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ABSTRACT

The loss minimization and voltage stability enhancement are the important objectives
in operating the transmission networks. In this paper, a method to evaluate the optimal
placement and restructuring of HT Shunt Capacitors in RRVPNL Power Grid for
minimization of transmission system losses and voltage profile improvement based on cost
benefit analysis and PR index is proposed. The costs considered are economic cost associated
with HT Shunt Capacitors. The PR index is the index of losses decrement which in the
proposed algorithm is the ratio of total losses in the system after capacitor placement to all of
losses before capacitor placement. The benefits from reactive power compensation are
defined as the reduced generation costs due to reduced losses and reduced total system costs.
The benefits are also achieved from the fact that power generation schedules can be changed
by increased transmission capability in the network which will allow for more generation
from cheap sources to be delivered to the load centers and more energy can be sold to the
customers which would increase the sales due to higher transmission capacity. The benefits
are considered in terms of cost for economic justification of investments in installation and
restructuring of reactive power sources. The method is based on power flow solution
iteratively using MATLAB to arrive at the optimal solution.

Keywords: Grid Sub-Station, HT Shunt Capacitor Bank, Loss Minimization, Optimal

Capacitor Placement, Reactive Power Support, RRVPNL Power Grid, Transmission System,
Voltage Stability.
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1. INTRODUCTION

In A.C. system the fluctuation of frequency can be studied independently of the
fluctuation in voltage. Variation in frequency is the result of imbalance between active power
demand and generation. The voltage fluctuation is, by and large, the result of imbalance between
reactive power demand and supply. The demand for reactive power arises at numerous points of
power system e.g. consumer’s inductive load, arc furnaces, steel rolling mills, fluorescent
lighting, inductance of transformers, transmission and distribution lines, no load magnetizing
current of transformers [1]. A transmission system is an interface between the generating stations
and distribution systems. In transmission system, the voltages at buses reduces when moved away
from the substation, also the losses are high. The reason for decrease in voltage and high losses is
the insufficient amount of reactive power, which can be provided by the shunt capacitors. But the
placement of the capacitor with appropriate size is always a challenge. Thus the optimal capacitor
placement problem is to determine the location and size of capacitors to be placed in transmission
networks in an efficient way to reduce the power losses and improve the voltage profile of the
system [2]. OmPrakash Mahela et al. [3] presented different techniques of capacitor placement in
transmission and distribution system to reduce line losses and voltage stability enhancement.

The I°R losses can be separated to active and reactive component of current branch,
where the losses produced by reactive current can be reduced by VAR compensation by the
installation of shunt capacitors [4]. VAR compensation is defined as the management of reactive
power to improve the performance of ac power systems. The concept of VAR compensation
embraces a wide and diverse field of both system and customer problems, especially related with
power quality issues, since most of power quality problems can be attenuated or solved with an
adequate control of reactive power. Reactive power compensation in transmission systems also
improves the stability of the ac system by increasing the maximum active power that can be
transmitted. It also helps to maintain a substantially flat voltage profile at all levels of power
transmission, improves HVDC (High Voltage Direct Current) conversion terminal performance,
increases transmission efficiency, controls steady-state and temporary over voltages, and can
avoid disastrous blackouts [5]-[6].

There are many ways for capacitor placement and determination of size of capacitors in
power systems. References [7]-[9] have considered capacitor placement in power networks using
Genetic Algorithm for optimization, [10]-[12] have considered Particle Swarm Optimization
technique, [13] has considered Plant Growth Optimization, [14] has considered the Game Theory,
[15]-[16] have considered Ant Colony Optimization, [17] has presented a MATLAB based
approach for optimal capacitor placement for loss reduction in radial distribution feeder and [18]
has considered Body Immune Algorithm for optimal Placement of Capacitors. The current
methods are useful and practical but the majority of them only considers some of the effective
parameters for this problem and mostly concentrated only on capacitor placement in distribution
networks.

The proposed study consider three different parameters viz. power reduction (PR) index,
voltage constraints and cost function for placement and sizing of capacitors in the RRVPNL
Power grid and design a restructuring model for capacitor placement. This paper is organized is
organized as follows: Section II describes the proposed system of RRVPNL power grid. Section
IIT presents optimal capacitor placement and sizing problem formulation. The proposed
methodology and simulation results with their discussion are presented in sections IV and V,
respectively.
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2. THE PROPOSED SYSTEM OF RRVPNL POWER GRID

The RRVPNL power-grid is the power transmission network of Rajasthan state of
India. Rajasthan is the largest state of India with total area 342,239 km? located in western
region. The RRVPNL power grid supplies the large agriculture loads. High power losses are
one of the serious problems in the transmission and distribution systems in Rajasthan, where
power system is compensated in terms of fixed HT shunt capacitor banks. The losses in the
transmission network of Rajasthan state of India was 4.86% in the year 2011-12 [19] and
researches show that about 13% of the power produced in the system wastes as ohmic losses
[20]. In India, collective of all states, in 2008 the technical and non technical losses are
accounted as 23% of the total input energy [21]. In transmission network of RRVPNL Power
Grid, the HT shunt capacitor banks of 38KV 7.2 MVAR or 33 KV, 5.43 MVAR consisting of
two sections connected in parallel controlled by different isolators are used [22]. In the
RRVPNL power grid the HT shunt capacitor banks are installed at the 220 KV GSS and 132
KV GSS on the 33KV voltage level based on the THUMB RULE: “One 38 KV 7.2 MVAR
or 33 KV 5.43 MVAR capacitor bank is proposed on 33KV voltage level for the 10/12.5
MVA capacity of the transformer in the RRVPNL transmission network”. The proposed
study considers that the HT shunt capacitors should not be allocated according to thumb rule
rather should be placed on the basis of reactive power requirement of the system which
ultimately depends on nature of load connected to the GSS. The 220 KV GSS Chomu and
four 132 KV GSS viz. Rampura Dabri, Govindgarh, Markhi, and Ajitgarh which receive
power from 220 KV GSS Chomu are considered in the study. The single line diagram of this
system is shown in Fig. 1.
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Fig. 1: Single-line diagram of proposed system
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3. OPTIMAL CAPACITOR PLACEMENT AND SIZING PROBLEM
FORMULATION

The objective of capacitor placement in the electric network is to minimize the losses
and improve voltage profile. The main objective function is to minimize the system active
power loss and improve the voltage profile and to restructure the capacitor placement in the
RRVPNL power grid to optimize the use of available capacitors in the system based on cost
benefit analysis. The load and capacitor model, objective function, constraints formulation,
power loss calculations and power loss reduction factor are described in this section [3].

3.1 LOAD AND CAPACITOR MODEL
The loads and capacitors are modeled as impedance. The impedance model of loads
and capacitors are given by Eq. (1) and Eq. (2):

ZLoadl- = RLoadi + leoadi €Yy
i=1,2,3...NL
Where NL = number of loads

Z10aa; = load impedance of i™ load
R} oqq, = load resistance of i" load
Xioaq; = load reactance of i"™ load
Zc, = —JXc, (2)
k=1,2,3... NC
Where  NC = number of capacitors
Z¢, = impedance of K™ capacitor
X¢, = reactance of k"™ capacitor

3.2 OBJECTIVE FUNCTION

The three-phase system is considered as balanced and loads are assumed as time
invariant. Mathematically, the objective function of the problem is minimizing the loss and
voltage deviation. This function is:

n
F o= WX P+ Wy x ) (1= (3)
i=1
Where W and W, are objective function coefficient for power loss and objective function
coefficient for voltage deviation. Pj,s Is total loss in transmission system. v; Is voltage
magnitude of i load.

3.3 CONSTRAINTS

The voltage magnitude at each bus must be maintained within its limits and is
expressed as:

VUmin < |Ui| < Umax (4)

Where |v;| is voltage magnitude of i bus.vy, i, is bus minimum voltage limit. vy,
is bus maximum voltage limit. The maximum and minimum voltages limits in the suggested
model used, as per voltage limits specified by the Indian Electricity Grid Code as given in
Table-1.
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Table.1: Maximum and Minimum Voltage Level as Per legc*

Voltage-(KV rms)

Nominal Maximum Minimum
765 800 728
400 420 380
220 245 198
132 145 122
110 121 99
66 72 60
33 36 30

*Source L-1/18/2010-CERC [23].

34 POWER LOSS CALCULATION
The complex power at the i bus is given by the relation

—JjQ:i =Vl (5)
Where
P; : Load active power
Q; : Load reactive power
V; : Voltage at i" bus
I; : Load current at i bus

The bus voltage and line losses can be calculated by the Gauss-Seidel iterative method employing
the following formula [24]:

1P —joO;
k+1
A ZYm (6)
ii
n$l

Where

I/;(k): Voltage of bus i at the k™ iteration
P; , Q; : Bus active and reactive power of bus 1
Yim= Yim for i#m
And Yy = Yim-1+YVims1 + Yo for i=m
The power loss in the line section between buses i and i+1, at power frequency can be computed
by:

2
Pross(ijiv1) = Ri,i+1[|Vi+1 -Vl |yi,i+1|] 7
Where
1

(Rijr1+Xiir1)
R; ;+1: Resistance of the line connecting bus i and i+1.
Xi i+1: Reactance of the line connecting bus i and i+1.
The total power loss is given by the relation:

Yii+1 = : Admittance of the line section between buses i and i+1.

mn
Pross = Z Ploss(i,i+1) ®
i=0
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4. PROPOSED METHODOLOGY

The solution procedure for solving the problem of optimal allocation and sizing of capacitor
with objective function of active power loss reduction and voltage profile improvement in electric
transmission lines of RRVPNL Power Grid based on cost benefit analysis is shown in Fig. 2. First we
solve the basic optimal power flow in the system using Gauss-Seidel Load Flow Method and define
the candidate places for capacitor placement depending to where the highest power flow is observed
in the system and then iteratively apply the HT Shunt capacitors one by one or several capacitors at
the same time to different candidate places and capacitors of different capacity with different
combinations. After finding the optimal solutions we compare capacity of HT shunt capacitors found
by optimal solutions and existing in the system. We compare the economic cost of investment
required for the shifting of HT capacitor banks and new installation as suggested by the optimal
solution with the benefits of optimal capacitor placement with restructuring of capacitors. The
benefits from reactive power compensation are defined as the reduced generation costs due to reduced
losses and reduced total system costs. The benefits are also achieved from the fact that power
generation schedules can be changed by increased transmission capability in the network which will
allow for more generation from cheap sources to be delivered to the load centers and more energy can
be sold to the customers which would increase the sale due to higher transmission capacity. For
comparison the benefits are calculated in terms of cost. If economic cost is less than the maximum
available benefits, then the solution is successful otherwise the solution is not successful.

Solve OPF without capacitors and
Calculate active power loss(P,) and
voltage profile

Solve OPF with existing capacitors and
Calculate active power loss(P,) and
voltage profile

!

Select candidate places for
reactive power supports
(set k=1)

Solve OPF with placed capacitors and
Calculate active power loss(P,) and
voltage profile

K=k+1

2

Estimate benefits and costs due to

reactive power supporits | Reject K |

Benefits = Costs

Fig. 2: Flow chart of proposed methodology
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In this study, we consider Power Reduction (PR) index for estimation of loss
reduction by optimal placement of capacitor banks. The PR index is the index of losses
decrement which in the proposed algorithm is the ratio of total losses in the system after
capacitor placement to all of losses before capacitor placement:

PR =

Prossnew
P, loss

Results obtained from the proposed algorithm will be as follows:

® PR < 1: Capacitor placement results in costs reduction.

¢ PR = 1: Capacitor placement does not have any effect on network.

e PR > 1: Capacitor placement results in costs increment.

For suggested model the PR index should be less than 1 as well as it should be less

than the existing value of PR index for the grid.

S. SIMULATION RESULTS AND DISCUSSION

In the proposed study, we model a part of the RRVPNL power grid with three voltage
levels of 33KV, 132KV and 220KV as shown in Fig. 1. The technical parameters of 132 KV
transmission lines used to transfer power from 220KV GSS Chomu to four 132 KV GSS
under study are given in Table. 2 [22]. The technical parameters of transformers installed at
GSS under study are given in Table. 3 [25]. The active power, reactive power and voltage of
HV and LV sides of transformer are also given in the Table. 3. The Load, Connected
capacitors, total installed capacity of capacitors, power factor and voltage on the candidate
buses at the time of study are shown in Table. 4.

Table.2:132 Kv Transmission Line Parameters

S. No. | Parameters of Transmission Line Value of
Parameters
1 Positive sequence reactance 1.30890E-3
4 H/Km
3.27225E-3
2 Zero Sequence Reactance H/Km
3 Positive sequence Resistance 0.15850 Q/Km
4 Zero Sequence Resistance 0.39625 Q/Km
.. . 9.13424E-9
5 Positive sequence Resistance F/Km
. 3.27225E-9
6 Zero Sequence Resistance F/Km
Line length from 220 KV GSS Chomu to 132 KV GSS Rampura Dabri
7 (S/C) 13 Km
Line length from 220 KV GSS Chomu to 132 KV GSS Govindgarh
8 (S/C) 13.2 Km
9 Line length from 220 KV GSS Chomu to 132 KV GSS Markhi (S/C) 24.5 Km
10 Line length from 132 KV GSS Markhi to 132 KV GSS Ajitgarh (S/C) 10.062 Km
11 Rated Voltage 132 KV
12 Surge Impedance Loading 50MW
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Table.3: Transformer Parameters

Transfor | Rated Voltage | Nomin | %Impedance | Voltageat | Activ | Reactiv
mers (KV) al at Normal the time of e e
Power | Tap Position | Study (KV) | Power | Power
HV LV | (MVA) HV | LV | MW) | (MVA
Side | Side Side | Side R
Tr-1 220 132 160 6.89/9.18/11. | 210 | 133 78 35.02
48
Tr-2 220 132 160 6.89/9.18/11. | 210 | 133 78 35.02
48
220 KV GSS Tr-3 132 33 40/50 12.59 133 34 13.08 | 11.55
Chomu 7
Tr-4 132 33 20/25 10.34 133 34 13.61 11.60
3
Tr-5 132 11 10/12.5 9.94 133 | 11.2 | 2.28 0.65
Tr-6 132 11 10/12.5 9.945 133 | 11.2 | 2.32 0.66
132 KV GSS Tr-1 132 33 20/25 10.33 132 34 13.32 | 4.836
Rampura Tr-2 132 33 20/25 10.18 132 34 13.40 | 4.838
Dabri
Tr-1 132 33 20/25 9.90 127 | 31.8 | 1430 | 5.403
9
132 KV GSS Tr-2 132 33 20/25 10.148 127 | 31.8 | 1449 | 5478
Govindgarh 9 6
Tr-3 132 33 20/25 9.32 127 | 31.8 | 14.81 | 5.597
9
132 KV GSS Tr-1 132 33 20/25 8.09/11.11 124 31 11.70 | 5.399
Markhi Tr-2 132 33 20/25 10 124 31 9.88 4.545
132 KV GSS Tr-1 132 33 20/25 9.80 130 | 33.5 | 10.28 5.23
Ajitgarh Tr-2 132 33 20/25 9.98 130 | 33.5 | 8.42 4.30
Table.4: Actual and Rated Parameters of Candidate Buses
Candidate Rated Actual Bus Total Total Connected Load Power
Bus No. Bus Voltage installed Capacitors (Amperes) Factor
Voltage (KV) Capacitors (MVAR)
(KV) (MVAR)
N1 33 34 15.751 8.036 453 0.930 Lag
N2 11 11.2 5.04 2.02 410 0.990 Lag
N3 33 34 16.290 8.145 506 0.950 Lag
N 4 33 31.89 16.290 10.86 819 0.950 Lag
N5 33 31 10.86 8.145 420 0.906 Lag
N6 33 33.5 10.86 5.43 374 0937 ¢
5.1 Iterative Simulations for Case-I

In this case, the power flow calculations on the considered grid have been conducted
without any capacitors present in the network. The active power loss, reactive power loss in
the system and voltage at all the candidate places are calculated using MATLAB simulation.
The active and reactive power losses are shown in Table. 6. The voltages of all candidate
buses are shown in Table. 7. The power losses calculated in this case are used as reference for
PR index calculation. The PR index in this case is therefore equal to 1. The cost benefits, in
this case are taken as zero.
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5.2 Iterative Simulations for Case-II

In this case, the power flow calculations on the considered grid have been conducted
with existing capacitors in the network. The active power loss, reactive power loss in the
system and voltage at all the candidate places are calculated using MATLAB simulation. The
active power losses, reactive power losses, PR index and cost benefits due to installation of
capacitors are shown in Table. 6. The cost benefits are calculated in terms of relative factor
because the calculation in terms of currency depends on the period under consideration. The
voltages of all candidate buses are shown in Table. 7.

5.3  Iterative Simulations for Case-III

In this case, the power flow calculations on the considered grid have been conducted
with capacitors of different ratings at different candidate places shown in Fig. 1. Four
different combinations of capacitor placement are given in Table 5 as Option-1 to Option-4.
The Option-4 is the optimal capacitor placement with minimum loss of active and reactive
power in the network, best voltage profile in the network and maximum cost benefit. The
active power loss, reactive power loss in the system and voltage at all the candidate places are
calculated using MATLAB simulation. The simulation results of candidate bus voltages in
each option are shown in Table 5. The active and reactive power losses, PR Index and Cost
benefit in each option are shown in Table. 6. The cost benefit are 18.67% high in optimal
capacitor placement condition as compared to existing capacitors. The voltages of all
candidate buses in optimal capacitor placement condition and optimal results of capacitor
placement at each candidate bus are shown in Table. 7.

Table.S: Capacitors at Candidate Places and Simulation Results of Voltages

Candidate Option-1 Option-2 Option-3 Option-4 (Optimal)
Bus No. KV MVAR KV MVAR KV MVAR | KV MVAR
N1 3298 0 33.01 0 34 10.86 33.73 5.43

N2 10.73 0 10.81 0 11.5 2.02 11.01 0
N3 31.81 0 33 5.43 34 8.145 33.50 543
N4 31.09 0 31.63 5.43 3245 10.86 33.03 13.575
N5 31.20 543 31.23 543 32.02 8.145 32.87 10.86
N6 31.58 543 31.61 5.43 32.39 5.43 33 8.145

Table.6: Simulation Results of Power Losses In System

Active Reactive PR Index Cost
Power Loss Power Loss Benefit
(MW) (MVAR)

Case-I (Without Capacitors) 1.63 20.40 1 0

Case-II (With Existing 1.60 20.36 0.98 0.405
Capacitors)

Case-III Option-1 1.60 20.19 0.98 0.465
Case-III Option-2 1.27 16.02 0.78 3.24
Case-III Option-3 1.23 15.07 0.75 3.60
Case-III Option-4 (Optimal ) 0.79 6.308 0.485 7.56
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Table 7: simulation Results of Bus Voltages and Optimal Capacitors

Candidate | Rated Bus | Bus Voltage | Bus Voltage | Bus Voltage (KV) Optimal
Bus No. Voltage Case-1 (KV) Case-I1 Optimal Cap Capacitors
(KV) (KV) Placement Results (MVAR)
N1 33 32.52 34 33.73 543
N2 11 10.67 11.32 11.01 0
N3 33 31.78 34.02 33.50 543
N4 33 31.02 32 33.03 13.575
N5 33 30.95 32.05 32.87 10.86
N6 33 31 33 33 8.145

5.4  Final Plan of Capacitor Placement

After performing all the simulations and analyzing the simulation results we could
arrive at final plan for optimal capacitor placement. The capacitors required at the particular
GSS looking to 20% future load expansion, capacitors which may diverted to other places
and new capacitors required are shown in the Table. 8. The standard capacitors banks
installed in the RRVPNL power grid are 33KV 5.43 MVAR provided in two steps of 2.715
MVAR controlled by different isolators. Therefore the capacitor banks suggested are integral
multiple of 5.43 MVAR. The suggested capacitors at 220 KV GSS Chomu are quit high
against the simulation results to meet out the emergency requirement for satiability of grid in
abnormal conditions.

Table.8: Final Plan of Capacitor Placement and Shifting

Name of GSS Voltage Optimal New Capacitors Which
(KV) Capacitors Capacitors may be diverted
Suggested Suggested

220 KV GSS Chomu 33 10.86 0 543
11 5.04 0 0

132 KV GSS Rampura 33 10.86 0 543

Dabri

132 KV GSS Govindgarh 33 16.29 0 0
132 KV GSS Markhi 33 16.29 543 0
132 KV GSS Ajitgarh 33 10.86 0 0

6. CONCLUSION

The reactive power optimization is a complex combinatorial optimization
problem. The MATLAB simulation using Gauss-Seidel power flow method is used for
optimal placement and sizing of capacitor in the electric transmission network of
RRVPNL Power Grid. The capacitor placement and sizing is provided by calculation of
PR Index, voltage constraints and cost benefits analysis. The objective function aims to
minimize the active power loss in the network, while satisfying all the power system
operation constraints. The results show that the allocation of existing capacitors in the
RRVPNL power Grid under study may be restructured as suggested by final selection
plan of capacitors. The skilled operation of capacitor banks results in high cost benefit as
well as optimum utilization of available network. Good planning helps to ensure that
capacitors are placed and operated properly.

270



International Journal of Electrical Engineering and Technology (IJEET), ISSN 0976 -
6545(Print), ISSN 0976 — 6553(Online) Volume 4, Issue 2, March — April (2013), © IAEME

REFERENCES

[1]

(2]

(3]

[4]

[5]

[6]
(7]

[8]

[9]

[10]

[11]

[12]

Anwar S Siddiqui, and Md. Farrukh Rahman, “Optimal capacitor placement to
reduce losses in distriution system,” Wseas Transactions on Power Systems, Vol. 7,
No. 1, pp. 12-17, January-2012.

S.Neelima, and P.S.Subramanyam, “Optimal capacitors placement in distribution
networks using genetic algorithm: A dimension reducing approach,” Journal of
Theoretical and Applied Information Technology, Vol. 30, No.1, pp. 28-34, August
2011,

Om Prakash Mahela, Devendra Mittal, and Lalit Goyal, “Optimal capacitor placement
techniques in transmission and distribution networks to reduce line losses and voltage
stability enhancement: A review,” IOSR Journal of Electrical and Electronics
Engineering, Vol. 3, Issue 4, pp. 01-08, Nov-Dec 2012.

Abdelfatah Nasri, and Brahim Gasbaoui, “Novel power flow problem solutions
method based on genetic algorithm optimization for banks capacitor compensation
using an fuzzy logic rule bases for critical nodal detections,” Power Engineering and
Electrical Engineering, Vol. 9, No. 4, pp. 150-156, December 2011.

A. Hammad, and B. Roesle, “New roles for static VAR compensators in transmission
systems,” Brown Boveri Review, Vol. 73, pp. 314-320, June 1986.

Carson W. Taylor, “Improving Grid Behavior,” IEEE Spectrum, Vol. 36, No. 6, pp.
40-45, June 1999.

Majid Davoodi, Mohsen Davoudi, Iraj Ganjkhany, and Ali Aref, “Optimal capacitor
placement in distribution network using genetic algorithm,” Indian Journal of Science
and Technology, Vol. 5, No. 7, pp.3054-3058, July-2012.

Mohammad Hadi Molaei, Zarei Mahmud Abadi, and Mohammad Hossein,
“Distributed generation and capacitor banks placement in order to achieve the optimal
real power losses using GA,” International Journal of Computer Science and
Technology, Vol. 2, No. 4, pp. 400-404, Dec. 2011.

Om Prakash Mahela, and Sheesh Ram Ola, “Optimal capacitor placement for loss
reduction in electric transmission system using genetic algorithm,” TJPRC-
International Journal of Electrical and Electronics Engineering Research, Vol. 3, Issue
2, pp- 59-68, June 2013.

Hirotaka Yoshida, Kenichi Kawata, and Yoshikazu Fukuyama, “A particle swarm
optimization for reactive power and voltage control considering voltage security
assessment,” IEEE Transaction on Power Systems, Vol.15, No. 4, pp. 1232-1239,
November 2001.

Hirotaka Yoshida, Kenichi Kawata, and Yoshikazu Fukuyama, “A particle swarm
optimization for reactive power and voltage control considering voltage stability,”
IEEE International Conference on Intelligent System Applications to Power Systems,
Rio De Janeiro, April 4-8, 1999, pp. 01-06.

B.Mirzaeian Dehkordi, M. Moallem, S.J. Rezazadeh, O.Amanifar, M. Keivanfard, N.
Sayadi, and L.Kermani, “Optimal capacitor placement and sizing in Tabriz Electric
Power Distribution System using loss sensitivity factors and particle swarm
optimization,” International Journal on Technical and Physical Problems( IJTPE),
Vol. 3, No. 7, pp. 54-59, June-2011.

271



International Journal of Electrical Engineering and Technology (IJEET), ISSN 0976 -
6545(Print), ISSN 0976 — 6553(Online) Volume 4, Issue 2, March — April (2013), © IAEME

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

P.V.V. Rama Rao, and S.Sivanaga Raju, “Voltage regulator placement in radial
distribution system using plant growth simulation algorithm,” International Journal of
Engineering, Science and Technology, Vol. 2, No. 6, pp. 207-217, 2010.
M.H.Sadeghi, A. Darabi, H. Yassami, M. Owladi, and A. Moeini, ‘“Feasible method
for optimal capacitor placement in a distributed system by using game theory,”
International Journal on Technical and Physical Problems of Engineering (IJ'TPE),
Vol. 3, No. 9, pp. 127-131, Dec. 2011.

Reza Sirjani, and Badiossadat Hassanpour, “A new ant colony based method for
optimal capacitor placement and sizing in distribution systems,” Research Journal of
Applied Sciences, Engineering and Technology, Vol. 4, No. 8, April 2012.

S.Bouri, and A. Zeblah, “Ant colony optimization to shunt capacitor allocation in
radial distribution systems,” Acta Electrotechnica et Information, Vol. 5, No. 4, 2005.
Om Prakash Mahela, Sheesh Ram Ola, and Lalit Goyal, “Optimal capacitor placement
for loss reduction in radial distribution feeder,” IOSR Journal of Electrical and
Electronics Engineering, Vol. 4, Issue 6, pp. 43-48, March-April 2013.

Majid Davoodi, Mohsen Davoudi, Iraj Ganjkhany, Morteza Arfand, and Ali Aref,
“Analysis of capacitor placement in power distribution networks using body immune
algorithm,” Research Journal of Applied Sciences Engineering and Technology, Vol.
4, No. 17, pp. 3148-3153, 2012.

(2013) The RVPN website. [Online], Available: http://www.rvpn.co.in/

Capacitor Subcommittee of IEEE Transmission and Distribution Committee,
Bibliography on power capacitors 1975_1980, IEEE Trans. Power Apparatus and
Systems, Vol. 102, No. 7, pp. 2331-2334, July 1983

L.Ramesh, S.P.Chowdhury, S. Chowdhury, A.A. Natarajan, and C.T. Gaunt,
“Minimization of power Loss in distribution networks by different techniques,”
International Journal of Electrical and Electronics Engineering, Vol. 3, No. 9, pp.521-
527, 2009.

Om Prakash Mahela, and Sheesh Ram Ola, “Comparison of HT shunt capacitors and
SVC for active and reactive power flow control in transmission line: The case of
RRVPNL power grid,” TASET-International Journal of Electrical and Electronics
Engineering, Vol. 2, No. 1, Feb 2013, pp. 49-58.

L-1/18/2010-CERC, “Central Electricity Regulatory Commission (Indian Electricity
Grid Code) Regulations, 2010,” Central Electricity Regulatory Commission, New
Delhi, India, pp. 33-38, 2010.

Baghzouz, Y., and Ertem, S., “Shunt capacitor sizing for radial distribution feeders
with distorted substation voltages,” IEEE Transactions on Power Delivery, Vol. 5,
No. 2, pp. 650-657, 1990.

Rajasthan Rajya Vidhyut Prasaran Nigam Limited, Technical specifications guide.
Muzamir Isa and Matti Lehtonen, “Rogowski Coil Evaluation Performance with
Different Fault Conditions in Medium Voltage Distribution Networks”, International
Journal of Electrical Engineering & Technology (IJEET), Volume 3, Issue 1, 2012,
pp- 100 — 111, ISSN Print: 0976-6545, ISSN Online: 0976-6553.

Suresh Kamble and Dr. Chandrashekhar Thorat, “Characterization of Voltage Sag
Due to Balanced and Unbalanced Faults in Distribution Systems”, International
Journal of Electrical Engineering & Technology (IJEET), Volume 3, Issue 1, 2012,
pp- 197 - 209. ISSN Print: 0976-6545, ISSN Online: 0976-6553.

272



International Journal of Electrical Engineering and Technology (IJEET), ISSN 0976 -
6545(Print), ISSN 0976 — 6553(Online) Volume 4, Issue 2, March — April (2013), © IAEME

BIOGRAPHIES

Om Prakash Mahela was born in Sabalpura (Kuchaman City) in the
Rajasthan state of India, on April 11, 1977. He studied at Govt. College of
Engineering and Technology (CTAE), Udaipur, and received the electrical
engineering degree from Maharana Pratap University of Agriculture and
Technology (MPUAT), Udaipur, India in 2002. He is currently pursuing
M.Tech. (Power System) from Jagannath University, Jaipur, India.

From 2002 to 2004, he was Assistant Professor with the RIET, Jaipur.
Since 2004, he has been Junior Engineer-1 with the Rajasthan Rajya Vidhyut Prasaran Nigam
Ltd., Jaipur, India. His special fields of interest are Transmission and Distribution (T&D)
grid operations, Power Electronics in Power System, Power Quality, Load Forecasting and
Integration of Renewable Energy with Electric Transmission and Distribution Grid. He is an
author of 20 International Journals and Conference papers. He is a Graduate Student Member
of IEEE. He is member of IEEE Communications Society. He is Member of IEEE Power &
Energy Society. He is Reviewer of TJPRC International Journal of Electrical and Electronics
Engineering Research. Mr. Mahela is recipient of University Rank certificate from MPUAT,
Udaipur, India, in 2002.

Sheesh Ram Ola was born in Jerthi (Sikar), Rajasthan, India, on June 22,
1975. He studied at Govt. Engineering College, Kota, and received the
electrical engineering degree from RU, Jaipur, in 1998. He received
M.Tech.(Power System) from MNIT, Jaipur, India in 2001.

From 2001 to 2005, he was Associate Professor and HOD Dept. of
Electrical Engineering, RIET, Jaipur. Since 2005, he has been Director with
Professional Group (PG) Institute, Jaipur, India. Since 2009, he has also been
Director with Raj. Education and Research Development Society, Jaipur, India. His special
fields of interest are Small Electrical Machines, Power Electronics & Drives, Reactive power
management in large grids and Electromagnetic Fields. He is an author of 10 International
Journal and Conference Papers. He authored 2 books titled Circuit Analysis & Synthesis and
Basic Electrical Engineering.

273



