm is a new andi@ént method for the optimization of power
distribution systems, where the objective is toimire the total real power loss. The simulationuhess
based on a 33-bus system and a 34-bus system taligcpd the best solutions that have been fountyusi
a number of approaches available in the techniteahture.

The advantages of PGSA over other approaches are:

1) The proposed approach handles the objectivetibtm@nd the constraints separately, avoiding the
trouble to determine the barrier factors.

2) It does not require any external parameters agalrossover rate and mutation rate in genetaritthgn;

Two algorithms are tested for 33 lnd 34 bus systems and observed that PGSA is fasien
and accurate compared to genetic algorithm. The A@8thod places capacitors at less number of
locations with optimum sizes and offers much saumigitial investment and regular maintenance.
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