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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 féar of
uncertainty on the grid and posses a lot of challges to the
power system planner and the utility operators in érms of
power system grid integrity (i.e.) power system shility,
power system security and power quality. This paper
discusses the various challenges (poor voltage pief over
loading of components, increase in loss, increaseshort
circuit rating, harmonics, maloperation of relays éc...) of
wind power when integrated into the grid and identfies
different mitigating strategies for its smooth integration. This
paper therefore enables the specifications for migation or
integration technologies to be appreciated and quaified.
The main objective of this paper is to reduce theokses and
loading, increasing the voltage profile by adding wad
turbine generator to Tamil Nadu grid in appropriate
location. The entire Tamil Nadu grid of 33 KV trangmission
line is to be modeled using the ETAP software (Eleatcal
Transient Analysis and Programme).

Smart grid aims at 20% renewable energy integrationto
the grid by 2020. Tamilnadu has already integratedmore
than 40% of wind into the grid. Since private entites are
encouraged to setup wind on their own for the pastwo
decades and nobody is to regulate the interconnéah, which
leads to unplanned growth which causes high lossegpor
voltage profile, high equipment loading etc. This lso reduces
plant load factor of wind farms drastically due to
unavailability of grid.

Paper aims at increasing plant load factor by meansf
strengthening network for existing wind forms and
necessitates proper guidelines for upcoming wind fes.
Paper also dealt with modeling of WTGs to study thémpact
in macro level.

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

. INTRODUCTION

The conventional energy sources are limited and lea
environmental pollutions. Efforts are geared towagdd
integration of renewable energy sources into a gaca
result of environmental concerns and the queserfi@rgy
security. Wind energy is the fastest growing andstmo
promising renewable energy sources among them beca
it is abundant, cheap, inexhaustible, widely disired,
clean and climate benign.

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

As dated on March 3rd 2013 installed capacity afdwi
energy is 7010MW. Tamilnadu has dispatched histbr
more than 3500 MW which shows the wind potenti
utilization and future expansions. Tamilnadu hagda

a

to the Grid

Ms. Sunitha F

wind potential in Palladam and Pollachi region atsthe
aralvaimozhi and kayathar is the major potentialvisfd
energy available in the southern region of Tamilnad

The major impact of wind turbine generators while
integration are voltage profile, transmission liogses and
equipment loading level. In 1991 Tamilnadu has Vesg
capacity of wind energy and it was the beginniragstof
wind plants in Tamilnadu. In 1996, wind contributibas
improved to a much extend because of private estiti
This scenario continued till 2006 and the powemfreind
was increased drastically. This period was genecalled
it as “booming period”.

Addition of wind starts saturated from the yea2007.
In 2012 only 30 MW is added which is nearly 0.05% o
total installed capacity. It shows the clear intara that
growth of wind mill will be questionable if adeqeateps
are not taken to improve the transmission network
strength. Total installed capacity in Tamilnadufap is
26,032 MW. For an optimal integration the voltagefite
should be good, transmission line losses and earipm
loading must be as low as possible. PLF could be
improved if the transmission bottlenecks and cotiviec
issues are taken care. Etap-12.6 software is used t
simulate the grid model with wind farms. Newton
Rapshon method is used to solve the load flow arsaly
considering the convergence of such large systefmoui
compromising accuracy.

[I. SYSTEM MODELING

Tamilnadu 33 kV transmission network with various
type of Wind Turbine Generators are considered
Simulation. Various scenarios are included suchreak
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 electrica
engineering to analyze power grids. It providealinear
system which describes the energy flow through each
transmission line. The problem is non-linear beeatie
power flow into load impedances is a function o€ th
Square of the applied voltages. Due to nonlineaiity
many cases the analysis of large network via ACeqrew

w model is not feasible, and a linear (but lassurate)

C power-flow model is used instead.

Usually analysis of a three-phase system is siragliby

ssuming balanced loading of all three phases.dgtea
state operation is assumed, with no transient @wy
power flow or voltage due to load or generationnges.
The system frequency is also assumed to be congtant
ff.jrther simplification is to use the per-unit syst&o
represent all voltages, power flows, and impedances
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scaling the actual target system values to someetoent and therefore including the reactive power balance

base. A system one-line diagram is the basis ttd kai equation would result in an additional unknown able.

mathematical model of the generators, loads, bumas$, For similar reasons, there are no equations writierthe

transmission lines of the system, and their elesitri Slack Bus.

impedances and ratings. In many transmission systems, the voltage anglese
The goal of a power-flow study is to obtain comelet gyally relatively small. There is thus a strongling

voltage angle and magnitude information for eachibla  petween real power and voltage angle, and between

power system for specified load and generator pealer o tive power and voltage magnitude, while thepling

and voltage conditions. Once this information i®WN, patween real power and voltage magnitude, as veell a

real and reactive power flow on each branch as a&ll  o5tive power and voltage angle, is weak. As alte=al

generator reactive power output can be analyticallyoyer is usually transmitted from the bus with leigh

determined. Due to the nonlinear nature of thisiero, voltage angle to the bus with lower voltage angled

numerical methods are employed to obtain a solutiah reactive power is usually transmitted from the kith

is within an acceptable tolerance. _ __higher voltage magnitude to the bus with lower amit

_ The solution to the power-flow problem begins withyagnitude. However, this approximation does nothol

identifying the known and unknown variables in th§nen the voltage angle is very large.

system. The known and unknown variables are depénde Tnere are several different methods of solving the

on the type of bus. A bus without any generatorgglting nonlinear system of equations. The mogufar
connected to it is called a Load Bus. With one ptoB, & js known as the Newton—Raphson method. This method
bus with at least one generator connected todalied a  pegins with initial guesses of all unknown variable

Generator Bus. The except?on is one arbitrarilpcted (voltage magnitude and angles at Load Buses artelgeol
bus that has a generator. This bus is referred theaslack angles at Generator Buses). Next, aTaylor Sesies i
bus. _ written, with the higher order terms ignored, farcke of

In the power-flow problem, it is assumed that teelr e power balance equations included in the systém

power PD and reactive power QD at each Load BUS &guations. The result is a linear system of eqoatthat
known. For this reason, Load Buses are also kn@WQ@ -an pe expressed as:

Buses. For Generator Buses, it is assumed thatetile AG AP
power generated PG and the voltage magnitude [V| is{ } =- '{ }
known. For the Slack Bus, it is assumed that tHege AV | AQ
magnitude |V| and voltage phase angle are known.Where AP and AQ are called the mismatch equations:
Therefore, for each Load Bus, the voltage magnituruts N
angle are unknown and must be solved for; for eadh’ = —Fi+ > Vil[Vil(Gixcosfhy + By sin i) (2.4)
Generator Bus, the voltage angle must be solvedHere =t
are no variables that must be solved for the SRk In a N
system with N buses and R generators, there ane2fhe  AG; — —@; + Y _ [Vi||[Vi|(Gisin 04 — D, cosOi) (2.5)
1)-(R-1) unknowns. k=t
In order to solve for the 2(N-1)-(R-1) unknownseri
must be 2(N-1)-(R-1) equations that do not intredaay
new unknown variables. The possible equations ¢oane _ ) L _
power balance equations, which can be writtendatand ~ 12milnadu is one of the state which is located in

reactive power for each bus. The real power balang@uthern corner of India and is surrounded by Aadhr
equation is: pradhesh, Kerala, Karnataka and Pondicherry.
N

_ Tamilnadu has installed capacity of thermal powkr o
0=-P+ EIWII"EI(GM cosii + Bigsin Oy) (2.1) 4420 MW, hydro power of 2240 MW, Other
whereP, is the net power injected at biys is the real Gas/Naptha/Diesel power of 2732 MW, other power
part of the element in thebus admittanc®lants of 806 MW and wind power of 7040 MW. Central
matrix YBUS corresponding to theith row and kthdovernment sector contribution to Tamilnadu is 8810
column,Gy is the imaginary part of the element in thdVW. Total installed capacity of power is 26,032 MW.
YBUS Corresponding to theith row and kth Co|umnTami|nadU has peak demand of 12,933 MW. Also TN has
and 8, is the difference in voltage angle between the itAf-Peak demand of 12,658 MW. Average demand of TN
is 13,366MW. Southern regional grid maintains th&tem
frequency of 50 Hz with tolerance of + or — 0.5 &fter

(2.3)

[ll. SysTEM NETWORK

and kth(@, =& —-J,). The reactive power balance

equation iS;\E implementation of Availability Based Tariff.
D= -0 A Aen (. — Biypcosii]
= +§_ IV[Val{Gusoin i = Bis cosbu} 22) Table | Generator data

Where Q the net reactive power is injected at bus|. Generator Scheduled | Voltage | Qmin | Qmax’
Equations included are the real and reactive poatmce Name Power MW kv MVAR | MVAR
equations for each Load Bus and the real powembala | Neyveli 210 11 0 130.03
equation for each Generator Bus. Only the real poweNeyveli-Ext 250 11 0 295
balance equation is written for a Generator Busabge | Kudamkulam 1000 21 0 484.32
the net reactive power injected is not assumee fanipwn | Tuticorin-ST4 500 21 0 242.71
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Tuticorin 500 21 0 242.71
Ind-Bharath 600 21 0 290.6 VOLTAGE
Coastal Ene 600 21 0 290.60 o o o -
Mettur 500 21 0 24217 @B B BB o~ B
Chennai 660 21 0 319.64 BUS1 . =
NortE Chennai 600 21 0 290.6p BUS3 E
Nort
ChennaiABAN 600 21 0 290.60 BUSS ; g
BUST —
All the generators are not allowed to operate react BUsS // p
power consumption mode because of stability issues BUS11 ( E
which will be dealt in separate paper. BUS13 =
BUS15 E
Table Il Transformer Data BUS17 ? E
Transformer | Rating HV  |LV Voltage| Impedance B
MVA | Voltage | kv in pu BUs19 o
KV BUSZ1 2l
Neyveli 250 400 11 0.14 BUS23 J ;
Neyveli-Ext 300 400 11 0.14 BUS25 , -
Kudamkulam | 1200 | _ 400 21 0.14 5
Tuticorin-ST4 560 400 21 0.14 | | =)
Tuticorin 560 400 21 0.14 o od
Ind-Bharath 670 400 21 0.14 = = g
Coastal Ene 670 400 21 0.14 E ﬁ =
Mettur 560 400 21 0.14
Chennai JV 740 400 21 0.14 Fig. 1. Simulation Result
North Chennai 670 400 21 0.14
North Chennai 670 400 21 0.14 This results in increasing the Plant Load Factoictvh
ABAN falls down due to unavailable transmission netwdrke
ETAP Load Flow Analysis module calculates the bus
Table [l Conductor Data voltages, branch power factors, currents, and pdoas
: Type RO X Y throughout the electrical system. ETAP allows foing,
Twin Moose (+Ve Seq) 01 04 0.00004 voltage regulated, and unregulated power sourceéls wi
Twin Moose (-Ve Seq) 0.1 0.4 0.00001 multiple power grids and generator connectionsislt
Twin Moose (Zero Seq) 0.1 0.4 0.0000L ’

- - - capable of performing analysis on both radial anabl
T Lof’id data is considered bas_ed on the daily r_erfort gystems. ETAP allows you to select from severdédiht
amilnadu from SRLDC website. Power factor is also . g e
considered based on the operating condition. m_ethods in order to achieve th? best calqulatmolerf!cy.
Fig 1 shows the voltage profile at various loadery
wind conditions. Table provided in the annexure 1
provides the voltage profile at various buses ardiihg.

. _ ) ) The study is repeated with many configuration and
Load flow analysis for the Tamilnadu grid withoutcontingencies to identify the optimal configuratidor
addition of wind farms provides result of very good-gnnecting the Wind Turbine Generators. Result show

voltage profile, less equipment loading and 1.3% Qhat optimal configuration reduce the losses toekeent

transmission line losses {i.e Wind generators arg 1894 in peak load conditions and about 11% during

considered as out of service}. o L peak load with average wind conditions. Resultsehav
Load flow result for Tamilnadu grid with additiorf 0 geyere impact on the financial viability of the jer since

Wind_ farms {50% of insta_llled _capacity is consid_e}red these values directly have an impact on decidingepo
provides poor voltage profile, high equipment loafl& oy acyation scheme of existing and proposed gemerato
line losses {1.8%}.

Load flow result for Tamilnadu grid with our probs
for transmission network with 50% of wind installed
capacity is studies. Result shows good voltagelprdéss
equipment loading and less line losses {1.4%}. IHoa
shows very high availability of transmission netiwor
during peak windy seasons.

V. SIMULATION RESULTS

V. CONCLUSION

A detailed analysis on the impacts of integratihg t
wind turbine generators with the Tamilnadu grid basn
presented in this project. A 33 kV transmissiorteryshas
been taken as an example for the analysis. Themsyisas
been modeled with ETAP (Electrical Transient Anilys
and Programme) software. The voltage level at dach
and the losses that occurred in the transmissiars Ihas
been simulated and tabulated. The impacts of iategy
the wind turbine generators along with the spetifieid
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