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ABSTRACT

ETAP (Electrical Transient Analysis Program) is the most comprehensive analysis tool for the
design and testing of power systems available. Using its standard offline simulation modules, ETAP
can utilize real-time operating data for advanced monitoring, real-time simulation, and optimization
and energy management systems. It is invented and started in California, USA from1986. It is widely
used for more than 30 years for power system studies across the world.

ETAP has been designed and developed by engineers for engineers to handle the diverse discipline of
power systems for a broad spectrum of industries in one integrated package with multiple interface
views such as AC and DC networks, cable raceways, ground grid, GIS, panels, arc flash, WTG,
protective device coordination/selectivity, and AC and DC control system diagrams.

The project is based on load flow analysis of power system using etap software. Load flow analysis
helps to determine the active power flow, reactive power flow, power factor, losses, bus voltage
profiles etc. in the system. The study also target to analyse the load flow result outcomes, its
improvement and mitigation.

Here, initially we have considered a simple SLD and modelled it in the etap software. Additionally, the
simulated results from the etap software for simple SLD are compared and validated with the manual
calculation also.

Further, the main SLD is constructed in etap with the detailed modelling of electrical equipment’s such
as grid, transformers, loads etc. The project is performed with consideration of two configurations
‘Normal Configuration’ and ‘One TR _Out Configuration’.

The load flow study results are simulated for various operating conditions (maximum, minimum and
normal) of generator and load. From the study results it is observed that during Minimum load flow
case overvoltage’s are observed at 0.415 kV LV buses Bus3 & Bus5 as 107.7 %. However, with
+2.5% tap setting of transformers T2 & T4 the voltages at Bus3 & Bus5 reduces within the voltage
violation limit of + 5%.

During maximum load flow case it is observed that transformer T1 is supplying power to all
downstream system of 6.6 kV and 0.415 kV (as the other two transformer’s T3 & T4 are out of service)
causes overloading of transformer T1. To overcome this situation, the transformer T1 & T3 ratings are
increased to 31.25 MVA using ONAF cooling; and OLTC tap limit to increased to £15%. With this
solution, it is observed that there is no overloading of any equipment an also the bus voltage profiles

are well within the acceptable limit of £5%.
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CHAPTER-1
INTRODUCTION

INTRODUCTION OF ETAP SOFTWARE

ETAP is the most comprehensive analysis tool for the design and testing of power systems
available. Using its standard offline simulation modules, ETAP can utilize real-time
operating data for advanced monitoring, real-time simulation, optimization and energy
management systems. ETAP is invented and started in California, USA from 1986. It is
globally in market for more than 30 years. It can run with Microsoft Windows 2012, 2016, 7,
8, 8.1 and 10 operating systems.

ETAP has been designed and developed by engineers for engineers to handle the diverse
discipline of power systems for a broad spectrum of industries in one integrated package with
multiple interface views such as AC and DC networks, cable raceways, ground grid, GIS,
panels, arc flash, WTG, protective device coordination/selectivity, and AC and DC control
system diagrams.

The ETAP software is available in following Multi-languages:
»  English

Chinese

Japanese

Korean

Russian

French

vV V V. .V IV VY

Spanish
» Portuguese

In ETAP, the following data exchange options are available for importing or exporting the
data

Import IEEE format
Import RAW format
Import SKM projects
Export Autocad file

Export Metafile

vV VvV Vv VY V V

Export to PSCAD

ir.aiktclibrary.org
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» Import & Export from Excel

The ETAP software has capability to perform studies used for different frequencies

» 50Hz-IEC

> 60 Hz - IEEE/ ANSI (in USA)

Various Models available in ETAP:

» One line diagram
Underground raceway system
Control system schematics
Cable sizing

Rail Traction system

Renewable system

YV VvV V VY V V

Integrate with real time system

One line diagram

» ETAP provides an easy to use, fully Graphical User Interface (GUI) for constructing

Base

i) File Edit View Project Library Rules Defoults Tools RevControl Real-Time Window Help

D2B|&[@ QAN |0 | EE #EHYE| S &85 8|r2|D Eanenda vl Stancad v

(0] E=slz]ze] v () (2222720 (R Ere| =e] =4

one-line diagrams.

Here we can graphically add, delete, relocate, connect elements, zoom in or out,
display grid off or on, change element size, change element orientation, change
symbols, change equipment/device color, create personalized viewing themes, hide or
show protective devices, enter properties, set operating status, etc.

oy VB dtvoelfill e 0 - N

v | [Bay] Study View v ElsudyView v [/ Nomal v =

i

B

i © \ 3

it

&) ' [

=]
ol 1>

B[© |[= |
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(] [ e

Figure 1 One Line Diagram created in ETAP
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Underground raceway system

» When we are designing a new system, this determines the proper size of cables to
carry the specified loads.

» When performing an analysis of an existing system, it examines cable temperatures
and determines their ampacities.

» The steady-state temperature calculation is based on the IEC 60287 or the NEC
accepted Neher-McGrath method.

Cable2

.'b-
.

M:

B = I
Figure 2 View of UGS system
Control system schematics

» The ETAP User-Defined Dynamic Models (UDM) program is a graphic logic editor
(GLE) interpreter tool which allows the creation of user-defined governor, exciter,
and Power System Stabilizer (PSS) models for synchronous machines, generic load
and wind turbine generator models.

Sz =f(Eﬂ)
1 X 1
T — A B
L+ 5T, g 1457, Ky +5T; B
VEam
sKy
(14 5T X1 +5T5,)

Figure 3 IEEE- Type 2 Exciter block diagram
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IEEE- Tvpe 2 Exciter block diagram modelled in ETAP UDM

| IEEE Type2 |
1.00
Vref
[+ 178 T = T
T = —r Rk T2 g1
Vit 0.005s + 1 . 0.03s+1 :5/5 Transfer Fen2
Transfer Fen Transfer Fenl .
Saturation
0.1s3% 118+ 1
Transfer Fcnd

Figure 4 IEEE- Type 2 Exciter modelled in ETAP using UDM feature

Cable sizing

It can perform the cable sizing study as per below standards:
» BS 7671
» 1EC 60364-5-52 (LV cable sizing)
» 1EC 60502 (HV cable sizing)
»=FEE 399
» NEC

Rail Traction system (e-trax)

» ¢TraX includes the most accurate, user-friendly and flexible software tools for
analysing and managing low and medium voltage rail power systems.

» Using advanced geospatial asset information, eTraX allows for the modelling,
simulation, prediction and optimization of rail infrastructure.

ir.aiktclibrary.org
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Figure 5 e-Trax system

Integrate with real time system

ETAP Real-Time integrates with existing metering devices, programmable logic controllers,
data acquisition, and archiving systems to provide the following exclusive features and

capabilities:

YV V Vv VvV V V V Y ¥ V. YV

DC System

Advanced monitoring, simulation, and control

Predict system response to operator actions

Fast, optimal, and intelligent load shedding, and restoration
System optimization, and automation

Demand-Side Management

Intelligent one-line diagrams

Multi-dimensional database

Time domain event playback with simulation capability
Integrated alarm, warning, and acknowledgement
Client-server configuration

Built-in redundancy, and automatic fail over

The DC power system is an integral part of the entire electric power system, providing power
to control circuits and backup power during emergency conditions.

It includes DC power sources, their distribution systems, and vital supporting systems that
supply power to critical equipment.

10
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A variety of DC components and AC-DC power conversion components are available to
model the DC power system, including:

>

YV VVYVY

>

DC battery

DC bus and node

DC cable

DC machine, static load, lumped load, and Composite CSD (CCSD) load

DC protective devices, such as circuit breaker, fuse, switch, and contact

DC composite network and DC composite motor

DC-DC converter

AC-DC power conversion components, such as charger/rectifier, inverter, and UPS

ETAP can perform following studies for DC system:

>
>
>
>

DC Load Flow Analysis

DC Short Circuit Analysis

DC Arc Flash Analysis

Battery Sizing & discharge Analysis

AC system studies

Following Offline AC system analysis can be done using ETAP:

» Load Flow Analysis

» Short Circuit Analysis
» Transient Stability Studies
» Harmonic Analysis
» Protection & Relay Co-ordination Studies
» Cable Sizing

» Transformer Sizing

Since Etap has incorporated all the necessary features for Electrical Studies, it is preferred

compared to other software’s.

11
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THREE KEY CONCEPTS
The program has been designed to incorporate following three key concepts:

1. Virtual Reality Operation

The program operation emulates real electrical system operation as closely as possible. For
example, when we open or close a circuit breaker, place an element out of service, or change
the operating status of motors, the de-energized elements and sub-systems are indicated on
the one-line diagram in gray.

Sub 3

Sub3 Swgr 4516 kV
|

CB14 A CB13

Pump 1
500 HP

B

MCC 3A

Figure 6 Component modelled in ETAP
2. Total Integration of Data

ETAP combines the electrical, logical, mechanical, and physical attributes of system
elements in the same database.

For example, a cable not only contains data representing its electrical properties and physical
dimensions, but also information indicating the raceways through which it is routed. Thus,
the data for a single cable can be used for load flow or short-circuit analyses (which require
electrical parameters and connections) as well as cable ampacity de-rating calculations
(which require physical routing data). This integration of the data provides consistency
throughout the system and eliminates the need for multiple data entry for the same element,
which can be a considerable time savings.

3. Simplicity in Data Entry

ETAP keeps track of the detailed data for each electrical apparatus. Data editors can speed up
the data entry process by requiring the minimum data for a particular study.

ETAP’s one-line diagram supports a number of features to assist us in constructing networks
of varying complexities.

12
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For example, each element can have individually varying orientations, sizes, and display
symbols (IEC or ANSI). The one-line diagram also allows us to place multiple protective
devices between a circuit branch and a bus.

IEC Elements & ANSI (IEEE) Elements

T
[k N ¢3¢ & || 3¢
2 | @) 2 | @@
ole| B | a2

3| || @@ i 1| @@l
| [ @® =] @&
3] e 3[3
Bl D® ¥|@| @®
;@g AE O |
ROJEC) s |
EEiR= IR
i R S=pat | 3
BRI B 5E

T MBS
R@|| &% B @) @<
HE E]= HEREE
gl ole JES R
!¢:>?J7 DB
'EEE-"'* = ] S =T
e | e
Eel

@ =]

Figure 7 IEC Elements & ANSI Elements View in ETAP

Presentation View

» ETAP provides us with a variety of options for presenting or viewing the electrical
system. These views are called presentations.

» The location, size, orientation, and symbol of each element can be shown differently
in each presentation.

13
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» Additionally, protective devices and relays can be displayed (visible) or hidden
(invisible) for any particular presentation.

For example, one presentation can be a relay view where all protective devices are displayed.
Another presentation may show a one-line diagram with some circuit breakers shown and
the rest hidden (a layout best suited for load flow results).

» Relay View

Network feedex
S00 MVAsc

R1

Utility Bus

R3
> I>> I>>>

ars & R GenB
CE23
cB22 TSR | ahal o
Fuse C3 CB A1 " .Y
conT1 o8
va
Y Syn Motox LV Bus | __
PECA Ind M1 Ind M2 000"y
450 kvar 2000 kW 2%2000 kW <| |>

0O

LV Network2

DC Network

Figure 8 Relay View

14
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> One line diagram view

33 xV
S00 MVAsc
Network feederx
%
Utility Bus
CB1 33 kV
= o
- -]
S :g 4 GenB
S04 % 3.25 M@ Xfmx03
6.6 kxV ¥¥a 10/5/3 MVA
-2.5% TapP CB23Q mp
Xfmr01
Dyn1 @ 15 MVA
TS
0w 4.5 MVA
J Bus C
. enes 11 %v e e giSe 11 v
Fuse C3 (L d
ETHT o] o
CB A1 2
YNyn0 Xfme2 Xfmx04
2.5 MVA i: g) Y % Network2 . Nyn0 2500 kVA
Y
LV B | , PFCA Ind M2 Syn Motox LV DR
0.65 kV 450 kvar Ind M1 2x2000 kW 2000 kW 0.4 XV
‘['j 2000 W
LV Netwoxk2 Ind M1 %
2000 kW DC Betwork
FLA=1234
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Figure 9 One line diagram view
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CHAPTER-2

ABOUT LOAD FLOW STUDY
The ETAP Load Flow Analysis module calculates the

» Bus Voltage Profiles and Phase Angles at each bus
Voltage Drops

Total Generation & Power Demand

Branch losses

Branch Power Factors

Branch Currents

Active, Reactive and Apparent power Flows throughout the electrical system

YV VYV V YV V¥V VY V

Transformer LTC Settings

ETAP allows load flow analysis 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 us to select from several different methods in
order to achieve the best calculation efficiency.

ETAP provides four load flow calculation methods:
» Newton-Raphson and Adaptive Newton-Raphson Method

The Newton-Raphson method formulates and solves iteratively the following load flow equation:
APTY, J,] [46
A, J | |av

o AP and AQ are bus real power and reactive power mismatch vectors between
specified value and calculated value, respectively;

o AV and Db represents bus voltage angle and magnitude vectors in an incremental
form; and

o J1 through J4 are called Jacobian matrices.

where :-

» Fast-Decoupled Method

The Fast-decoupled method is derived from the Newton-Raphson method.

16
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It takes the fact that a small change in the magnitude of bus voltage does not vary the real power at
the bus appreciably, and likewise, for a small change in the phase angle of the bus voltage, the
reactive power does not change appreciably.

Thus the load flow equation from the Newton-Raphson method can be simplified into two separate
decoupled sets of load flow equations, which can be solved iteratively:

[8P]=[4]49]
[2Q)=[4 Jav]

> Accelerated Gauss-Seidel Method

From the system nodal voltage equation
[1=[Yess V]

the Accelerated Gauss-Seidel method derives the following load flow equation and solves it
iteratively:

[P+ Q] =[V7 [Yeus [¥']

These methods possess different convergent characteristics, and sometimes one is more
favourable in terms of achieving the best performance. We can select any one of them
depending on our system configuration, generation, loading condition, and the initial bus
voltages.

In this project the Adaptive Newton-Raphson method is used for load flow calculations.

17
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CHAPTER-3

VALIDATION OF ETAP RESULTS WITH MANUAL CALCULATION

The simple SLD as shown below, is modelled in the ETAP. The load flow analysis is
performed on the considered SLD. The output results of ETAP are validated with the hand

calculation. Following is the list of inputs considered in the study:

Inputs Required:

Sr. No  Grid Data

1. Rating 3% kV

Sr. No Load Data

1. Voltage 6.9 kV

2. MVA Rating (S) 14 MVA

3. Pf 0.85 PU

4. Active Power (P) 1149 MW (S* cos phi)

5. Reactive Power (Q) g Vb MVAR  (P* tan phi)

6. Current (I) LELL S A ifsc/)ltage) .82
Sr. No- Transformer Data

Il MVA rating 23 MVA

2 Impedance (%) 10 %

35 X/R ratio 9999

4 Reactance (%) 10 o S;;E:ilxczieersl;ls%emp B
5 Resistance (%) 0.001 % Negligible

Calculation for Base values:

Sr. No Calculation for Base values

1. MVA base 25 MVA

2 kV base 6.9 kV

3. Z base 1.904 ohm kV "2/ MVA

4 Z actal for 460 by Zact=Zpu*Zbase

transformer

Voltage drop and loss calculation in transformer:

Sr. No  Voltage drop and loss calculation in transformer
1. Sending end voltage (Vs) 6.9 kV

2. Voltage drop 0.223 kV (Load current

ir.aiktclibrary.org
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[*Zact)
3. Receiving end voltage (Vr)  6.677 kV Vr=Vs-Vdrop
4. Actual Load Current (lact) 1210.61 A
837.31 kVAR 3 *Ilact’ * Zact
5. Actual 3 phase losses
0.837 MVAR
Power Flow at the grid:
Sr. No Power flow at the grid
=Load MW

(pure reactive system,

1. Active Power (P) 119 MW .
hence real power loss is
Zero)
=Load MVAR + losses

2. Reactive Power (Q) 8212  MVAR = 7.375+0.837
=8.212 MVAR

From above, the hand calculated load flow results can be summarized as follows:

Table 1 Hand calculated load flow results

;l;; Hand calculated load flow results

1. ' Actual Load Current (lact) 1210.61 A
837.31 KVAR

2. | Actual 3 phase losses 0.837 W

3.  Active Power (P) 11,9 MW

4.  Reactive Power (Q) 8.212 MVAR

Simulation results in ETAP software:
The below figure shows the real and reactive power flows, current flow in the system.

Table 2 Simulation results in ETAP software

Sr.

ETAP results
No
1. Actual Load Current (lact) 1209.8 A
2. Actual 3 phase losses 836.19 kVAR
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0.836 MVAR

3. Active Power (P) 11.9 MW
4. Reactive Power (Q) 8.211 MVAR
U2
u2 0 MVAsc
BUSG Bu56 11900 kW 33 xv
¥11900 kW
8211 kvar
A A
TS
TS
25 MVA E%% 25 MVA
33/6.9 kv
- Dynll ﬁ
1 = [0.1 kW,836.1 kvar]
) 4
Bus7 gu;7kv 6 .68% k
6.9 kv i
¥11900 kw
7375 kvar
6%% LumpS
LumpS 14 MVA
14 MVA

Figure 10 Active & Reactive power results in ETAP
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U2
0 MVAsc
Busé6 g
33 kv [4252.9 A 33 ¥
¥252.9 A
TS5
25 MVA
3 [0.1 kW, 836.1 kvar]
Bus7 xv
6.9 kv 6.6%>
¥1209.8 A
LumpS
14 MVA

Figure 11 Load current results in ETAP

Comparison between ETAP simulated results and Manual calculated results:

Table 3 Comparison between ETAP simulated results and Manual calculated results

Sr. D inti Manual
No escriptien calculated results
Actual Load Current
1. (lact) 1210.61
837.31
2. Actual 3 ph /
ctual 3 phase losses 0.837
3. Active Power (P) 11.9
Reactive Power (Q) 8.212

ETAP
results

1209.8

836.19
0.836
11.9

8.211

Unit

A

kVAR
MVAR
MW
MVAR

By above table it is observed that, the ETAP load flow analysis results and Manual calculated
results are matches with each other. Hence validation of ETAP software results is done.
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CHAPTER-4

SIMULATION IN ETAP

When we create a new one-line diagram presentation, we are initially in Edit Mode with the
configuration status set to Normal, the default condition. The inputs considered for the study

are as follows:

COMI;ODNEN T pIscripTION RATING
33KV

ul S SWING OPERATING MODE
25 MVA,
33/6.9 KV,
TYPICAL % Z,

T1 & T3 TRANSFORMER oot W L8 0 o,
DYNI1,
OLTC: + 10%, 1.25 % STEPS
2.5 MVA,
6.6/0.433 KV,

T2 & T4 TRANSFORMER = TYPICAL %Z,
TOLERANCE 10 %,
DYNI11
14 MVA,

Egﬁgﬁ T LOAD 0 .85 PU POWER FACTOR,
6.6 KV
1 MVA,

Egﬁii 2 LOAD 0.85 PU POWER FACTOR,
0.415 KV

BUSI BUS 33KV

BUS2 & BUS4 BUS 6.6 KV

BUS3 & BUS5 BUS 0.415KV

The above mentioned inputs for each element are entered in etap and the load flow study is

performed.

1. Modelling of grid

The 100 % grid voltage is considered as 33 kV. And the grid operating mode is
considered as swing source. In etap following operating modes for source are

possible.

» Swing (%V and angle)

For load flow studies, a swing power grid will take up the slack of the power flows in
the system, i.e., the voltage magnitude and angle of the power grid terminals will

remain at the specified operating values.

ir.aiktclibrary.org
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There must be at least one swing machine (power grid or synchronous generator)
connected to any isolated subsystem in the one-line diagram. We can have multiple
swing machines connected to any bus in the system.

Any element that is connected to a swing machine is displayed as an energized
element in the one-line diagram and will be included in for studies. Also, the rated
voltage (kV) of a swing machine is used as the base kV of the connected bus. The
base kVs of the rest of the system are then calculated using transformer turn ratios..

» Voltage Control (%V and MW)

A power grid can be selected as a voltage control (regulated) system, which means
that the power grid will adjust its Mvar output to control the voltage. Therefore, the
terminal voltage magnitude, operating real power (MW), and minimum and maximum
allowable reactive power supply (Max Q and Min Q) must be entered for voltage
control power grids. A voltage control power grid means that the power grid is base
loaded (fixed MW) with an Automatic Voltage Regulator (AVR) controlling the
terminal voltage to a constant value. During load flow studies, if the calculated Mvar
falls outside the Mvar capability limits (Max Q or Min Q limit), the value of the Mvar
will be set equal to the limit and the power grid mode is changed to Mvar control.

» Myvar Control (MW and Mvar)

Using this option we can specify the amount of fixed MW and Mvar generation in the
Rating page of the Power Grid Editor. An Mvar control power grid means that the
power grid is base loaded (fixed MW) with a fixed Mvar generation (no AVR action).

> PF Control (MW and PF)

Setting the power grid in Power Factor (PF) Control allows us to specify the MW
output as a fixed value on the Rating page. The Power Factor is also specified, ETAP
calculates the out Mvar of the grid into the system.

Ul
33 kV

Busl
33 kV
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' Info Rang[ShortCm.n HammclReiabityl&etgyPnoelRanaklemert
| 33kV Swing
Info g
Revision Data
ID |
I Base
Bus .| N Condttion
®In
Service .
ervice ) 0u
Connection State | Asbuit =
(® 3 Phase () 1 Phase
Equipment Configuration
Tag#l_r_ L TR101 TV RIEh l Nomal
. L i ] TN Mode
ame foo. [l | [ I @ Swing
2 o e e = = I R (O Voltage Control
scription | | O Mvar Cantrol
e 2 () PFCortrol

Figure 12 Modelling of swing source

2. Modelling of transformers:

> Positive and Zero Sequence Impedances

These are the positive and zero sequence impedances at the nominal tap setting, in percent,
with the transformer MVA and kV ratings as the base values. These values are subject to
manufacturer tolerance limits and tap position.

ETAP models the transformers in the system using the positive and zero sequence
impedances. ETAP takes the voltage of the swing bus (a bus with a connected swing
machine) as the base voltage. It then calculates the system base voltages using the
transformer turn ratio. If the transformer turn ratio matches the ratio of the base kVs of the
buses between which it is connected, but the actual numbers are not the same (e.g., the
primary bus base kV is 13.8 and the secondary bus is 4.349 kV, while the transformer kV
ratings are 13.2-4.16 kV), ETAP adjusts the nameplate impedance to a new base with the
following formula:

Zi new = Zi, rated * (Transformer Rated kV/Bus Base kV)2
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Reliability | Remarks Comment
. Info }M[hpedmlTapIGmncthSmglPMednoanm
| 25MVA IEC Liquid-Fill Other 65C 33 69kV
Voltage Rating Z Base
kV FLA Bus kVnom
Pim. | 33 [ 4374 [ 3 A
se. [ 69 | [20%2 66 B
Other 65
Power Rating Alert - Max
MVA MVA
Rated | 25 | 31.25
Other 65 -
© Derated MVA
Derated [_?5— @ User-Defined

Figure 13 Modeling of two winding transformer

» Typical Z and X/R and Typical X/R

We can click the appropriate button to obtain the typical 2-winding transformer impedance
together with X/R ratio, or X/R ratio only. The typical impedance and X/R ratio data for IEC
2-winding transformers are based on IEC 60076-5 1994 and Areva Ch.5 “Equivalent Circuits
and Parameters of Power System Plant” listed in the table below:

Table 4 Typical Z and X/R and Typical X/R ratio

([ 4 N %z W XR
MVA £0.63 4 1.5
0.63 <MVA <125 5 35
1.25<MVA =315 6.25 6
3.15<MVA <63 7.15 85
63<MVA<125 8.35 13
125<MVA <25 10 20
25 <MVA £200 12.5 45
200 < MVA 12.5 45
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’ Reliabilty [ Remarks [ Comment |
| Info ] Rating | Impedance . Tep [ Grounding [ Sizing l Protection l Hamonic |
| 25 MVA IEC Liquid-Fill Other 65C 33 69kV
Impedance Z Base
%W  XR  RX WX ¥R VA
Posttive 10 20 0.05 9.988 0.499
B | 25
Zero 10 20 005 | | 9.988 0.499 OOther 65

Typical Z&X/R || Typieal XR |

Z Variation Z Tolerance
%z % Z Vanation
5,29, Tap 1= ) o ] g
gt | . i 10 |%
@ 5 %Tap 110 b 0

Figure 14 Modeling of two winding transformer impedance
» Z Tolerance

We can enter the transformer impedance tolerance as a percentage of the nominal value in
this field. This value should be zero for an existing transformer with a known impedance
value. For a new transformer with a designated impedance value this should be the
impedance tolerance range specified by the manufacturer. The value of the tolerance must be
entered as a positive value and ETAP will automatically use the positive or negative value,
which will result in a conservative solution.

Table 5 Transformer Z Tolerance

UM B AN Tolerance
Negative Positive

Load Flow i X
Short-Circuit X

Motor Starting X
Transient Stability X
Harmonics X
Optimal Power Flow X
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For example, if 7.5% tolerance is specified, ETAP will use +7.5% tolerance for load flow,
motor starting, dynamic stability, and harmonic calculations, while using -7.5% for short-
circuit calculations.

» Tap changer
The purpose of a tap changer is to regulate the output voltage of a transformer. It does this by
altering the number of turns in one winding and thereby changing the turns ratio of the
transformer. There are two types of transformer tap changers: an on-load tap changer (OLTC)
and a fixed or off circuit tap changer (OCTC).

An OLTC varies the transformer ratio while the transformer is energized and carrying load.

An OCTC is a tap changer that cannot be moved while the transformer is energized. It often
has 5 positions (A,B,C,D.E, or 1,2,3.4,5).

In this example the 25 MVA transformers are considered with OLTC as: + 10% voltage
variation and 1.25 % step size

e

Regulated Bus
BuslD (Bus2 I i

Voltage Control
Upper Band | : q.857 %

Voltage 100 % |
LowerBand 065 %

Time Delay

Tap
l’_ %Tep | kv Tap Initial
Min| 10 [ 297 R

Max. L 10 36.3 # of Dperating
Taps [ 1l

step| 125 |[To4127 7|2
I Help 0K Cancel I

Figure 15 Modelling of On Load Tap Changer (OLTC)
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I Upper Band
< Desired V oltage

e

The upper band and lower band together define the dead band for the LTC. As shown in the
diagram, when the voltage of the regulated bus falls within the dead band (green area), the
LTC will not move. If the voltage of the regulated bus is higher than the Upper Band or less
than Lower Band, the LTC will make a step adjustment to control the bus voltage close to its
desired value.

In order for the LTC to work properly, ETAP forces the sum of the upper and lower bands to
be larger than or equal to the LTC step.

3. Modelling of lumped loads

ETAP allows user to model three different types of loads:
1. Motor load

2. Static load

3. Lumped load

» Constant Power Load (Motor Load)

Constant power loads include induction motors, synchronous motors, conventional and
unbalanced lumped loads with % motor load, UPS’s, and chargers. The power output remains
constant for all changes in input voltage. Below are the respective I-V and P-V curves for a
constant power load:

A4 I &
P Running Motor
Powersoutput M(O,[O' L(t)ad T
urren co
% X % se» V
Vmin Vmax V Vmin Vmax oM tk:lz

Figure 16 I-V and P-V curves for a constant power load

» Constant Impedance Load (Static Load)
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Constant impedance loads include static loads, capacitors, harmonic filters, MOV’s, and
conventional and unbalanced lumped loads with % static load. The input power increases
proportionally to the square of the input voltage. Below are the respective I-V and P-V curves
for a constant impedance load:

A [ a
P Busé

L.oad 6.6 XV
Load Input Current
Power

/

> » Load2
\.’ \," 0 MVA

Figure 17 I-V and P-V curves for a constant impedance load

» Combination of constant power load and constant impedance load (lumped
load)

We can select the percentage motor and static loading of the lumped load by shifting the
slider position. When the rated motor load or static load at the respective bus is not known,
ETAP allows user to model the load as combination of motor and static load. If the slider is
set to 100% RHS side the load will act as a constant power load. Also, if the slider is set to
100% LHS side the load will act as a constant impedance load.

Load Type
Constant kVA
0 [1007% 100
[
100 1 e 0
Constant Z

29

ir.aiktclibrary.org




IR@AIKTC-KRRC

Info | Nameplate | Short-Circuit | Dyn Model | Reliability | Remarks | Comment |

[ 14MVA 6.6kV (100% Motor 0% Static)
Model Type
Rated kV
Conventional vl [ 68
Ratings Load Type
Constant kVA
| MVA | MW Mvar % PF Amp 0 |1oo %
[ 14 | [ nse |[737m J[ 85 || 1225 |
100 [0 %
Constant Z

Figure 18 Modelling of Lumped Load
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CHAPTER-5

EXAMPLE CONSIDER FOR LOAD FLOW STUDY

For the below shown SLD two configurations are studied:
1. Normal Configuration:

In this case, all the transformers are in working condition, bus coupler is

considered as open and the power is supplied to the HV & LV loads through the
transformers T1-T2 & T3-T4 radially.

2. One TR Out Configuration:

In this case, transformers T3 & T4 are considered as out of service condition, bus
coupler is considered at HV & LV bus is closed and the power is supplied to the
HV loads through transformer T1 & LV loads through the transformers T2.

Ul
Busl
33 kV

A P
T1 T3
25 MVA 25 MVA
3376.9 kV 38/6 8%
Bus2 ] ca4 [] CB3
& Bus4
6.6 kV 6.6 kV
T2 T4
Lumpl 2.5 MVA 2.5 MVA Lump2
14 MVA €.6/0.433 kV 6.6/0.433 xv 14 MVA
cB6 ) cBs J -
Bus3 BusS
0.415 kV 0.415 kV

L 4
L WA T

Figure 19 Normal Configuration
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Ul

Busl
33 kxV
T1 I3
25 MVA 25 MVA
33/€.9 kxV 33/6.9 kV
[] CB4
Bus2Z
o Bus4
€.6 Xk 6.6 X
CB1
I
o

kL2 T4
Lumpl 2.5 MVA 2.5 MVA Lump2
14 MVA €.6/0.433 xV 6.6/0.433 kxV

cB6 )
Bus3 Buss
0.415,.kV 0.415 kxV
CB2
~
Lump3 Lump4
1 MVA 1 MVA

Figure 20 One TR _Out Configuration

+* Loading Category:

This group is used to assign a percentage loading to each one of the ten loading categories
for the lumped load, i.e., each lumped load can be set to have a different operating
loading level for each loading category. We can select any of these loading categories
when conducting load flow study. The following three loading categories are considered:

LOADING
CATEGO™S LOAD FACTOR (%)
MAX LOAD 90
NORMAL LOAD 70
MIN LOAD 40

+» Generation Category:

This group is used to assign the different power settings to each of the ten generation
categories for the power grid. Each grid can be set to have a different operating power
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level for each generation category. Depending on the operation mode, some of the
values become editable as follows:

GENERATION

CATEGORY SOURCE VOLTAGE (%)
MAX GEN 110
NORMAL GEN 100
MIN GEN 90

< Load Flow Study Cases:

Considering Above loading and generation categories the possible load flow cases are
3X3=9. Among all these cases the following worst cases are monitored for the study.

;l(l) LOAD FLOW STUDY LOADING GENERATION
CASES CATEGORY CATEGORY
1.  MAX LFS MAX LOAD MIN GEN
2. NORMAL LFS NORMAL LOAD NORMAL GEN
3. MIN_LFS MIN LOAD MAX GEN

The shortlisted above study cases are then run with the configuration considered i.e.
Normal & One TR Out configuration

LOAD FLOW STUDY
SR. NO. LIRS CONFIGURATION
1. © MAX_LFS ONE_TR OUT
2. NORMAL LFS NORMAL
3. MIN.LFS NORMAL

The unique report ID used for each load flow cases are:

SR.
LOAD FLOW
NO | oty CAlTY CONFIGURATION REPORT ID
.  MAX LFS ONE TR OUT MAX LFS RPT
2. NORMAL LFS NORMAL NORMAL LFS RPT
3.  MIN_LFS NORMAL MIN LFS REPORT
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LOAD FLOW STUDY CRITERIA

e System Voltage Variation Criteria:
At all running loads under normal and single outage operating conditions, the voltages
should be held constant within a tolerance of +5%

e System Power Factor Criteria:
The overall system power factor at the terminals of generating source (grid), shall not
be less than 0.80 lagging power factor.

e Transformer Tap Criteria:

All Transformer tap ranges should be adequate to ensure that voltages on their
secondary side are maintained within limits even under the worst loading conditions
associated with single circuit outages.

e Equipment Loading Criteria:

At all running loads under normal operating conditions the loading of cables &
transformers should not be more than 50%. And during single outage operating
conditions the loading of cables & transformers should not be more than 100%.
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LOAD FLOW STUDY RESULTS
1. Normal load flow case results:
U1
Busl 17907 kW o
33 xV 412144 kvar 20
¥8954 X ¥3954 W
6072 kvar 6072 kvar
A VAN
oy T3
25 MVA @ 25 MVA
33/6.9 kv 33/6.9 kV
Bus2 CJcB4 B [ cB3
6.6 XV 400 s.zs:v 300-%
¥8330 W ¥597 kW ¥597 kW ¥3330 kW
5162 kvar 382 kvar] 382 kvar 5162 kvar
il A
Lumpl 2.5 MVA 2.5 MVA Lump2
14 MVA 6.6/0.433 kV @ 6.6/0.433 Ky 14 MVA
e ) cBs ) -
Bus3 BusS
0.415 XV 3033 0.415 XV 3033
¥595 kW ¥595 X
369 kvar 369 kvar
Lump3 @
1 MVA fﬁ‘
Figure 21 Normal Load Flow case results
Alerts:
No alerts are observed during normal load flow study.
2. Minimum load flow case results:
35
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U1
Busl 4254 xW .
33 kxV 42698 kvar pts

2127 xW 2127 xW
1349 kvar 1349 kvar
T1 T3
25 MVA 25 MVA
33/6.9 kV 33/6.9 kV
Bus2 [Jce4 . e []cCB3 .
us
6.6 XV 103-% 6.6 XV 303
+1785 W ¥341 xw ¥341 kW ¥1785 kW
1106 kvar 215 kvar] 215 kvar 1106 kvar
“I’_I.) [ A=)
T2 T4
Lump1 2.5 MVA 2. & MVA Lump?2
14 MVA 6.6/0.433 XV 6.6/0.433 kv 14 MVA
CB6 4} cBs BF=."
Bus3 65% BusS 65%
0.415 XV £\ L 0.415 kV 107~
¥340 [XW ¥340 xW
211 kvar 211 kvar
Lump3 L 4
1 MVA 1 munp
Figure 22 Minimum Load Flow case results
Alerts:
Following alerts are observed during minimum load flow study:
Critical
Device ID Type Condition Rating/Limit Operating % Operating
Bus1 Bus Over Voltage 33kV 36.3 110
Bus3 Bus Over Voltage 0.415kY 0.447 107.7
BusS Bus Over Voltage 0.415kY 0.447 107.7

Table 6 Minimum Load Flow case results

SR. DEVICE CON OPERATING % OPERATING
NO ID DITION VOLTAGE [kV] VOLTAGE
1. BUS 1 OVER VOLTAGE 36.3 110
2. BUS 3 OVER VOLTAGE 0.447 107.7
3. BUS 5 OVER VOLTAGE 0.447 107.7

By above results it is envisaged that, during minimum load flow case, the
overvoltage’s are observed at Busl, Bus3 & Bus5 as 110%, 107.7 % & 107.7 %
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respectively. Among this the Busl overvoltage can be ignored as busl is directly

connected to generating grid.

3. Maximum load flow case results:

U1
Busl 23157 kW .
33 xV +18126 kvar 90
¥23157 kW
18126 kvar
7~ T I3
Y=l 25 Mva 25 MVA
\_/ 33/6.9 xv 33/6.9 kV
. [] CB4
Bus2 B 4
us
6.6 XV g6-2% 6.6 kV %62
+10710 kW %1547 xW |¥10710 kW +10710 kW
6637 kvar 1051 kvar6637 kvar CB1l 6637 kvar
il ¥ W
J
T2 T4
Lumpl 2.5 MVA 2.5 MVA Lump2
14 MVA 6.6/0.433 XV 6.6/0.433-kv 14 MVA
CB6 ) -
Bus3 % BusS £
.6A .64
0.415 XV % 0.415 kV 96
+765 W |¥765 kW ¥765 kW
474 kvay 474 kvar CB2 474 kvar
~
Lump3 L@umptl
1 MVA 2 MVA
Figure 23 Maximum Load Flow case results
Alerts:

Following alerts are observed during maximum load flow study:

Ciitical
Device ID Type Condition Rating/Limit Operating % Operating
Bus1 Bus Under Voltage 33kV 297 90
m Transformer Overload 25 MVA 29.408 1176

SR. NO | DEVICE ID
1 BUS1
T1

ir.aiktclibrary.org

Table 7 Maximum Load Flow case results

CONDITION
UNDER VOLTAGE
OVERLOAD

OPERATING VOLTAGE / MVA
29.7 KV

29.40 MVA

% OPERATING VOLTAGE / MVA
90 %
117.6 %
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By above results it is envisaged that, during maximum load flow case, the under-
voltage is observed at Busl (90%). However, Busl under-voltage can be ignored
as busl is directly connected to generating grid. Transformer T1 is overloaded
with 117.6% and operating at 29.40 MVA. The MVA rating of transformer T1 is
25 MVA.
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«» Load Flow Study Mitigation/ Recommendation:

From all the three worst cases performed it is noted that, the system is working properly for
only Normal operating scenario. The mitigation / recommendation needs to be find out, to
resolve the alerts observed during Minimum and Maximum load flow cases.

1. Mitigation for Minimum Load Flow case

For Minimum Load Flow case overvoltage’s are observed at 0.415 kV LV buses
Bus3 & Bus5 as 107.7 %. We need to control the bus voltage magnitude in + 5%
limit as per the load flow criteria defined. One of the adoptive method to control
the bus voltage magnitude in limit under all variable load condition is to introduce
a tap changer for a transformer.

Transformers T2 & T4 are supplying the voltages to Bus3 & Bus5 respectively. It
is recommended to add fixed tap changer with voltage variation limit of + 5% with
2.5% step size at transformers T2 & T4.

The following results are observed when the fixed tap changer tap is set to +2.5%
for transformers T2 & T4.
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8
U1
Busl 4254 kW o%
33 kxV 42698 kvar pts
2127 xW 2127 xW
1349 kvar 1349 kvar
T1 T3
25 MVA 25 MVA
33/6.9 XV 33/6.9 kV
CB4
Bus2 - = Bus4 []cB3 N
us
6.6 XV 103-% 6.6 kV 303-%
+1785 kW ¥341 xw ¥341 xw +1785 kW
1106 kvar 215 kvar] 215 kvar 1106 kvar
A A
T2 T4
Lumpl 2.5 MVA e wa Lump?2
14 MVA 6.6/0.433 kV €.6/0.433 xv 14 MA
cBe ) cBs ) 3
Bus3 99% BusS K
0.415 XV 308 0.415 kV 308
¥340 kW ¥340 xW
211 kvar 211 kvar
Lump3 L
ump4
1 MVA 2 MUA

Figure 24 Minimum load flow case with fixed tap set to +2.5% for transformers
T2 & T4

It is observed that, with +2.5% tap setting of transformers T2 & T4 the voltages at Bus3 &
Bus5 is 104.99 % which is well within the voltage violation limit of £+ 5%.
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Busl

17907 kW

o%
33 kxV 412146 kvar 20
¥8954 XW ¥3954 W
6073 kvar 6073 kvar
T1 13
25 MVA 25 MVA
33/6.9 kv 33/6.9 kV
A 1
CB4
Bus2 - Bus4d [] cB3
s us S
6.6 XV 300 6.6 XV 200
¥8330 kW ¥597 kW ¥597 kW ¥3330 kW
5162 kvar 383 kvar 383 kvar 5162 kvar
T2 T4
Lumpl 2.5 MVA 2.5 MVA Lump2
14 MVA 6.6/0.433 kV 6.6/0.433 kv 14 MVA
cB6 ) cags ) E &
Bus3 ne BusS ne
0. 5
0.415 kV X0 0.415 XV 300
¥595 kW ¥595 kW
369 kva 369 kvar
Lump3 L 4
1 MVA &

1 MVA

Figure 25 Normal load flow case with fixed tap set to +2.5% for transformers T2
& T4

It is observed that, with + 2.5% tap setting of transformers T2 & T4 the voltages at Bus3 &
Bus5 are 100.72 % during normal load flow case.

Hence optimum tap position for transformers T2 & T4 is +2.5 %.
2. Mitigation for Maximum Load Flow case

For Maximum Load Flow case it is observed that transformer T1 is supplying power to all
downstream system of 6.6 kV and 0.415 kV, as the other two transformer’s T3 & T4 are out
of service. This causes overloading of transformer T1. It can be recommended to reduce the
load demand for this case (as one parallel transformer is out of service). But reduction of load

is not the practical solution. Hence it is recommended to increase the size of the transformer
to avoid the overloading of it.

By adopting ONAF (Oil Natural Air Force) type cooling, the 25 MVA transformer can be
used upto 31.25 MVA loading. The following scenarios are performed with consideration of
transformer T1 rating as 31.25 MVA and % impedance Z increases to 12.5 %. In this
scenario the transformer T2 and T4 are considered with fixed tap changer set to +2.5%.

41

ir.aiktclibrary.org




IR@AIKTC-KRRC

U1

Busl 23052 kW o

33 kxV +18111 kvar 90
+23052 kW
18111 kvar
T1 T3
31.25 MVA 31.25 MVA
33/6.9 kV 33/6.9 kV

> [] CB4
Bus2 Bhua N
%

6.6 kV 96-5* 6.6 kV o8-
¥10710 kW +1548 kW [¥10710 Xd +10710 kW
6637 kvar 1056 kvar€637 kvar CBl1 6637 kvar

M
g
T2 4
Lumpl 2.5 MVA 2.5 MVA Lump2
14 MVA 6.6/0.433 XV 6.6/0-433 kv 14 MVA
cB6 ) -
Bus3 £y BusS %
az a2
0.415 kV 9% 0.415 kV 9As
765 kW V765 xW 765 kW
474 kvay 474 kvar CB2 474 kvar
~
Lump3
1 MVA

Figure 26 Maximum load flow case with T1 & T3 transformer rating increased to 31.25
MVA, %Z=12.5%, OLTC with £10%, step size=1.25

The under-voltage is observed at LV buses Bus3 and BusS5. Hence increasing the transformer
T1 and T3 OLTC limit to £15% with step size=1.25.
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&

U1l
Busl 23045 kW .
33 xV 417857 kvar 90
+23045 kW
17857 kvar
T1 T3
31.25 MVA 31.25 MVA
33/6.9 kV 33/6.9 kv
& [] CB4
Bus2 Bus4
6.6 XV 99-8% 6.6 XV 99-8%
¥10710 kW +1547 xW |¥10710 kW ¥10710 kW
6637 kvar 1048 kvajr6637 kvar CBl 6637 kvar
{}
T2 T4
Lumpl 2.5 MVA 2.5 MVA Lump2
14 MVA 6.6/0.433 kV 6.6/0.433 xv 14 MVA
CBgWA" f o
Bus3 % BusS ®
0.415 XV g1-% 0.415 kV q1->
+765 kW |¥765 kW +765 kW
474 kvary 474 kvar CB2 474 kvar
o

Lump3 Lump4
1 MVA 1 MVA
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Figure 27 Maximum load flow case with T1 & T3 transformer rating increased to 31.25

MVA, %Z=12.5%, OLTC with £15%, step size=1.25
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U1
Busl 17878 W
0%
33 kV 412144 kvar ps
¥3939 kW ¥3939 kW
6072 kvar 6072 kvar
T1 T3
31.25 MVA 31.25 MVA
33/6.9 kv 33/6.9 kV
CB4
Bus2 T ® Bus4 bl S *®
6.6 XV 100- 6.6 XV 300-
¥8330 kW ¥597 XW ¥597 XW ¥8330 kW
5162 kvar 383 kvar] 383 kvar 5162 kvar
AY A
T2 T4
Lumpl 2.5 MVA 2.5 MVA Lump2
14 MVA 6.6/0:433 XV 616/0.433 xv 14 MR
cap ) N cas J P
Bus3 A BusS At
0.415"%v 1,00 0.415 XV 2o
¥595 kW ¥595 kW
369 kvayf 369 kvar
Lump3 Li 4
1 MVA 3 m“"’

Figure 28 Normal load flow case with T1 & T3 transformer rating increased to 31.25 MVA,
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%Z=12.5%, OLTC with £15%, step size=1.25

44




IR@AIKTC-KRRC

U1l
Busl 22998 kW ‘
33 kV +16050 kvar 90
+11499 kW +11499 kW
8025 kvar 8025 kvar
T1 T3
31.25 MVA 31.25 MVA
33/6.9 XV 33/6.9 kV
CB4
Bus2 - _— []CB3
us
6.6 XV 99-3% 6.6 XV 99-3%
+10710 kW 769 kW 769 kW +10710 kW
6637 kvar 498 kvar] 498 kvar 6637 kvar
A
[

&
T2 T4
Lumpl 2.5 MVA 2.5 MVA Lump2
14 MVA 6.6/0.433 kV

6:6/0.433 kv 14 MVA

o
cB6 ) ) x

CBS
Busa3 1% BusS %
0:415 kV 99:3 0.415 kV 99-3

+765 kW
474 kvar

+765 W J
474 kvay

L%s* a @

Lump4
1 MVA

Figure 29 Minimum load flow case with T1 & T3 transformer rating increased to 31.25
MVA, %Z=12.5%, OLTC with +£15%, step size=1.25

From above it is observed that , with suggested mitigations 01 and 02 (i.e. fixed tap changer
set to + 2.5 at transformers T2 and T4; transformer T1 & T3 rating increased to 31.25 MVA
using ONAF cooling; increase in OLTC tap limit to £15%, step.size=1.25 for transformers
T1 & T3) there is no overloading of any equipment, bus voltage profiles are well within the

acceptable limit of 5%, no over-voltages or under-voltages are observed during various load
flow cases performed.
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CAPACITOR BANK SIZING TO IMPROVE THE POWER FACTOR AT THE GRID

It is always priority to maintain the reactive power demand and indirectly the power factor at
the grid during all variable load condition. One of the recommended way to improve the
power factor is use of capacitor banks which contributes reactive power to the system. The
preferred location for the capacitor bank is 6.6 kV; as 33 kV capacitor bank will be more
costlier.

The capacitor bank size for minimum load flow case is calculated as follows:

First run the Minimum case load flow:

U1
Busl 5039 kVA \
pos
33 kV +84.4% PF 2
+2520 KVA ¥2520 kVA
84.4% PF B4.4% PF
T1 T3
31°25 MVA 31.25 MVA
83/6.9 kV 33/6.9 kV
Bus7 aA%®
6.6 xv| %
+2503 kVA
84.9% PF
Bus2 C] cB4 * Bus4 B g %
us
6.6 XV jo00-4 6.6 XV aoo-44
+2100 kVA +403 xVA ¥403 VA ¥2100 kxVA
85.0% PF 84.5% PH| 84.5% PF 85.0% PF
T2 T4
Lumpl 2.5 MVA 2.5 MVA Lump?2
14 MVA 6.6/0.433 XV 6.6/0.433 xy 14 MVA
CB6 ) cBs )
Bus3 46% BusS 46%
0.415 kV L 0.415 kV -
%400 kVA %400 kVA
85.0% P} 85.0% DF
Lump3 T
ump4
1 MVA 1l MvA

Figure 30 Minimum Load Flow case results

At 6.6 kV bus (after transformer T1), the total load connected to the bus is 2.503 MVA,
power factor is 84.9%. The real power flow is 2.13 MW and reactive power flow is 1.32
MVAR. The existing power factor at the 33 kV grid is 84.4%.

The desired power factor at the 33 kV grid is 95%. Hence at the 6.6 kV level the desired
power factor should be:

= 95+ (84.9-84.4)=95.5 %= 0.955 pu

Calculation required for capacitor bank size:

46

ir.aiktclibrary.org




IR@AIKTC-KRRC

Table 8 Capacitor bank size

Existing load reactive power demand 1.32 MVAR

1 0, = * 1= %
Load reactive power demand (for 95.5% 0.66 MVAR Q =P(MW) * tan (phi)= 2.13*tan
power factor) (acos 0.955)
Reactive power needs to be supplied =1.32-0.66
from capacitor bank =0.6626 MVAR
Voltage of capacitor bank 6.6 KV
Capacitive reactance (Xc) 65.74 OHM | =kV¥MVAR= 6.6"* / 0.6626
Capacitance 4.84 E-05 | FARAD | =1/(2*pi*f*Xc)

Capacitors added in the model:

Busl
33 kV

1

Mvar

T1 T3
31.25 MVA 31.25 MVA
33/6.9 XV 33/6.9 XV
Bus?
6.6 kV
Bus2 L] CB3
[] CB4 Bus4
6.6 XV I
I L I
T2 T4 X
CAP].» Lumpl 2.5 MVA b & Lamp? CAP“
0.662 Mvar ifSsewn 6.6/0.433 kV 6.6/0.433 xv 14 MVA 0.-662
cB6 ) cBs )
Bus3 BusS
0.415 kV 0.415 kv
Lump3 Iﬁéébq
1 MVA 4 =

Figure 31 6.6 kV capacitor banks added in the SLD

Running the minimum load flow case with two 0.662 MV AR capacitor banks available at 6.6

kV buses:
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U1
Busl 4470 XVA o
33 kV 495.1% PF »
+2235 kVA +2235 kVA
95.1% PF 95.1% PF
T1 T3
31.25 MVA 31.25 MVA
33/6.9 XV 33/6.9 kV
Bus?7
(3
6.6 kV 99-
¥2227 kVA
95.4% PF
Bus2 [JcB4 Bus4 0 ess
6.6 XV 99-6%* 6.6 XV 996
%657 xva  [¥2100 xva ¥403 kVA %403 kVA ¥2100 VA %657 xva
0.0% PF | 85.0% PF 84.5% P 84.5% PF 85.0% PF 0.0% PF
1 - T
CAP1 b e T4 CAD?
0.662 Mvar ,¢ by s 2.5 MVA L 0.662 Mvar
- 14 MVA 6.6/0.433 kV 6.6/0.433 xv 14 MVA -
CB6 |} cBsS )
Bus3 5% BusS 5%
0.415 kV 1o 0.415 KV 3,00
%400 XVA #4100 xVA
85.0% PF 85.0% BF
Lump3 L 4
1 MVA 2" My

Figure 32 Minimum Load Flow case results with two 0.662 MV AR capacitor banks available
at 6.6 kV buses

By above image it is seen that, with consideration of two 0.662 MVAR capacitor banks
available at 6.6 kV buses the power factor at the grid is improved to 95.1% from 84.4%.

The maximum load flow case and normal load flow case are also run with the above

capacitor banks and results for the same are as below:
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U1
Busl 20881 kVA -
33 kv 485.6% DF b L
+10440 xVA +10440 xVA
85.6% DF 85.6% PF
T1 T3
31.25 MVA 31.25 MVA
33/6.9 kV 33/6.9 kV
Bus?7 s
.4
6.6 XV 92
+10179 kVA
87.7% PF
use cB4 Bus4 S
6.6 xV - 99-4%* éc i 99-4%*
tess xva  |¥9s00 xVA +710 xVA +710 xVA ¥9800 kVA tess xva
0.0% PF | 85.0% PF 84.2% PF 84.2% PF 85.0% PF 0.0% PF
I I
T2 T4 2
0 6612 Mvar 0Pl 2.5 2.5 MVA Lump2 OCAGPG‘Z Mvar
- 14 MVA 6.6/0.433 kV 6.6/0.433 kv 14 MVA -
cB6 ) cBS [\)
Bus3 3% BusS e
8. .8
0.415 kV 99- 0.415 kV 99
+700 kVA +700 kVA
85.0% BT c 85.0% PF
Lump3 :§34
1 MVA | e

Figure 33 Normal Load Flow case results with two 0.662 MV AR capacitor banks available at
6.6 kV buses

U1
Busl 28220 xVA b=
33 kV 481.6% PF 90
+28220 kVA
81.6% DF
1 8 g: 25 MVA
31.25 MVA £
33/6.9 XV 33/6.9 kV
Bus?7 5%
6.6 xv | 9%
¥26382 kVA
87.1% PF
Bus2 0] cB4 * Bus4 ®
us
6.6 XV 200-% 6.6 kV 300-%
te69 xva (¥12600 xVA +1867 xva|lt12261 xVA ¥12600 kVA t669 xva
0.0% PF | 85.0% PF 82.8% PE| 87.4% PF CB1 85.0% PF 0.0% PF
Il
L)
I h I
T2 T4 2
Cary Lumpl 2.5 MVA 2.5 MVA Lump?2 Car2
0.662 Mvar ;4 Mmya 6.6/0.433 kV 6.6/0.433 xv 14 MVA 0662 Mvax
cB6 )
Bus3 BusS
65 65t
0.415 XV ga: 0.415 XV 98-
%900 xVA|¥s00 xvA +900 xVA
85.0% P 85.0% PF  CB2 85.0% PF
~
Lump3 L 4
1 MVA 1

Figure 34 Maximum Load Flow case results with two 0.662 MV AR capacitor banks available
at 6.6 kV buses
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For the normal load flow study case the power factor at the grid is 85.6% and for Maximum
load flow study case the power factor at the grid is 81.6%.

The stage Il capacitors can be designed to compensate the reactive power for Normal and
Maximum load condition and to improve the power factor at the grid. However, it should be
take care that during minimum load flow case stage II capacitor is in off condition so that the
power factor at the grid will not go to leading mode.
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CHAPTER-6
CONCLUSION

From the above study analysis it can be concluded that the load flow analysis of power

system can be easily done with the

etap software. Determination of active power flow,

reactive power flow, power factor, losses, bus voltage profiles etc. in the system by using

etap software is learned

Additionally, the analysis of load flow results is carried out and the various modifications are

recommended in the system, in order to achieve the successful operation of the system during

various and worst operating condition.
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