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Abstract

This paper presents a new approach for findigacitor's location and it's sizing in a radialtritisition system (RDS)
optimally with an aim of reducing the active povass. In this paper, the problem of minimizing poveess is converted into a
Mixed Integer Non-Linear Program (MINLP) problemmdait will be solved by using Generalized Algebri&lodeling Systems
(GAMS) software with MINLP-SBB Solver. The propogiGAMS approach is tested on IEEE 10 bus RDS. Bygu§AMS,
the programming will be simple and more accuraselte can be achieved with less execution time. NIA§ LAB R2020b is
used to run the load flows program and analyzetesthe results are compared with the other ogtition techniques results.
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1. Introduction

The power consumption is increasing at the iflistion side day by day (Arya et al., 2019). Algds estimated that 13% of the
total generated power is lost &R loss in the distribution level (Devabalaji et &Q15). With the different types of loads present
in Radial Distribution System(RDS), there are vasi@roblems like uneven voltage profile, poor pofaetor, high power losses,
energy losses, poor system stability, power quadyes etc. affects the system. The injectionodttampere reactive’s (VARS)
into the distribution system will also affect thgseem but there are some advantages too. The €ap#citor banks are mostly
installed in the distribution lines to inject theARs there by the system voltage profile and powaetdr is enhanced. The main
problem is to identify capacitor’'s best locatiordgroper size. There are many ways of solving #pacitor placement and sizing
problem. Many methods and algorithms have beengsegbby many researchers to solve this problem.

In Srinivasas Rao et al. (2011), the best locatif capacitor can be found calculating the Lesssgivity factors at the buses and
Plant Growth Simulation Algorithm (PGSA) is empldy® calculate of capacitors size optimally at dipgimally selected buses.
In Devabalaji et al. (2015), optimal location ofpeaitor banks can be found by Loss Sensitivity ia€LSF) and Voltage
Stability Index (VSI) and Bacterial Foraging optiration algorithm (BFOA) is used to estimate theropt capacitor banks size.
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In Prakash et al. (2007), Capacitor Placement iedwy Loss Sensitivity Factors and its Sizing iseldy employing Particle
Swarm Optimization (PSO) technique. In Su et @9@), a Fuzzy reasoning is applied to optimallyatecthe capacitor in radial
distribution system and size of the capacitoroiss@ered continuous.

In this paper, optimal location and sizing opaeitor banks in a radial distribution system Ww# solved by using the General
Algebraic Modeling System (GAMS) Software. The nbcapacitors to be placed can be varied, the m@gponethod will locate
the optimal locations and suggest the optimal azerdingly. The problem is written in Mixed Intedéonlinear Programming
(MINLP) form, and it is coded in the GAMS progranmgi language. With the obtained location and sitles, values are
substituted in Load flow program and are run in MAB R2020b. The various parameters such as Voltaoéle, Voltage
Profile Index (VPI), etc. are calculated and theults are compared with the results of other ogttnon techniques.

2. Problem Formulation

2.1 Objective:The main aim of this paper is to minimize the atpower loss in the givenRDS by positioning andngiof
thecapacitor using GAMS.

The objectives of this paper are to:
1. Calculate the total active power loss (KW) and mize them.
2. Find the Capacitors best location and their sizetfe desired no of capacitors.
3. Calculate the % Loss Reduction.
4. Calculate the Loss Saving (KW).
5. Calculate the Annual Energy Saving (KWh).

2.20bjective Functiomhe Objective function is the total active powesdoThe total active powerloss function is givenby:
minimize f= Pr,Losgor) Pr.LosgV (i); o(i); Qc(i)) 1)

From the above (1), therlPosds a function with the dependent variables \&()) andc(i). Where, V(i) is the Voltage atthebus i,
(i) is the power angle at the bus i angiYJs the reactive power compensated at bus i.

2.3 Mathematical Model$he Mathematical Model will give a clear idea oé thiven distribution networkstatus. The Model canbe
described by set of equations and which reflecesytstemcharacteristics. The equations requireddéscribing the system
areasfollows:

Transmission line mod&lonsider a transmission line between the two bhselj as shown in Figure 1 (Saadat H., 2010).

Let I;be the line current between the nodes

I Vi I ¥ij Vi T

lio\L—
L 4

Figure. 1. Transmission line model for calculating the poless.
andj and the complex power flows from bt j is
S=Vil* (2
and from bug toi is
S=Vily* 3
The total power loss in i-j is equal to the sunpotver flows obtained from (2) and(3), i.e.,
Sij=§+S (4)

The total active power loss can be given by
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Pros= Real partz:i Zj S(L )J SV (5)

The Equation (5) is the main equation for calcafatihe power loss, which is simplified (Srinivagaao et al., 2011; Mohsin,
2016) and written in the GAMS program.

Capacitor: The shunt capacitors will inject the vars into flystem. The shunt capacitors can be a fixed ochalitte or both. The
active power compensated at each bus is withirrdhge of [Q..Qc]. The capacitors sizes are discrete with in tlaedard
range.

The reactive power compensated at ibisdimited to (Srinivasas Rao et al., 2011):
. n .
Q)= Q) ()
The total reactive power compensated in the givendystem is limited to:
n 0 n -
2. Q) <D Q(0) @)
i=1 i=1

2.4 Power Balance Equationshe power balance equations, which characterizpdheer flow throughout the power system is
given below (Stevenson et al., 1994; Kothari et2003):

R(0) =R = L IV; IV, IIY; [cos@, +4 +3) =0 ®)
Qy (1) —Q.(1) —Qy (i) +ZIVi IV; 1Y |sin@; +6,+3)=0 (9)
,i=1,2.......,N )
where

[Vi| is the voltage magnitude at bus i,

[Y;] is magnitude of the admittance between bused j,an
d; is angle of the admittance between buses i and j,
P4(i) is the active load power in bus i,

Qq(i) is the reactive load power in bus i,

Qc(i) is the reactive power compensated at bus i,

Py(i) is the active power generated at bus i,

Qq(i) is the reactive power generated at bus i and

N is equal to total no. of buses in the given gyste

2.5 Operational Constraints:

Voltage and Stability limitsThe voltage magnitude at each bus should be képt range of:

Vinin SIV; I Vi (10)
The stability angled) at each bus should be kept in the range of:

nin =6, £ Ora (11)

Capacity & No. Of Capacitor banks Constraintde Capacitor Constraint of the capacity can beesged as:
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Qcmin(i) * UC(I) = Qcmin (I) = Qcmax(i) * UC(I) (12)

No. of Capacitors banks constraint is formulated as

N
D Uc(i)sN (13)
i=1

Where,U (i) is a binary variable i.e.
1, if capacitor at busplaced
U.() < (14)
0, otherwise
2.6 Parameters Calculations
Voltage Profile Index (VPi)For a better operation of a power system netwitidre should be a better voltage profile, for that

voltage profile index should be minimum (Arya et 2019). In other words, if the VPI at each busedarer to zero, then the
capacitor is said to be placed in the best locadimhthe system is running in safe mode. The VBUati is calculated by:

VRI() :[vref —V(i)]

ref
Where, V.is the reference voltage akdi) is the Voltage at thigbus.

(15)

Loss Saving (KW):Loss Saving (KW) is calculated as:
Loss Saving = {Power Loss due to Uncompensate@)Ga®ower Loss due to placement of Capacitor} )(16

%Loss reduction: % Loss reduction = (Loss savirgA@r loss due to uncompensated case))*100 a7
Total Annual Energy Saving (kWh)(Arya et al., 20:19)

n
Total Annual Energy Savingz(Losssaving *8760 (18)
i=1
n = No. of Months

3. Problem Simulation
In this section, an introduction to GAMS softeand the steps involved during problem simulaisogiscussed.

3.1General Algebraic Modeling System (GAMShe General Algebraic Modeling System (GAMS) is adeling tool for

mathematical programming and optimization purp@3&NS Documentation Center, 2021; Brooke et al.,8 %oroudi, 2017).
The structure of GAMS is shown in Figure 2. Theguean is written in input file with a proper solvand the program is
compiled, the output can be seen in listing file.

/ GAMS Structure \

GAMS
Compilation
of Model

Output File :
RESULTS
(filename.lst)

Input File :
MODEL
(filename.gms)

Optimization
Solver

N /

Figure2. GAMS Structure.

Linear programming (LP), mixed integer programm{NMjP), nonlinear programming (NLP), quadratic ceasted programming
(QCP), mixed integer non-linear programming (MINLBhd multi objective optimization problems canrhedeled in GAMS.
The main advantages of GAMS are Easy to implenfemtitable & Transferable and Adoptable to new texddnipdates because
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of inclusion of new algorithms. In this paper, ffiv@blem is written in a mixed integer nonlineargnamming (MINLP) form and
an MINLP solver named SBB (GAMS Documentation Cer2821; Brooke et al., 1998) is used.

3.2 Procedural Steps:

Uncompensated Caddncompensated Case (or) Base Case means thewtistnisystem without any capacitors installed. The
steps involved in this case are:

1. Load the Line & Bus Data of the given distributieystem.

2. Run Load flow program in MATLAB.

3. Calculate total active power loss (KW) in the givdistribution system.
Compensated Cagen contrary the Compensated Case refers to thabdisbn system with capacitors installed, no. apacitors
is to be decided based on various factors. The afiocapacitors to be placed can be affected by thwtalling and
maintenancecosts. The steps involved in findirgdptimal location and size of the capacitor inghen RDS using the GAMS
approach areas follows:

1. Declare Sets, Parameters, Tables, Variables, ScatarBinary Variable etc. in theGAMS.

2. Write the Equations, which are mentioned in Secfipim GAMS programming (Soroudi, 2017; Oscar Dahilontoya et
al., 2020) correctly.
Run the GAMS program.
Obtain the optimal location and sizes of capacitfansrequired no. of capacitor.
With the Obtained capacitor location and size,tbieen in Load flow program inMATLAB as the2:ion
Calculate the total active power loss (KW), thegpaeters mentioned in section2.6 and compare théimtheé results of
uncompensated case and other techniques.

ogksw

4 Case Study

4.1 Test Case: IEEE 10 Bus Systdm:I[EEE 10 Bus, radial distribution system (RDS}ifvasas Rao R., Narasimham
S.V.L., Ramalingaraju M., 2011; Baghzouz Y., 19803onsidered as a testcase in this paper aodétsline diagram
is show in Figure 3.

1 2 3 4 5 6

SRR RRnhhn

End

~
G
<
=

Figure3.0ne-line diagram of IEEE 10 bus RDS.

Table 1.The Line data and Load data of IEEE 10 bus RDS\{{&$as Rao et al., 2011).

Line | From | to R i Xi. i1 P Q

No. Busi Bus i+1 (Q) (Q) kW kVAR
1 1 2 0.1233 | 0.4127| 1840 460
2 2 3 0.0140 | 0.6057| 980 340
3 3 4 0.7463 | 1.2050| 1790 446
4 4 5 0.6984 | 0.6084| 1598 1840
5 5 6 1.9831 | 1.7276] 1610 600
6 6 7 0.9053 | 1.1640[ 780 110
7 7 8 2.0552 | 1.1640[ 1150 60
8 8 9 47953 | 2.7160| 980 130
9 9 10 5.3434 | 3.0264| 1640 200

The line data and load data for the above IEEEURORDS is given in theTablel (Srinivasas Rao ¢2all1). The proposed
GAMS based approach is tested on this IEEE 10 IS st case.

4.2 Result and Discussiotdsing GAMS programming the no. of capacitor barkbe placed can also be varied, Figure 4 shows
the plot between different no. of capacitors arelrésspective power loss. For the uncompensated ttes®tal active power loss
obtained is 783.766 kW. From Figure 4, it is obedrthat with the increase in no. of capacitor bangtallation the power loss is
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saturated to a low value while compare with thdiahiuncompensated value. As the no. of capaciemkb increases the
installation and maintenance cost correspondinfjalsb increases. So, the best possible no. ofcitapdanks which will obey
the demand of minimum loss and minimum costs aread)d 5. Among them the 4 capacitor banks is &t to consider. In this
paper, 4 no. of capacitors are to be placed opfimath optimal sizes using GAMS. Table 2 shows #heapacitor banks location
and size obtained by GAMS.

The compensated case in this paper has 4 capaeihks which are placed and sized optimally i HBEE 10 bus RDS by
GAMS. Voltage profile plot for uncompensated andnpensated case is as shown in Figure 5. It is wbddhat by placing the
capacitors by using GAMS the voltage profile atrebuas is enhanced while compared with voltage j@®bf the uncompensated
case. The Voltage Profile Index plot for the uncemgated and compensated case is as shown in Egiilee voltage profile
index(VPI) should be closer to zero, which will eresthe safe operation of the system(Arya et 81192. From Figure 6, it is
observed that the VPI at each bus is low for thepensated case and large for the uncompensated case

Power Loss (KW) Vs No. Of Capacitor Banks

860

Power Loss (KW)
—8— Power Loss

840

820 Uncompensate

(without capacitor)

800

(Kw)

K
~
@
o

X0
Y 783.766

~
=]
o

Power Loss

No. Of Capacitor Banks

Figure 4. Power Loss (KW) Vs No. Of Capacitor Banks.

Table 2.Location and Sizes for 4 no. of capacitor bankagi§AMS.

Location (At bus) | Size (KVAR)
3 4050

5 3443

6 1460

10 610

Voltage Profile Plot

— 081 b
3
= —— With Capacitor
8 —¥— Without Capacitor
=}
=06 B!
C
>
o)
=
[0)
F04r 1
=)
>

0.2 4

Sending End
0 . . . | . | . |
1 2 3 4 5 6 7 8 9 10

Bus Number

Figure5. Voltage ProfilePlot: with & without Capacitor fa0 bus system
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Table 3. Simulation Results of IEEE 10 Bus RDS, and congoeriof results with other methods.

Base Comparison of optimization techniques with the msgd GAMS method
Case
The Proposed Plant Fuzzy
Method using Growth PSO Reasoning
GAMS Simulation (Prakash et al. (Su et al.,
(Srinivas Rao et al., 2007) 1996)
2011)
Location - At KVAR At KVAR | At KVAR | At KVAR
& Bus Bus Bus Bus
Size 3 4050 6 1200 6 1174 4 1050
5 3443 5 1200 5 1182 5 1050
6 1460 9 200 9 264 6 1950
10 610 10 407 10 566 10 900
Power Loss (kW) 783.77 680.33 694.93 696.21 704.883
%Loss reduction - 13.2 11.33 11.17 10.065
Loss Saving - 103.44 88.84 87.56 78.8870
(kW)
Annual energy - 906134.39 778238.40 767025.59 691050.12
saving (kwWh)
Table 4.Parameters and Values.
Parameter Value
N 10
\= 1.0 p.u.
Vi vmax] [0.91.1] p.u.
[0, o ] [-3.1416+3.1416]rads
[Qermin o ] [1504050]KVARSs

By using GAMS approach, the capacitors of size9043443, 1460 and 610 KVARsare placed at locat®rts, 6 and 10 buses
respectively. With uncompensated case in the alieiZE 10 bus RDS, the total active power loss is. 783 KW and it is reduced
to 680.33 KW after placing the 4 capacitors usifgM® approach. In Table 3the obtained results bypiteposed approach are
compared with PGSA(Srinivasas Rao R., NarasimhaflLS.Ramalingaraju M., 2011), PSO (Prakash K., 8ydM., 2007)and
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Fuzzy reasoning (Su C.T, Tsai C.C., 1996) reskitsm Table 3, it seems that by the proposed apprtfee total active power
loss is 680.33 KW, % Loss reduction is 13%, Lossrgnis 103.44 KW and the annual energy savinggd06134.39KWh and
these arebetter compared with the other methods.

5. Conclusion

As the capacitor in the distribution system syppactive power which will reduces the active pouoss and improves system
voltage profile, the appropriate placement and eragize of capacitors are needed. With the GAMSaah, the problem of
finding the optimal location and size become eagy simple. The results seem quite better compatte the results obtained by
other techniques. This proposed GAMS approach eaextended to large no. of bus system and alsoethrtype distribution
system.
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