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Abstract: Distribution system reconfiguration and optimal capacitor placement are the two techniques adapted
Jor the control of power loss. These techniques not only control the power loss but also control volt/var of the
distribution system, and improve the system reliability and security. This paper proposes a method to handle
reconfiguration and capacitor placement simultaneously for the effective optimization. In order to consider the
constraints along with the objective, heuristic fuzzy has been integrated with ODE. The effectiveness of the
proposed approach is demonstrated by employing the feeder switching operation scheme to IEEE-33 bus Power
Distribution systems. The proposed algorithm reduces the transmission loss and controls volt/var while
satisfying power flow constraints.
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I. Introduction

Development of electrical power distribution system performance requires proper plans for increasing
utilities efficiency, for instance, losses reduction. Different approaches are used to reduce losses such as optimal
use of electrical equipments, optimal use of loading at the transformers, reconfiguration, and optimal capacitor
placement, optimal placement of DG (Distributed Generation) and removal of harmonics. Amongst all,
reconfiguration and capacitor placement are comparatively lesser operating cost. The reconfiguration of a
distribution system is a process, which alters the feeder topological structure by changing the open/close status
of the switches in the distribution system. The presence of high number of switching elements in a radial
distribution system makes the network reconfiguration a highly complex combinatorial, non-differentiable and
constrained non-linear mixed integer optimization problem. Also, the number of variables varies with respect to
the size of the system. The distribution system with ‘n> switches will have ‘n’ variables. The demand for a radial
operation also makes the mathematical model more difficult to represent efficiently and codification of a
solution becomes difficult when metaheuristic techniques are employed. Even though reconfiguration strategy
has above said limitations, it is a most widely recommended and most successful strategy with zero operating
cost.

The feeder reconfiguration problem has been dealt in various papers. Civanlar et al.[1] conducted the
carly work on feeder reconfiguration for loss reduction. In [2], Baran et al. defined the problem of loss reduction
and load balancing as an integer programming problem. Aoki et al. [3] developed a method for load transfer, in
which the load indices were used for load balancing. In Shirmohammadi and Hong [4], the solution method
starts with a meshed distribution system obtained by considering all switches closed. Then, the switches are
opened successively to eliminate the loops. Developments in algorithm design techniques such as simulated
annealing [5], heuristic fuzzy [6], Artificial Neural Network [7], population based evolutionary algorithms [8-9]
provides much improvement in reconfiguration strategy. The plant growth simulation algorithm (PGSA) is-
employed to optimize the network configuration of the distribution system [10]. The PGSA provides a detailed
description on switch state and decision variables, which greatly contracts the search space and hence reduces
computation effort. In [11], harmony search algorithm has been proposed for reconfiguration.

As the nature of capacitor placement problem is complex combinatorial, different techniques have been
followed by the authors in the past. The initial contribution was made by Schmill [12] using 2/3 rule for
capacitor placement. Dynamic programming with assuming the capacitor sizes as discrete variables adapted by
Duran [13]. The capacitor problem was viewed as a nonlinear problem by Grainger et al. [14], where variables
were treated as continuous. The improvements in advanced optimization techniques such as genetic algorithm,
micro genetic, particle swarm optimization, ant colony and differential evolution allowed the optimization
procedures comparatively easier than the conventional procedures. Optimal capacitor placement was carried out
through genetic algorithm by [15]. The number of locations was considered as the total variables for genetic
algorithm. The microgenetic concepts involving enhanced genetic algorithm was proposed in [16]. The power
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flow constraints were handled through fuzzy logic concepts. Optimization procedure through particle swarm
optimization principle was adapted in [17]. Optimization through plant growth simulation algorithm (PGSA)
was first introduced for feeder reconfiguration in [12]. Later, the PGSA along with loss sensitivity factors was
introduced [18] for optimal capacitor placement. Loss sensitivity factors were used to find the optimal location
i.e weak buses which require capacitor. PGSA was incorporated in order to find out the optimal sizing of the
capacitors.

The optimization procedure combining both capacitor placement and reconfiguration was recently
introduced. In [19], the ant colony optimization algorithm was introduced for the optimization. The combined
usage of deterministic approach and heuristic technique for network reconfiguration and optimal capacitor
placement for power-loss reduction and voltage profile improvement in distribution networks [20]. The
improved reconfiguration method along with GA used for simultaneous reconfiguration and capacitor placement
for distribution network optimization in [21].

In this paper, Opposition based Differential Evolution [22] algorithm has been presented for
simultaneous handling of reconfiguration and optimal capacitor placement. Further, heuristic fuzzy has been
incorporated to look at constraints with objective. The effectiveness of the proposed approach is demonstrated
by employing the feeder switching operation scheme to IEEE-33 bus.

II. Problem Formulation
The main objective of the optimal capacitor placement is to minimize the total annual cost of the
system subject to the power flow constraints such as bus voltage (|[Vii| < [Vil <|Vmaxl), branch currents (| <
[Tmax jem|) and radiality constraints. The mathematical equation relevant to the objective function of the problem is
defined as,

F=Minimize(C) )
Where, the term ‘C’ represents the total cost of the distribution system, it includes the cost for energy
loss and capacitor cost.

The problem carried out with following assumptions.

(1) Loads are static

(i1) Distribution system is perfectly balanced

(i11) Well reactive power compensated system

(iv) Operation and maintenance costs of the capacitors are negligible.

The single line diagram of the balanced distribution system shown in the Figure 1 used to describe the
load flow calculations. In Figure 1, P; and Q; represents the real and reactive power flow between the sending
and receiving end buses, Py; and Qy; denotes the real and reactive power loads. The line resistance and reactance

are denoted as R;jand X;;. =~ is the total shunt admittance at bus i
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Figure 1 Single line diagram of a main feeder

The following set of equations are used to calculate the power flow,
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The power loss Pr 1o of the feeder is determined by summing the losses of all line sections of the
feeder and it is given by,

I)

Flloss —

_yeip BQ
2R~ 5)

The total energy loss cost (E,) has been calculated as,
Ecos(:PT,Ioss * Kp; (6)

where K, is the equivalent annual cost of power loss in $/(kW-year)
In general, the cost per KVAR varies with respect to their size. The available capacitor sizes and their
cost (K) were given in [19]. The total cost of the distribution system is given in equation (7).

C:Ecost+ Cq.cost (7)
where,

_ annual
Cq,cost H Cq.ﬁxed + Ci Qi

Cy,ixed 1s the fixed cost for the capacitor placement
$/year

Ci"™™*'is the annual cost for the capacitor installation

in $/(KVAR-year)
(i is the selected buses for capacitor installation)
Q; is the reactive power in (KVAR)

I11. Search Strategy For Capacitor Sizing Through Ode Algorithm

Opposition based differential algorithm is a recent evolutionary algorithm with enhanced features such
as self acceleration, self migration and assured optimal search with least population size. The efficiency of the
algorithm can be well proven by applying into complex and/or large problems. In this paper, the purpose of
introduction of ODE is to find the optimal location for capacitor placement, optimal capacitor size and optimal
configuration. The number of variables for ODE searching is the total of number of loops, number of locations
and number of locations (for proper sizing). For instance, the system with ‘x’ loops and ‘y’ locations will
require ‘x+2y’ ODE variables.

Iv. Fuzzy Operations For Multi-Objective Capacitor Placement

In fuzzy domain, each objective is associated with a membership function. The membership function
indicates the degree of satisfaction of the objective. In the crisp domain, either the objective is satisfied or it is
violated, implying membership values of unity and zero, respectively. When there are multiple objectives to be
satisfied simultaneously, a compromise has to be made to get the best solution. The four objectives such as
power loss minimization, total cost minimization, bus voltage deviation minimization and branch current
deviation minimization are fuzzified and dealt by integrating them into a min-max imperative of fuzzy
satisfaction objective function.

In the proposed method for system optimization, the terms pgj, picj, pv; and Ly indicate the membership
function for power loss reduction, total cost reduction, bus voltage deviation and branch current deviation
respectively of the j™ configuration. The higher membership value implies a greater satisfaction with the
solution. The membership function consists of a lower and upper bound value together with a strictly
monotonically decreasing and continuous function.

4.1 Fuzzy-set Model for Power Loss Minimization

The deviation of power loss of the new configuration (Ppe) to the previous configuration loss
(Poloss) 1s to be identified with the objective of minimizing the system power loss. The power loss of the system
has been obtained from radial load flow for each new configuration. Moreover, the amount of the Py resulting
from capacitor inclusion can be estimated as ‘very close, ‘close’ or ‘not close’ to the Py Therefore, the
linguistic terms can be formulated as a membership function by the fuzzy notation. The membership function g
has been depicted using Equation (8). A small difference between Py and Pyjoss possesses a larger membership
value. The membership function at j" configuration can be expressed as follows,
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V. Simulation Results

The effectiveness of the algorithm has been validated through IEEE 33-bus test distribution system
[19]. The system has 5 normally opened switches, 32 normally closed switches with 33 buses and it is assumed
as balanced three-phase with 12.66kV.-The corresponding power loss is 202.7kW. It has been carried out by
considering the system working under normal conditions, i.e., all the branches are being loaded without
violating its limits, voltage at the buses is within limit and the phases are balanced.

The optimization process starts with identifying the total variables, such as number of locations for
capacitor placement and loops present in the distribution system. For the test system, it has been considered as 5
loops and 3 locations for the capacitor placement based on experience and earlier studies. Therefore, total
number of variables required for ODE searching is 11(ie. 5 for loops, 3 for locations and 3 for sizing).

5.1 Variable Size
For the 5 loops, as per the PGSA [10], decision variables are designed for the system, which is shown in Fig. 2.

@ Bus orload center

E— Closc .sx\"llg‘h 17
— Open switch

Figure 2 IEEE 33-bus RDS with state variable sketch

The descrlptlon of the switch states is identified as,
i. the open switches are Si3, Ss4, S35, S36, and Ss7;
ii. the closed switches are S; to Ss;;
iii. the permanently closed switches are S;, S,, S;, Sig and Sy, (since these switches are near to the
feeder);
iv. the temporary closed state switches are S3, S4, Ss, S, S7, Sg, So, S10, St1, Sa5, Sa6, S27, and Syg (since
these switches are common to more than one loop;
As aresult, the solution sets are re-defined as,
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The equation (9) reveals that the system has five loops with set of switches. The searching for the best
set of open switches from each loop has been carried out with ODE. The number of switches present in each
loop such as 7,6,4,7 and 8 defines the range for the variables. Therefore, the range for the searching process is
selected as  (1-7), (1-6), (1-4), (1-7) and (1-8) for the variables L;, L, L,, Ly and Ls respectively.

For location variables, total number of buses except feeder bus has been considered as the maximum
range for the variables. For ‘n’ bus system, the maximum value of the variable has to be ‘n-1°.

For capacitor sizing variables, the range for the variables and corresponding cost has been shown in
Table 1[18].

Table 1 Capacitor sizes and cost

NR Qin Capacitor cost | SI. Qin Capacitor cost
No. | kVAR in $/kVAR No. | kVAR in $/kVAR
1 150 0.500 15 2250 0.197
2 300 0.350 16 2400 0.170
3 450 0.253 17 2550 0.189
4 600 0.220 18 2700 0.187
5 750 0.276 19 2850 0.183
6 900 0.183 20 3000 0.180
7 1050 0.228 21 3150 0.195
8 1200 0.170 22 3300 0.174
9 1350 0.207 23 3450 0.188
10 1500 0.201 24 3600 0.170
11 1650 0.193 25 3750 0.183
12 1800 0.187 26 3900 0.182
13 1950 0.211 24 4050 0.179
14 2100 0.176

5.2 Implementation

For instance for variable L;, by the control strategy “DE/current-to-rand/1” the value generated is 3
then Sy is the switch assumed as opened in the loop 1 and the same process is continued for the rest of the
variables. The initial population and their respective losses were calculated and stored. With the initial values of
F=0.8 and CR=0.6 searching was done for the fixed number of iterations. The proposed method reduces the
power loss from 202.67 kW to 101.42 kW, and maintains the bus voltages well above minimum value. The
kVAR at the buses 27, 28 and 29 are 149, 727 and 149 respectively. With the effective influence of capacitors at
the optimal locations the total operating cost of the system has been reduced from 34,049.75 $/Year to
18,198.96 $/Year. Thus the proposed algorithm has achieved 46.55 % of cost saving with the combined
reconfiguration-optimal capacitor placement case. Furthermore, the bus voltages are maintained within the limit.
The results of the three cases are compared in Table 2 along with the results of the previous published work
[20]. From the Table, it is understood that the annual operating cost and power loss has been greatly reduced
with the combined reconfiguration and capacitor placement approach.

Table 2 Summary of results for 33-bus RDS

A Sepacior Reconfiguration Proposed
= Reconfiguration Placement 2 .
Initial and Capacitor Reconfiguration
Parameters : Only Only :
Configuration [10] [18] Placement and Capacitor
120] Placement
Loss (kW) 202.67 139.54 159.89 101.49 101.42
Min. bus
Yateare Giii) 0.913 0.9378 0.933 0.957 0.959
Total
Capacitor - - 2940 1685 1027
size (kVAR)
Power Loss
Cost - 23444.62 26861.59 17038.56 17039.03
($/(KW-yr))
Capacitor
Cost ($/yr) - - 1529.87 722.84 159.94
Tortannoal | 16455 23444.62 28,391.46 18761.4 18198.96
Cost ($/yr)
L - 31.14 16.61 44.9 46.55
saving :
VI. Conclusion

An efficient approach that combines the reconfiguration and optimal capacitor placement for power
loss reduction and bus voltage improvement has been proposed in this paper. ODE has taken care of
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reconfiguration, optimal capacitor location and capacitor sizing. With the effective inclusion of heuristic fuzzy,
the power flow constraints were considered along with loss reduction. The proper use of ODE improves the
efficiency in terms of reduced number of load flow executions, reduced computational executions and removal
of unfeasible solutions in the search space. The results obtained with the present approach, when compared with
the previous methods proposed by the authors shows that the introduction of the algorithm with hybrid FODE
has contributed to reduce the number of power flows and has incorporated the network constraints. Hence with
the effective introduction of the proposed algorithm, loss reduction was done subjected under constraints such as
bus voltage limit and branch current limit and can be applied to any large real radial distribution system supplied
from both single and multi feeders.
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Abstract — Wind energy conservation systems exhibits
variability in their output power as a result of change in their
prime movers (wind speed).This introduces a new factor of

uncertainty on the grid and posses a lot of challenges to the -

power system planner and the utility operators in terms of
power system grid integrity (i.e.) power system stability,
power system security and power quality. This paper
discusses the various challenges (poor voltage profile, over
loading of components, increase in loss, increased short
circuit rating, harmonics, maloperation of relays etc...) of
wind power when integrated into the grid and identifies
different mitigating strategies for its smooth integration. This
paper therefore enables the specifications for mitigation or
integration technologies to be appreciated and quantified.
The main objective of this paper is to reduce the losses and
loading, increasing the voltage profile by adding wind
turbine generator to Tamil Nadu grid in appropriate
location. The entire Tamil Nadu grid of 33 KV transmission
line is to be modeled using the ETAP software (Electrical
Transient Analysis and Programme).

Smart grid aims at 20% renewable energy integration to
the grid by 2020. Tamilnadu has already integrated more
than 40% of wind into the grid. Since private entities are
encouraged to setup wind on their own for the past two
decades and nobody is to regulate the interconnection, which
leads to unplanned growth which causes high losses, poor
voltage profile, high equipment loading etc. This also reduces
plant load factor of wind farms drastically due to
unavailability of grid.

Paper aims at increasing plant load factor by means of
strengthening network for ‘existing wind forms and
necessitates proper guidelines for upcoming wind farms.
Paper also dealt with modeling of WTGs to study the impact
in macro level.

Keywords — Wind Integration, TNEB 400kV Network,
Etap-12.6, Impact of Wind.

I. INTRODUCTION

The conventional energy sources are limited and lead to
environmental pollutions. Efforts are geared towards grid
integration of renewable energy sources into a grid as a
result of environmental concerns and the quest for energy
security. Wind energy is the fastest growing and most
promising renewable energy sources among them because
it is abundant, cheap, inexhaustible, widely distributed,
clean and climate benign.

The major challenge associated with the wind power
generation is due to the intermittent nature of the wind.
Challenges using wind energy includes that wind cannot
be stored and all the energy in the wind cannot be
completely harnessed during the time of light demand.

As dated on March 3rd 2013 installed capacity of wind
energy is 7010MW. Tamilnadu has dispatched history of
more than 3500 MW which shows the wind potential
utilization and future expansions. Tamilnadu has large

wind potential in Palladam and Pollachi region also in the
aralvaimozhi and kayathar is the major potential of wind
energy available in the southern region of Tamilnadu.

The major impact of wind turbine generators while
integration are voltage profile, transmission line losses and
equipment loading level. In 1991 Tamilnadu has very less
capacity of wind energy and it was the beginning stage of
wind plants in Tamilnadu. In 1996, wind contribution has
improved to a much extend because of private entities.
This scenario continued till 2006 and the power from wind
was increased drastically. This period was generally called
it as “booming period”.

Addition of wind starts saturated from the year of 2007.
In 2012 only 30 MW is added which is nearly 0.05% of
total installed capacity. It shows the clear indication that
growth of wind mill will be questionable if adequate steps
are not taken to improve the transmission network
strength. Total installed capacity in Tamilnadu so far is
26,032 MW. For an optimal integration the voltage profile
should be good, transmission line losses and equipment
loading must be as low as possible. PLF could be
improved if the transmission bottlenecks and connectivity
issues are taken care. Etap-12.6 software is used to
simulate the grid model with wind farms. Newton
Rapshon method is used to solve the load flow analysis
considering the convergence of such large system without
compromising accuracy.

II. SYSTEM MODELING

Tamilnadu 33 kV transmission network with various
type of Wind Turbine Generators are considered
Simulation. Various scenarios are included such as Peak
Wind Peak Load, Peak Wind Average Load, Peak Wind
Low Load, Average Wind Peak Load, Average Wind
Average Load, Average Wind Low Load, Low Wind Peak
Load, Low Wind Average Load, Low Wind Low Load.

An AC power-flow model is a model used in electrical
engineering to analyze power grids. It provides a nonlinear
system which describes the energy flow through each
transmission line. The problem is non-linear because the
power flow into load impedances is a function of the
square of the applied voltages. Due to nonlinearity, in
many cases the analysis of large network via AC power-
flow model is not feasible, and a linear (but less accurate)
DC power-flow model is used instead.

Usually analysis of a three-phase system is simplified by
assuming balanced loading of all three phases. Steady-
state operation is assumed, with no transient changes in
power flow or voltage due to load or generation changes.
The system frequency is also assumed to be constant. A
further simplification is to use the per-unit system to
represent all voltages, power flows, and impedances,
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scaling the actual target system values to some convenient
base. A system one-line diagram is the basis to build a
mathematical model of the generators, loads, buses, and
transmission lines of the system, and their electrical
impedances and ratings.

The goal of a power-flow study is to obtain complete
voltage angle and magnitude information for each bus in a
power system for specified load and generator real power
and voltage conditions. Once this information is known,
real and reactive power flow on each branch as well as
generator reactive power output can be analytically
determined. Due to the nonlinear nature of this problem,
numerical methods are employed to obtain a solution that
is within an acceptable tolerance.

The solution to the power-flow problem begins with
identifying the known and unknown variables in the
system. The known and unknown variables are dependent
on the type of bus. A bus without any generators
connected to it is called a Load Bus. With one exception, a
bus with at least one generator connected to it is called a
Generator Bus. The exception is one arbitrarily-selected
bus that has a generator. This bus is referred to as the slack
bus.

In the power-flow problem, it is assumed that the real
power PD and reactive power QD at each Load Bus are
known. For this reason, Load Buses are also known as PQ
Buses. For Generator Buses, it is assumed that the real
power generated PG and the voltage magnitude V| is
known. For the Slack Bus, it is assumed that the voltage
magnitude |V| and voltage phase angleare known.
Therefore, for each Load Bus, the voltage magnitude and
angle are unknown and must be solved for; for each
Generator Bus, the voltage angle must be solved for; there
are no variables that must be solved for the Slack Bus. In a
system with N buses and R generators, there are then 2(N-
1)-(R-1) unknowns.

In order to solve for the 2(N-1)-(R-1) unknowns, there
must be 2(N-1)-(R-1) equations that do not introduce any
new unknown variables. The possible equations to use are
power balance equations, which can be written for real and
reactive power for each bus. The real power balance
equation is:\_
0= =P+ 3 |G| |Vil(Gig cosbyy + Bigsin 8y,)

(2.1)
=l
where P; is the net power injected at bus i, Gj; is the real
part of the element in thebus admittance
matrix YBUS corresponding to theith row and kth
column, Gy is the imaginary part of the element in the
YBUS corresponding to theith row andkth column

and @, is the difference in voltage angle between the ith

and kth (6, =6,—6,). The reactive power balance
equation is:
N
b= _Ql + Z ”;HU! I:GAF:S}“ ﬁw = B.’k CO3 ’9/.‘.‘} (22)
Fi

Where (; the net reactive power is injected at bus i.
Equations included are the real and reactive power balance
equations for each Load Bus and the real power balance
equation for each Generator Bus. Only the real power
balance equation is written for a Generator Bus because
the net reactive power injected is not assumed to be known
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and therefore including the reactive power balance
equation would result in an additional unknown variable.
For similar reasons, there are no equations written for the
Slack Bus.

In many transmission systems, the voltage angles 6, are

usually relatively small. There is thus a strong coupling
between real power and voltage angle, and between
reactive power and voltage magnitude, while the coupling
between real power and voltage magnitude, as well as
reactive power and voltage angle, is weak. As a result, real
power is usually transmitted from the bus with higher
voltage angle to the bus with lower voltage angle, and
reactive power is usually transmitted from the bus with
higher voltage magnitude to the bus with lower voltage
magnitude. However, this approximation does not hold
when the voltage angle is very large.

There are several different methods of solving the
resulting nonlinear system of equations. The most popular
is known as the Newton—Raphson method. This method
begins with initial guesses of all unknown variables
(voltage magnitude and angles at Load Buses and voltage
angles at Generator Buses). Next, a Taylor Series is
written, with the higher order terms ignored, for each of
the power balance equations included in the system of
equations. The result is a linear system of equations that
can be expressed as:

il o

Where AP and AQ are called the mismatch equations:
¥
AP, = —Fi+ Y Vi||Vil(Gicosty + By sin i)
=1

(2.3)

(2.4)

i
AG: — =G + 3 [Vil|Vil(Giesin 0, — B, coslis)

fe=1

(2.5)

III. SYSTEM NETWORK

Tamilnadu is one of the state which is located in
southern corner of India and is surrounded by Andhra
pradhesh, Kerala, Karnataka and Pondicherry.

Tamilnadu has installed capacity of thermal power of
4420 MW, hydro power of 2240 MW, Other
Gas/Naptha/Diesel power of 2732 MW, other power
plants of 806 MW and wind power of 7040 MW. Central
government sector contribution to Tamilnadu is 8810
MW. Total installed capacity of power is 26,032 MW.
Tamilnadu has peak demand of 12,933 MW. Also TN has
off-peak demand of 12,658 MW. Average demand of TN
1s 13,366MW. Southern regional grid maintains the system
frequency of 50 Hz with tolerance of + or — 0.5 Hz after
implementation of Availability Based Tariff.

Table I Generator data

Generator Scheduled Voltage | Qmin | Qmax’
Name Power MW kV MVAR | MVAR
Neyveli 210 11 0 130.03
Neyveli-Ext 250 11 0 295
Kudamkulam 1000 21 0 484.32
Tuticorin-ST4 500 21 0 242.71

Copyright © 2016 IJASM, All right reserved

85



-

m:smwim# bys 'z:wu.wf bsﬁq;y tﬂ ix:mual immmntn!

m;-w £ onitnO) ey X Ml £ mﬂa‘)

= -
5 ol 4 ° 3 &

“opuslad swmon svilieay ol gxngui o J'l‘f“s‘:ﬂﬂ i);
 atdaney neomlan leanitibbs e w Huey: blsiow o
S gl Bblrig So0TpeG 535 961 EiiRESY sefireie wnd
7 cemd H@f.n’
A ge potesienE o o

negiqes . girie & ot ap sl e devastn e

s B melwamsoeaiing ol o

tesoartold bain oieas agetey Dre wmecod el 1:ff:=-w:\d

aurtgzas i alidhe .-Jb:;vs L A 150 U AR S 8 T PP O
":a Sy ' H1 l)f . s RsT ‘f,.!ii)‘?:;f{
5 Jusei s ad 4 faylis bifis R Feil

wdn @i 2.8 Al meh _}}P¥| '-*'iﬂ‘
s Slgow spuiiow 'F;{Jtr
Wieer el o ot bl
gusiloy veaet At

wili g ;t{'_'.x stif:g;m; 3
ol e
smisl ¢Tey o ufg = u‘d-‘ﬂ*

bra: Yy 1:‘:,-m&rh oS vig gmind

s zanh a'mm,mif'

3{?} . f‘..“f‘rt;v? e

_«'llj P ;J.‘.é‘
fEENE il
i B i g

LI

eyt
-,-Js‘,_’sah

zoatloyy

SRR
38 EE

;-fx‘t bz.r i e eolgs

#emipes wolest @ cdasdl T wmismaedd s esluaa
T dizne ‘fn*')ﬁ:;? P bt veeiginh wlt divw eirew

’Lut.ui.rm sushnpy oushed 1awmn w1l

‘-(a rﬂ_ﬂ'""\ T LB AT .e:n(

it :gfl(}‘tit}{:ip;,

TE RYey fq‘;“‘

” gl § i Ba
B %% LR L
' , logs  illa)

s b AhasSe S Lol vw Ui e S s
+ @

ik Ll s & .u‘?"" &,‘;_3;';4_;';'.{: ;i $ie = AL
: s

NS

P

Calmre AL o g o, Difs FEEN

253

A0 4rr%¥#yr Nf. B2

s Wi osue st ebeelimeT
& boz sibal 3o qeuds

m balgal M dide omn
saedsnt 71 bubisiarise .

ghungsy beilpam sud sbdins T
wmAy EMW L T w o Cibyd, W 00R:
A0 i W S0 e Trwog el s 5
fxman) WM OMOT Gn vty bager iu;. TEE A Yo el
Cl88 2 wbesbaxi of sebudiuso: m:qd EGEEaTRS
W S OL @ wwoq ‘*53 li"ﬁ‘iw bofiabuar (siol ¥
s T onlss WM SRR LT 0 mt.ﬂ'si- Az eudd wheniiesT
WU V0 Bossinab 9 Wid 3481 to beemvi deuy’
wivizge i pmeitei e By roigia meliuag #N AL TR AT

Tafte ol 20 = i wsmwdel e 38102 0 wana

‘ k1

wwapd) vididali:

iﬁ PR farrdt o

2aG mdi !'uf'n? $adal
/74%1‘!«, v bmamsb? i

'
ot
i

'!Qiﬂ’ ﬂ‘.l I

eaiilsag

mstbiaoy
mﬂxbﬁa‘i bas sAsemikd slewd Bodbayg-

pesivnonsh o saldariy aepndn b

“rs o o ob gl soniisegs O
s w0 edoileepy sldiveog ,,fT aoilaiey -m‘sm.: WL

e 55;52‘#:1:\5;

-

RS a03 it ot et "ub‘{c ;s;;w‘ fnotas :»dr gmﬁw
5 bl o sieed Gtz cungsb smboao mutegs A b
dpa. poand zhnel nolszmesy it o ishom 1592
lidiwsols wud bns mosesy sl G ol s
L ._ - % ";ﬁJ”“'Lb!m Fi

f}b‘qmw st o 2 it wall w—— I
&0 2ae d...,? .s?t s Tl i b
st bk iduar w6t e gn dew

h s} pmeiyls . ooy L

TN US T
et ufyﬂ-:;
Aﬂ) "\uu".r >iﬂ

F Vir s J-:r.r- a;t;}»f;w--; -.,f'.‘_;.' HE: STAPS
vi nRG fmoisn Faoe ovlonsy el ey

o amonteen i ] Dranmanid
5 'nvid" wl bagulaun ofee Mo nsedun
' U
i gt

e -
INGRATS  RX

Rt

5w sl &

e dhy T
annpsd Gl } ot pandeler oo

gt a ",zic*-:,: k590

aa el sl .
R

RN TR

okl
pRil ety ayd
&

oo ynl met bamues g 17 .ra}émr b ni'}‘w:.'ﬁq st pi
tm: G Loud sliss g G0 weon sritbem bes (M n‘nq
i st asle s e ...H‘ e, i smspsn st e

: s N S
S wEs Y wT mwees

SOk T

3 ¥

= it £ bonmnsg wRog

2 fesusmes o s ah ol cnwond
wwoubans semlg sumioy Lur i"'-,h i

bﬂ-! Stirgen sasiiee sil-set band B '?&f 3&'}‘3‘8—“‘{,
duies gt Tl bovios B4 vepm B womkoy sy Slgns
sredl a0t bl of damn sl 2nl :i:iz.r;g*;z)
g o Aasle uoi ot Boy
VOL sy veg sl »m;r;:smg i wxnd Vodnw costage

- p-ityos
AT S

raundagg AN

T 9:?&4 -‘-u subrie ol
A \MEY g R

sl _.Elﬁ‘ﬁﬁ“i"}w il -ﬁ;~(

. bas fks1 whagiives 55 meo dol A enotsups sonslsd wwog
‘mrrled ooy feon el wd dm R g v
‘ - ‘2 molisips

a N
(5 Cplseie g0 4 e DG T s B

P.’_'
oy s 20 el btaolm 1o IR st s
, adf ¢ B msands 1o
dfbas  wor el o gnibacgeenes RUEY sidem
vt = xmxnai@ siit Yo ney pEAiusm-oft 4 0 eanitos
T # A nle won A6 Sy of sl SURYY
ah g ipeoted Sinte syntloe

A5y ‘

saElad Tamonnt

FHHBY

Mo (B B SRR

RE IR AR
i Jo 2 H\' i
BT Y]

i ek g s

R b BRPE AT TP (R 1) AT AETG

s bt plpsls S8l sEEEa

Wi B apesETR 4 et

o "30‘":.“ iy iy 2t Y

foe o oy s gidsim o ow

s,




Tuticorin 500 21 0 242.71
Ind-Bharath 600 21 0 290.60
Coastal Ene 600 21 0 290.60
Mettur 500 21 0 242.17
Chennai 660 21 0 319.64
North Chennai 600 21 0 290.60
North

ChennaiABAN 600 2l 0 220.61

All the generators are not allowed to operate reactive
power consumption mode because of stability issues
which will be dealt in separate paper.

Table IT Transformer Data

Transformer Rating HV LV Voltage| Impedance
MVA Voltage kV in pu
kV
Neyveli 250 400 11 0.14
Neyveli-Ext 300 400 11 0.14
Kudamkulam 1200 400 21 0.14
Tuticorin-ST4 560 400 21 0.14
Tuticorin 560 400 21 0.14
Ind-Bharath 670 400 21 0.14
Coastal Ene 670 400 21 0.14
Mettur 560 400 21 0.14
Chennai JV 740 400 21 0.14
North Chennai 670 400 21 0.14
North Chennai 670 400 21 0.14
ABAN
Table III Conductor Data
Type R() X Y
Twin Moose (+Ve Seq) . 0.1 0.4 0.00001
Twin Moose (-Ve Seq) 0.1 0.4 0.00001
Twin Moose (Zero Seq) 0.1 0.4 0.00001

Load data is considered based on the daily report of
Tamilnadu from SRLDC website. Power factor is also
considered based on the operating condition.

IV.SIMULATION RESULTS

Load flow analysis for the Tamilnadu grid without
addition of wind farms provides result of very good
voltage profile, less equipment loading and 1.3% of
transmission line losses {i.e Wind generators are
considered as out of service}.

Load flow result for Tamilnadu grid with addition of
wind farms {50% of installed capacity is considered}
provides poor voltage profile, high equipment loading &
line losses {1.8%}.

Load flow result for Tamilnadu grid with our proposal
for transmission network with 50% of wind installed
capacity is studies. Result shows good voltage profile, less
equipment loading and less line losses {1.4%}. It also
shows very high availability of transmission network
during peak windy seasons.
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Fig. 1. Simulation Result

This results in increasing the Plant Load Factor which
falls down due to unavailable transmission network. The
ETAP Load Flow Analysis module calculates the bus
voltages, branch power factors, currents, and power flows
throughout the electrical system. ETAP allows for swing,
voltage regulated, and unregulated power sources with
multiple power grids and generator connections. It is
capable of performing analysis on both radial and loop
systems. ETAP allows you to select from several different
methods in order to achieve the best calculation efficiency.
Fig 1 shows the voltage profile at various loading and
wind conditions. Table provided in the annexure 1
provides the voltage profile at various buses and loading.
The study is repeated with many configuration and
contingencies to identify the optimal configuration for
connecting the Wind Turbine Generators. Result shows
that optimal configuration reduce the losses to the extent
of 18% in peak load conditions and about 11% during
peak load with average wind conditions. Results have
severe impact on the financial viability of the project since
these values directly have an impact on deciding power
evacuation scheme of existing and proposed generators.

V. CONCLUSION

A detailed analysis on the impacts of integrating the
wind turbine generators with the Tamilnadu grid has been
presented in this project. A 33 kV transmission system has
been taken as an example for the analysis. The system has
been modeled with ETAP (Electrical Transient Analysis
and Programme) software. The voltage level at each bus
and the losses that occurred in the transmission lines has
been simulated and tabulated. The impacts of integrating
the wind turbine generators along with the specified grid
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has been analyzed by choosing different scenarios such as
low wind, average wind and peak wind. The outcome of
the scenarios has been represented in the graphical
representation. Paper increased the plant load factor by
means of strengthening network for existing wind forms
and necessitates proper guidelines for upcoming wind
farms. Paper also dealt with modeling of WTGs to study
the impact in macro level.
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