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ABSTRACT:The main objective of this thesis is to simulate and analyze the 220 KV Substation. The simulation and
analysis includes power flow analysis and short circuit analysis. Power flow study also known as load flow constitutes
an important part of power system analysis and design of any power system network. The power flow analysis and
short circuit analysis is done in the Power World Simulator Software. For the power flow analysis using the single line
diagram of 220 KV substation, the model of the substation is developed in the Power World Simulator. The different
kinds of faults are also simulated at various buses of the substation. Power World Simulator is very useful software for
analyzing power system operation. By doing the power flow analysis in the Power World Simulator we estimate the
real and reactive power flows, power losses in the entire network and phase angle using Power World Simulator. Short
circuit analysis is also useful to select, set, and coordinate protective equipment such as circuit breakers, fuses, relays,
and instrument transformers. Simulation technique is very useful in the power system planning and design.

KEYWORDS:Power World Simulator, Short Circuit Analysis.

I.LINTRODUCTION

The most of electrical power is generated by three main methods: hydro sources, coal fired stations and nuclear
generating stations. Isolated power supplies are obtained from diesel engine driven generators, wind electric generators,
solar panels and batteries. This power is generated normally at 11 KV and is stepped up to high voltages for
transmission. The load centres are usually located away from generating stations. Therefore, the power is transmitted to
the load centres and is stepped down to distribution level. The load is supplied at various voltage levels. The load may
be residential, industrial or commercial. Depending on the requirement the loads are switched on and off. Therefore,
there are peak load hours and off peak load hours. When there is a need, power is transmitted from one area to the other
area through the tie lines. The control of generation, transmission, distribution and area exchange are performed from a
centralized location. In order to perform the control functions satisfactorily, the steady state power flow must be
known. Therefore, the entire system is modelled as electric networks and a solution is simulated using a digital
program. Such a problem solution practice is called power flow analysis.The power flow solution is used to evaluate
the bus voltage, branch current, real power flow, reactive power flow for the specified generation and load conditions.
The results are used to evaluate the line or transformer loading and the acceptability of bus voltages. In general the
power flow solutions are needed for the system under the following conditions:

* Various systems loading conditions (peak and off peak).

* With certain equipment outage.

* Addition of new generators.

* Addition of new transmission lines or cables.

« Interconnection with other systems.

* Load growth studies.

* Loss of line evaluation.

Successful power system operation under normal balanced three-phase steady-state conditions requires:
1. Generation supplies the demand plus losses.

2. Bus voltage magnitudes remain close to rated values.

3. Generators operate within rated real and reactive power limits.
4. Transformers and transmission lines and are not overloaded.
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The power-flow computer program (sometimes called load flow) is the basic tool for investigating these requirements.
This program computes the voltage magnitude and angle at each bus in a power system under balanced three-phase
steady-state conditions. It also computes real and reactive power flows for all equipment interconnecting the buses, as
well as equipment losses®.

In order to solve for the power flow solutions, it is necessary to model all the networks, generators, transformers and
shunt capacitors. The approach to the modelling and the analysis of large-scale power flow solutions are presented in
this thesis.

Reference [1] discusses the use of contours for visualizing power system voltage data. Also, because of the low
computation requirements of the contouring algorithm, the algorithm is implemented into a real-time animation of the
voltage profile of a power system. The contouring routines are implemented into the Power World Simulator software
package, with results shown for systems with up to several thousand buses. Experiments and interviews with system
engineers are also discussed to measure the applicability of voltage contouring as an add-on to practical Energy
Management Systems.Reference [2] considered the 330kV Nigeria power grid for estimating the real and reactive
power flows, power losses in the entire network and bus phase angles using Power World Simulator. The simulation
result of the existing 330kV power grid indicates that Damaturu and Gombe bus voltages were out of tolerance with per
unit and actual values of 0.94432, 311.63kV and 0.94497, 311.84kV respectively. Substantial losses occurred along
some transmission lines like Osogho-Aiyede (18.78MW), Osogbo-Ikeja-West (6.28 MW), Jos-Mando (5.49MW) and
Osogbo-Benin (5.20MW). The power loss of existing grid totalled 85.3MW, while the expanded and fortified grid
showed power losses of 32MW and 24.7MW respectively.In reference [3] an attempt has been made to investigate
power flow in the northern Nigeria330kVtransmission sub — grid using Power World software. The 13 — bus sub — grid
was developed on base values of 100MVA and 330kV (transmission line) using data obtained from the National
Control Center, Osogbo, Nigeria. The data is valid through 31st December, 2010. The power flow was run using Gauss
— Siedel power flow algorithm and low voltage violations were found at buses 1, 7, 8, 9, 10, and 13. To minimize these
voltage violations, shunt capacitor compensators were placed at affected buses, resulting in a network with a minimum
bus voltage of 0.95 p.u. The voltage control also resulted in reduced reactive MVar demand on two of the three
generators, with the slack bus experiencing a decrease of 60.27 MVar. The results also indicated that incorporation of
compensators yielded a reduction in 8.76 MW and 96.51 MVar line power losses.

ILPOWER FLOW ANALYSIS
A power system network usually consists of component such as buses, transmission lines, generators and loads. These
are principle components of a power network; other components such as compensator are usually included only to

improve the network after load flow studies. Figure 2.1 gives an example on a simple two bus power network modelled
for load flow analysis.

/\/ Transmission line

Generator Bus 1 or Slack bus Bus 2 Load

Bus represents reference node during calculation or simply nodes that are used in nodal analysis. In load flow studies,
there are three types of bus, slack bus, generator bus and load bus. To begin with load flow study, one must identify or
assign one slack bus. Another type of bus in a power network is the generator bus. Generator bus is defined as any bus
excluding the slack bus with a generator connected to it. As for a load bus, it is simply any bus that has only loads
connected.
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In a power system, generators are referred to as devices which convert mechanical energy into electrical energy or in
layman’s terms, anything that produces power. For a steady state load flow study, parameters that generators are
represented as are fixed power and desired voltage magnitude.

A load in a power system context is defined as devices that consume power in the network. There are three types of
loads in power system. They are purely resistive load, purely reactive load and load that consume both type of power.
In a steady state load flow study, loads are specified as fixed real and reactive power.

Transmission lines are power lines that connect buses. The key parameters of transmission lines are resistance R, and
reactance X. In load flow anaIyS|s parameters of transmission lines are simply represented as the impedance, Z=R+jX,

or as the admittance, Y=
R+]X

In a power flow network, buses are bound to have self- or mutual admittance, and this increase the complexity to
determine the admittance of the bus. However, it is easy to model the admittance of the network into a matrix for any
analysis, where the diagonal elements are self-admittance and off-diagonal elements are mutual admittance. Equation-1
shows an example of an admittance matrix.

Vi e Yie
Yig oo Yk
The five parameters which are used for load flow analysis are voltage magnitude, voltage angle, real power, reactive
power and admittance. The basic formula to solve all load flow problems is represented by Equation 2 and Equation-3,
n

k— Z ijVj (2)
=1

S = Vil (3)
The Load flow solution is also known as power flow solution. The load flow solution of an electrical power system
provides voltages at all the buses, power flows and losses in the lines at specific levels of power generation and loads.
The results of load flow analysis are used in load forecasting, system planning and operation. In practical field, system
engineers carryout load flows on a daily basis with varying system configurations, load patterns and generating
conditions to understand the behaviour of the system at different operating conditions. Therefore, computation of a load
flow solution is a basic requirement and at present there are many tools and software available.

There are four bus types in a power transmission network. These are generator buses, load buses, swing buses, and
disconnected buses.

Methods for solving load flow analysis are:

a. Gauss — Seidel method

b. Newton-Raphson method

c. Fast decoupled method

d. DC load flow method

111.POWER WORLD SIMULATOR

Power World Simulator is a power system simulation package designed from the ground up to be user friendly and
highly interactive. Simulator has the power for serious engineering analysis, but it is also so interactive and graphical
that it can be used to explain power system operations to non-technical audiences.

Simulator is actually a number of integrated products. At its core is a comprehensive, robust Power Flow Solution
engine capable of efficiently solving systems of up to 60,000 buses. This makes Simulator quite useful as a standalone
power flow analysis package. Unlike other commercially available power flow packages, however, Simulator allows
the user to visualize the system through the use of full-colour animated oneline diagrams with full zooming and
panning capability. Moreover, system models may be modified on the fly or even built from scratch using Simulator’s
full-featured graphical case editor. Transmission lines may be switched in or out of service, new transmission or
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generation may be added, and new transactions may be established, all with a few mouse clicks. Simulator’s extensive
use of graphics and animation greatly increases the user’s understanding of system characteristics,problems, and
constraints, as well as of how to remedy them.

Simulator also provides a convenient medium for simulating the evolution of the power system over time. Load,
generation, and interchange schedule variations over time may be prescribed, and the resulting changes in power
system conditions may be visualized. This functionality may be useful, for example, in illustrating the many issues
associated with industry restructuring.

In addition to these features, Simulator boasts integrated economic dispatch, area transaction economic analysis, power
transfer distribution factor (PTDF) computation, short circuit analysis and contingency analysis, all accessible through
a consistent and colourful visual interface. These features are so well integrated that you will be up and running within
minutes of installation.

Simulator also offers five optional product add-ons to meet your needs.
) Optimal Power Flow (OPF)

Available Transfer Capability (ATC)

Power-Voltage Reactive Power-Voltage Tool (PVQV)
Automation Server (SimAuto)

Security Constrained Optimal Power Flow (SCOPF)

IV.SIMULATION DIAGRAM

Figure shows the single line diagram of 220 KV Navsari substation. The red line indicates the 220 KV bus section.
There is a one 220 KV main bus. At this 220 KV bus eight 220 KV lines are connected. The eight lines are Talanpur
(sachin), Vav, Kawas-1, Kawas-2, Nasik-1, Nasik-2, Ambheta and Bhilad. All this lines are export and import power to
the substation. Now, this 220 KV bus step downs voltage at 66 KV and 132 KV for the transmission of power by using
step down transformer. The three 220/132 transformers step down the voltage at 132 KV and connect to 132 KV bus.
The transformers used are transformer number 3, 4, 6. Each has 100 MVA rating. The green line indicates the 132 KV
bus section. This 132 KV bus transmits power through Bhestan-1, Bhestan-2 and Atul line to Bhestan and Atul
Substation. The three 220/66 KV transformers step down the voltage at 66 KV and connect it to 66 KV bus. The
transformers used are transformer number 1, 2, 5. The transformer number 1 has 50 MVA rating and the transformer
number 2, 5 has 100 MVA rating. The blue line indicates the 66 KV bus section. The 66 KV bus transmits power
through the transmission lines to different 66 KV substations are Tata, Bilimora, Gandevi, Chapara, Eroo, Vesma,
Eklara and Navsari. The 66 KV Navsari bus is further step down the voltage at 11 KV by using the three 66/11 KV
transformer. Each transformer has 15 MVA rating. The 11 KV bus feed the power to different 11 KV feeders.
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V. RESULT AND DISCUSSION

A Newton-Raphson load flow analysis was performed on the power system described in Figure. The animated results
of this load flow are shown in Figure.

10.15662/ijareeie.2014.0311056
Copyright to IJAREEIE WWW.ijareeie.com 13024



ISSN (Print) : 2320 — 3765
ISSN (Online): 2278 — 8875

International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering
(An 1SO 3297: 2007 Certified Organization)

Vol. 3, Issue 11, November2014

=5 = -
== = =g
= & b 7 Be
s ¥
2 =
T = =
= = P
B - e
=
s = — == =,
e
= 5 — = = g EE
= g E B Elﬁg
= £ — .=~ =, o 282
%% g 85
= = =B
= & E ==
= % - k—-—I——-%
- e
T > B =2
=]
R e - R  —"at ;
=
i aa
o s E"-_ = Eg
_ = - o=
= = b =
= = — 5 e P_-_I—é?
e BES
i | s
=B — -
== S %g
- — o Do

7
Ves|

j
3

0 Mva

15
- =

M 2H0 ] 16
0 Mvar 2MW64

oM 20 |

OMar 1MW £

oM 200 |

0 Mvar IMW%

OMr 2MW

0 Mar 3ng'%“:%_'_
0 Mvar 1MW%.,

OMr 3MW

0 Mar 1MW$"%;E‘_'_
oM 2H0 |

0 Mvar IMW%l

OMar LI £

oM 1 |

Generator 1 was set up to be the slack generator (i.e. 1 PU output voltage at 0 ° phase angle). The connected load was
25 MW and 10 MVAR (inductive). The resulting power flows for each transmission line feeding the connected load are
also displayed. The resulting bus voltages and phase angles are shown on the one-line diagram.
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Number Name Nom kV PU Volt Volt (kV) | Angle (Deg) | Load MW | Load Mvar | Gen MW Gen Mvar
1 220kvbus 220 0.99986 219.969 -0.01 416 152
2 vav 220 1 220 0 184.71 120.94
3 132kvbus 132 0.99568 131.43 -0.19
4 bhestanl 132 0.97175 128.27 -1.26 38.2 21.6
5 bhestan2 132 0.971 128.172 -1.28 37.5 21.6
6 atul 132 0.95318 125.82 -3.11 48.3 14.4
7 66kvbus 66 0.97492 64.344 -2.98
8 tata 66 0.9743 64.304 -2.96 0.5 1.81
i bilimora 66 0.89408 59.009 -5.41 25 9.12

10 gandevi 66 0.93423 61.659 -4.05 16.4 7.02
11 chapara 66 0.97015 64.03 -3.28 10 0
12 Eroo 66 0.96528 63.709 -3.19 13 6.6
13 vesma 66 0.96398 63.623 -3.31 2:71 1
14 ekalara 66 0.94027 62.058 -4.78 10.5 1
15 navsari 66 0.97481 64.337 -2.98

16 11kvbus 11 0.97069 10.678 -3.43 24.82 11.82
17 nasik2 220 0.90378 198.832 -7.62 a1 40
18 nasikl 220 0.90724 15?9.593 -7.62 91 38
19 bhilad 220 0.94738 208.423 -7.28 175 24

The pie charts associated with each transmission line, provide the student with an indication of transmission line
loading. For this example, the resistance of each transmission line was not included, only the reactive component. The
power flows (real and imaginary) for this example are in the same direction.

Mumber of Devices in Case Case Totals (for in-service devices only)

_ _ — MW Mwar
Buses | 15 Series Capacitors e
- —_— Load 3.9

| LTCs (Control Volt) i
= Generation 3.9
|

| | 0.0 |
> 11
Phase Shifters = | I I
00| [

u.u]
0.0 |
0.0 |

Generators

Loads

5
28
i) Shunts
0

Mvar Controlling i |
0Sses |

Trans. Lines (AC)

—_— Generator Spinning Reserves
AR L9 Positive [MW]  Negative [MW]
0| zoRs ’ = [ 6] ] 403.9 |

|
1
15 ! Breakers.
1
|

[
Switched Shunts. i
i
2Term. DC Lines i
I

Multi-Term. DC

MNegative MW Loads and Generators

Areas 1| Islands M

Zones [ 1—| Interfaces Lo L E 9 |

Generation 0.0 |

Substations | 0 | Injection Groups

=== | Slack Buses:
Case paﬂ"lname navsarlﬁnalrmvar‘_’.eeefdc pwhb ‘ vav (2); in Area 1(1)

10.15662/ijareeie.2014.0311056
Copyright to IJAREEIE WWw.ijareeie.com 13026



i ISSN (Print) : 2320 — 3765
-2 :I ISSN (Online): 2278 — 8875

International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering
(An 1SO 3297: 2007 Certified Organization)
Vol. 3, Issue 11, November2014

VI.CONCLUSION

It is very necessary to carry out power flow analysis for satisfactory operation of the power system. This analysis is
done effectively using PowerWorld simulator software. By using the PowerWorld simulator we also analyse the effect
of adding or removal of transmission line and other power system component. The PowerWorld simulator also gives
information for what amount of power the system works with maximum efficiency. The PowerWorld simulator is a
user friendly tool that provides visual simulation results.
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