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ABSTRACT

The objective of the study is to provide a comprehensive load flow analysis to
determine the transformer tap setting under different Cogeneration plant operating
condition. The analysis covers the PETRONAS Penapisan (Melaka) Cogeneration
plant which supply power to the existing PETRONAS Second Refinery 1 and
PETRONAS Second Refinery 2 loads. In order to conduct the analysis, a simulation
software called Power System Analysis Toolbox (P.S.A.T) is used to determine the
voltage, real power and reactive power to be transfer at each bus during the load flow
analysis. The maximum loading limit of the power network is determined from the
point of voltage collapse of P-V curve and Q-V curve. In this project, the baseline
parameters values are first defined and entered as the data input, then the load flow
analysis is done to identify the weakest bus. Variation of a real power and reactive
power on the weakest bus and repetition of load flow analysis with the change of
loads and transformer tap setting is conducted in order to plot the P-V and Q-V curve

and to determine the maximum loading limit.
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CHAPTER 1
INTRODUCTION

1.1 Background of Study

Maintenance of voltages on the network buses at their respective rated values is a
prime requisite. The volitages occurring depend on the network condition VIZ
exchange of generation, over excitation and under excitation limits, network
configuration, and presents of shunt compensation, transformer tap settings and
exchange of loading. System operators usually control the voltage collapse at some
buses by increasing reactive generation, capacitor switching and/ or tap changing. As
some devices reach their limits, the ability of controlling the voltage is lost and at
certain loading of the system, one type of instability occur which called voltage
collapse. This phenomenon is characterized by a sharp and fast decrease in voltage
magnitude. This fact illustrated by PV / QV curves. In this study, the load on a
particular bus 1s increased uniil the voltage collapse occurs. Then the minimum
reacfive power to be injecied at the particular load bus is calculated by an iterative
method. The same procedure is repeated for different load conditions and the

corresponding kVAR to be injected has been calculated.



1.2 Problem Statement

1.2.1 Problem Identification

A specific power transmussion or distribution network has a maximum loading limit.
If the network is loaded beyond this limit, network operation wiil not be feasible. The
maximum loading hmit for a specific practical power network will be determined

using point of voltage collapse on the PV and QV curve.

1.2.2  Significant of the Project

The strategies help in determining network limitations during design planning and

operational planning.

1.3 Scope of Study

1.3.1 Objectives of the Project

The main objective of this project is to determine the maximum loading limit of a
practical power system and the transformer tap setting under different operating
condihon. The power system network of the PETRONAS Penapisan (Melaka)
Cogeneration plant which supply power to the existing PETRONAS Second Refinery
1 and PETRONAS Second Refinery 2 loads will be used. Other purpose of this
project are to study and understand the load flow analysis and learn how to do the

load flow using a power flow analysis software.



1.3.2  Feasibility of the Profect within the Scope and Time Frame

The study spans over duration of two academic semesters and the scope of work
covers exploring problems, building design objectives, applying appropriate

methodology, producing and analyzing outcomes, as well as reporting the findings.

The first half of the project mainly involves research and study to acquire as much
knowledge as possible to ease the design work later on. Research work for these 10
weeks of the first semester revolves around familiarization with the software used to
do the load flow, identifying parameters used to initialize the load flow in a power
system, running load flow on existing power network provided in the software, learn
how to interpret the stmulation results, creating and developing data file and Simulink
model for a real power distribution network, running the load flow analysis for the
system. The work 1s then continued with the determination of the maximum loading
limit using P-V curve (nose curve). In the first half of the project, the analysis only
covers the PETRONAS Second Refinery 2 (PSR2) of the power distribution network
of PETRONAS Penapisan {Melaka) Sdn. Bhd.

For the second half of the project, the duration is also 10 weeks, the same load flow
analysis and maximum loading limit determination process will be done but for the
overall power distribution network. The analysis covers the PETRONAS Penapisan
(Melaka) Cogeneration plant which supply power to the existing PETRONAS Second
Refinery 1 and PETRONAS Second Refinery 2 loads. This part focuses more on
improving power flow of the power network system by introducing shunt
compensation into the system and to determine the correct transformer tap setting
under different Cogeneration plant operating condition which helps to maintain the

bus voltage at its rated voltage during the operation without causing any over-voltage.

The area and scope of this project has been carefully planned, hence the project is
feasible and could be completed within the allocated time frame. A project plan and
Gantt chart has been develop to guide the progress of the project. If the plans are

strictly followed, the project will be a successful one.

( See Appendix A )



CHAPTER 2
LITERATURE REVIEW

2.1 Intreduction to Veltage Stability

2.1.1 Voltage Sability

Power system voltage stability is the capability of the power system to maintain the
acceptable voltages at all nodes under normal conditions and abnormal conditions.
Abnormal condition is a condition where the power system is being subjected to

contingency conditions.

A power system is said to have entered a state of voltage instability when a
disturbance causes a progressive and uncontrollable decline in voltage values. The
main factor for voltage collapse is basically caused by an unavailability of reactive
power support in an area of the network, where the voltage drops uncontrollably.
Besides, the voltage stability of a power system is also influenced by several factors
which are the transmission line characferistic, generator characteristics, reactive

power compensating devices, under-load tap-changing transformers and the loads.

The process of instability may be caused by some form of disturbance, resulting in
changes in the reactive power requirement. The disturbance may either be small or
large changes in essentials load. The consequence of the voltage instability may,

however, have widespread impact on the system.



Main contributing facfors to voltage stability

1) Transmission line characteristic

2) Generator field and armature current imits

3) Generation automatic dispatch function (governor and AGC)
4) Reactive compensating devices

5) Co-ordination of protection and control system.

6) Under-Load Tap-Changing Transformers

7) Loads connected to the power network

2.1.2 Voltage Collapse

Voltage collapse is an instability of heavily loaded electric power systems which
leads to declining voltages and blackout. It is associated with bifurcation and reactive
power limitations of the power system. It is a problem associated with transfer of real
power (P) and reactive power (Q) through a highly inductive network. It is generally
associated with bifurcation of the nonlinear power system equations; that is, the
disappearance as parameters vary of the stable equilibrium at which the power system
1s normally operated. System limits such as generator reactive power limits and tap
changing transformer limits are thought to be important in voltage collapse. Heavily
loaded power systems are closer to their stability limits and voltage collapse

blackouts will occur if suitable monitoring and control measures are not taken.

Voltage collapse typically occurs on power systems which are heavily loaded, faulted
and/or has reactive power shortages. There are six main contributing factors to the
voltage collapse which are the load characteristics and under-load tap changer,
generator field and armature current limits, transmission line characteristics,
generation automatic dispatch functions, reactive power compensation and co-

ordination of protection and control system.



2.1.3 Maximum Loading Limit

Maximum loading limit or transfer limit of an electrical power network is the
maximal real or reactive power that the system can deliver from the generation
sources to the load area. Specifically, the transfer limit is the maximal amount of
power corresponds to at least one power flow solution. From the well known P-V or
Q-V curves, one can observe that the voltage gradually decreases as the power
transfer amount is increased. Beyond the maximum loading limit, the power flow
solution does not exist, which implies that the system has lost its steady-state

equilibrium point.

2.2 Nose Curve Concept

This concept used P-V and Q-V curve to determine the maximum loading limit of a

power network.

221 P-V Curve

PV curve is also known as nose curve. It shows the relationship between real power
and the voltage at the selected bus. The loads and generations in selected areas are
increased in a predetermined manner to find the distance to voltage instability. A full
power flow solution is performed at each load level to obtain bus voltages to ensure
all system non-linearity are represented as the system is stressed. Stressing the system
by increasing the load is the most relevant measure for assessing the voltage stability
of the system. The voltage stability limit i1s reached when power flow solution fails to

converge.
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Figure1 :P-V Curve

The PV plot above show the sensitivity (variation} of the bus voltages with the load,
the distance to instability where the pre-contingency margin is between Pm and Po
while the post — contingency margin is between Pcm and Po. The PV curve presents
load voltage as function of loads or sum of loads. It present both solution of power
system. The power system has low current — high voltage and high current — low
voltage solutions. Power system only operates at the upper part of the PV curve. This
part of the PV curve is statically and dynamically stable. The head of the curve is
called the maximum loading point. The critical point where the solutions unite is the
voltage collapse pomt. The power system becomes more unstable at voltages unite
point. Voltage decreased rapidly due to requirement for infinite amount of reactive

power. The lower part of the PV curve is statically stable, but dynamically unstabie.



2.2.2 0O-V Curve

In a QV curve, a variable reactive power source is placed at the selected bus to
conirol the bus voltage within a range. A full power flow is solved at each voltage set
point and the injected reactive power is computed to obtain a plot of injected reactive
power versus the bus voltage. QV plot shows the MVAR margin at the bus, the
voltage at which instability occurs, and the sensitivity of bus voltage to reactive
injection. In order to obtain a reasonable picture of the condition of the system, many
buses may have to be examined, requiring a vast number of full power flow solutions.
The main drawback is that the system is stressed in an unrealistic manner. The slopes
may be misleading; the combmation of the voltage margin and reactive margin is

required.

- Q !nj_ectioh

3

MVar

>
- Mvar o Voltage
Margin ||

Figure2 :Q-V Curve



23 Power Flow Analysis

Power flow analysis, commonly referred to as load flow, are the backbone of power
system analysis and design. It is an important tool involving numerical analysis
applied to a power system. A power flow study usually uses simplified notation such
as a one-line diagram and per-unit system, and focuses on various forms of AC power
(ie: reactive, real, and apparent) rather than voltage and current. The analysis is
necessary for planning, operation, economic scheduling and exchange of power
between utility. In addition, power flow analysis is required for many other analyses
such as transient stability and contingency studies. The purpose of a power flow
analysis program is to compute precise steady-state voltages of all buses in the
network, and from them the real and reactive power flows into every line and

transformer, under the assumption of known generation and load.

In order to evaluate the performance of a power distribution network and to examine
the effectiveness of proposed alterations to a system in the planning stage, it is
essential that a load flow analysis of the network is carried out. The load flow studies

are carried out to determine:

1. The flow of active and reactive power in the power distribution network
branches.
ii.  Confirm the bus bar voltages are within limits (+5% of the rated voltage).

i,  Power distribution network losses.



2.3.1 Power Flow Problem

The problem with solving a power flow is that it is a non-linear problem, which
greatly increases the difficulty of calculation. The only point where the solution is
initially known is at the buses where values are set as reference values. i is the
computation of the voltage magmtude and phase angle at each bus in the power
network under balanced three-phase steady-state conditions. As a by product of this
calculation, real and reactive power flows in the lines, transformers and loads can be
determined. The starting point of the power flow problem is a single-line diagram of
the power system, from which the input data for the PSAT software can be obtained.

Input data consist of bus data, transmission line data and transformers data.

Each bus bar is associated with four variables which are

» Voltage Magnitude
» Phase Angle
» Real Power

» Reactive Power

At each bus, two of these variables {(commonly the voltage magnitude and phase
angle) are specified as input data, and the other two variables are unknowns to be
computed by the power-flow program. Each bus is categorized into one of the

following three bus types:

Slack Bus (Reference bus)

Slack bus or Swing bus: a slack bus or swing bus is a special generator bus that serves
as the reference bus for the power system. The reference bus is generally connected to
a generator. The input data for slack busis 10,0 per unit. After calculating system
power flows, the residual of the sum of the loads, minus total generation, is injected at
the swing bus. This value is equivalent to system losses which can only be determined

after network solution. Generally often it is taken to be 1 p.u. The real and reactive

10



power for this bus is unconirolled, it supplies whatever P or Q is necessary to make

the power flows in the system balance.

PV Bus (Generator bus)

A generator bus is a bus at which the magnitude of the voltage is kept constant (by
adjusting the field current of a synchronous gen. tied to the bus). A generator bus is
also known as PV bus, because the real power and magnitude of the bus voltage [Vi| at
the bus are specified. Furthermore, the generator bus is a bus to which a generator or
multiple generators are linked. Voltage and real power flow are regarded as known

quantities, while reactive power and phase angle are unknown.

PQ Bus (Load bus)

A load bus is a bus at which the real and reactive power is specified. A load bus is
also known as PQ bus (normally, real power Pi and reactive power Qi at the bus are
specified). Load buses comprise over 80% of most systems. In the load bus real and

reactive power flows are known but voltage and phase angle must be calculated.

11



2.4 Per-Unit System (p.u system)

Per Unit System is a normalization procedure which provides a mathematical basis
for analyzing power networks with relative ease and convenience. In the per-unit
system, voltages, currents, impedances, and powers are expressed in a normatized
{ashion a percentages (or per-unit) of predefined base quantities. Per-unit (p.u)
quantity is one that is expressed as a decimal fraction of a predefined base quantity.
For example, if a base voltage were selected as 100V, then an actual voltage of 20V

would be expressed as 0.20 per unit,

The advantages of this method of description include ease of system representation;
elimination of transformer turns ratios and simplicity of number manipulation. The
per-unit representation results in a more meaningful and correlated data. It gives
relative magnitude information. There will be less chance of missing up between
single and three phase powers or between line and phase voltage. Besides, the p.u.
system is very useful in simulating machine systems on analog, digital, and hybrid

computers for steady-state and dynamic analysis.

In per-unit system, by properly specifying the base quantities, the transformer
equivalent circuit can be simplified. The ideal transformer winding can be eliminated,
such that voltages, currents, and external impedances and admiitance expressed in
per-unit do not change when they are referred from one side of the transformer to the

other side.

Manufacturers usually specify the impedance of a piece of apparatus in p.u. (or per
cent) on the base of the name plate rating of power (S) and voltage (V). Hence, it can
be used directly if the bases chosen are the same as the name plate rating. The p.u.
impedance value of the various apparatus lies in a narrow range, though the actual

values vary widely.

12



In general, the per-unit value is the ratio of the actual value and the base value of the

same quantity.

actual value

per unit value =
base value

Usually, manufacturers give impedance of equipment in percent on own base. The
percent value is the per unit value multiplied by 100: Zy, = Z 4 x 100%. The

expression “own base” means that the base voltage is the rated voltage of the
equipment, and the base power is the rated apparent power {in VA) of the equipment.

The following formulas is commonly used in per-unit system

Sbase = P base - Qbase

[ . Sbase
base 74
hase
2
V
— — _  base
Zbase - Rbase - Xbase - S
hase
Y B I
base — Gbase  Mbhase T Z

13



2.4.1 Change of base

When pieces of equipment with vanous different ratings are connected to a system,
it is necessary fo convert their impedances 1o a per unit value expressed on the
same base. The base that we are converting from will be denoted by subscript M,
the base we are converting to will be denoted by subscript N. The base impedance

for the bases M and N are, respectively,

2 2
VM base Z _ VN base
S N base — S

M base N base

The per unit impedances on the bases M and N are , respectively

z z
Z = Z

M pau.
ZM base

Npu =
° ZN hase

where Z is the actual ohmic value of the impedance of the equipment. It follows
that

Z= ZM Pl ZM bass ZN Pt ZN base

Substituting for the base impedances we get

14



2 2
7 VM base VN base
M pan g — “~Npu. S
M base N base
2
Z _ SN base . VM base
M base N base

Using the MV A and kV notation,

Z

Npu. =

MVAN base . (kVM base )2

Z u
M .MVAMbase (k\[l\lbalse)2

15




2.5 Introduction to Cogeneration Plant

2.5.1 Power Generation

A cogeneration plant is designed to generate electricity and HP steam required by the
refinery complex. It will utilize natural gas as fuel to drive a Gas Turbine / Heat
Recovery Steam Generation Package (GT/HRSG). [3]

2.5.2 Gas Turbine Generator and Heat Recovery Steam Generators

This is an open cycle gas turbine cogeneration. Two units of GTG / HRSG with
supplementary firing capability, operating at 85% of designed load will be installed.
Additional high pressure steam requirement of 87 ton/hr will be generated via the two
existing boilers {3]

Electricity generation specifications [3]

Average normal load =T75MW

Peak Load =90MW

Installed capacity = GTG= 24MW
=8TG =25MW

Top-up =ZERO

Non - firm standby =21MW

2.5.3 Cogeneration Operating Condition

Three cogeneration operating condition will be analyzed throughout the project. The

operating condition are as follows:
e 2 gas turbine generator and 1 steam turbine generator
® 3 gas turbine generator and 1 steam turbine generator

¢ 4 pas turbine generator and 1 steam turbine generator

16



CHAPTER 3
METHODOLOGY AND PROJECT WORK

3.1 Procedure Identification

Some methodologies or procedures are planned and to be used to accomplish this
project as well as to meet all the objectives. In overall, the work execution of the first

part of the project is divided into several stages and is illusirated in the flow chart

below.

Preliminary research Work

A

Literature review

¥

Famiharization with PSAT software

b

System data for load flow analysis

h

Simulink model of the power network

h

Perform load flow analysis

A
PV and QV curve ai different loads

Figure 3 : Project Methodology

17



3.2 PV and QV method

Base case load flow of the given system

A
Selection of a significance bus (weakest bus)

¥
Variation of a real power on the bus and repetition of load

flow analysis with the change of loads

A

Monitoring of voltage of the weakest bus for each of their

load values

A

Plotting of the PV and QV curves (nose curves), the nose

point indicating the limit of the maximum power transfer

A

Selection of shunt compensation for the weakest bus and the
power network, monitoring of bus voltage on the bus vsing
load flow analysis and for each of the load value, plotting of

nose curve indicating the enhance limit of power transfer.

Figure 4 : PV and QV methodology

18



33 Tools Required

3.31 MATLABG.1 (R12.1) or 7.0 (R14)

MATLAB is programming software. Therefore, it is the most appropriate software to
run any MATLAB based software packages for power system analysis.

3.3.2 PSAT 1.3.4

Power System Analysis Toolbox (PSAT) is required in order to carry out a load flow
analysis. PSAT is a MATLAB toolbox for electric power system analysis and
control. The command line version of PSAT is also GNU Octave compatible. PSAT
includes power flow, continuation power flow, optimal power flow, time domain
simulation and small signal stability analysis. All operations can be assessed by
means of graphical user interfaces (GUIs) and a Simulink-based library provides an

user friendly tool for the network design [3].

PSAT core is the power flow routine, which also takes care of state variable
initialization. Once the power flow has been solved, further static and/or dynamic

analysis can be performed. These routines are as follows: [3]

1. Continuation power flow .

2. Optimal power flow

3. Small signal stability analysis
4. Time domain simulations

5. Phasor measurement unit (PMU) placement

19



Figure 5 : P.S.AT user interface
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3.4 Project Work and Case Study

The maximum loading of the power network will be determine based on three
Cogeneration operating conditions. The Simulink model of each network is modeled
in the Simulink using MATLAB 7.0. The system model is based on the existing data
from PETRONAS Penapisan (Melaka) Refinery 1 (PSR1) and PETRONAS
Penapisan (Melaka) Refinery 2 (PSR2). The power is supply by the co-generation
plant to the existing PETRONAS Penapisan (Melaka) Refinery 1 (PSR1) and
PETRONAS Penapisan (Melaka) Refinery 2 (PSR2) loads. The loads for each
Cogeneration operating condition will be the same. Power networks with capacitor
banks switched ON and OFF drawn using Simulink.

3.4.1 Casel: 2 Gas Turbine and 1 Steam Turbine

Network Statistic :
» Buses : 43
s Lines ;19

e Transformers: 23
s Qenerators :© 2

¢ Loads : 22

21
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3.4.2 Case?2: 3 Gas Turbine and 1 Steam Turbine

Network Statistic

* Buses

o Lines

¢ Transformers:

» (Generators

e Loads

19
24

22

. sn.imag‘_ -

¥
| R Hu 03
R |

Line01
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Figure 8
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: Simulink model for case 2 (capacitor bank OFF)
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3.43 Case3: 4 Gas Turbine and 1 Steam Turbine
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CHAPTER 4
RESULT AND DISCUSSION

Load flow analysis for each Cogeneration operating conditions is performed using
Power System Analysis Toolbox (PSAT) software. A simulation report is generated
for each cogeneration operating condition (See Appendix F). From the generated
report, the voltage of each bus of the power system can be obtained. The bus voltage
should be within 5% of its rated voltage. The weakest bus in power system is

determine by selecting a bus which have the lowest or the highest voltage level.

From the load flow analysis, it is found that the weakest bus in the system is bus 005-
PSW3-001, 1T kV bus at Substation 5. The bus supply 8.36724 kW and 5.033735
kVAR to the connected loads at both feeder A and B. Variation of a real power and
reactive power on the weakest bus and repetition of load flow anéIysis with the
change of loads, change of transformer tap setting and introduction of capacitor banks
are done while monitoring and recording the voltage of bus 005-PSW3-001.

P-V and Q-V curve for each cogeneration operating condition are plotted to
determine the nose point which indicates the limit of the maximum power transfer.
Each case of cogeneration operating condition is analyzed when all capacitor banks in
the power network to be switched OFF, when all capacitor barks in the network to be
switched ON and when all capacitor banks in the power network are switched OFF
except the capacitor bank at the weakest bus. The analysis is also done for different
tap setting of transformer (005-PTR3-001A/B) which are for nominal tap, -2.5% tap,
-5.0% tap and + 2.5% tap. Lower the tap setting results in higher voltage at the
secondary voltage while higher the tap will result in lower voltage at the secondary.

27



From PV and QV curve, the bus voltage at different transformer tap setting while
supplying its current load can be obtained. The voltage will vary if the tap setting of
the transformer changed. It is important to set the correct transformer tap setting to
ensure the bus voltage is near to its nominal voltage. If the bus voltage is higher than
its nominal voltage, insulation could be damaged and if the bus voltage is lower more
than 5% from its nominal voltage, the system operation will not be feasible. The
system stability ts much more influenced by the reactive power. Lack of reactive
power leads to low voltage or voltage drop. The QV curve effects the voltage stability

more compare to the PV curve.

The PV and QV curve represent the maximum loading limit of the power network,
but for a plant Iike Melaka Refinery, the load connected at each bus are fixed. The
main concern of this project is to ensure that the bus voltage are kept near to the
nominal voltage of the respective bus when the power are delivered to the normal
load. The bus voltage can be kept near to its nominal voltage by either changing the
transformer tap setting or by adding the capacitors to the power network. In the PV
curve, the nominal transformer tap setting 1s represented by blue curve, the -2.5% of
tap setting is represented by pink curve, the -5.0% tap setting is represented by orange
curve and the +2.5% tap setting is represented by the green curve. Transformer tap
setting which leads to a bus voltage near to the nominal voitage should be set. The
bus voltage should not be higher than the nominal voltage as it could cause insulation

and cables damaged.
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As shown in Figure 12, when capacitor connected at all bus as well as the weakest
bus (005-PSW3-001 A/B) are switched OFF, the bus voltage will be at 0.94554 p.u
when the transformer tap setting is set to +2.5%. The transformer tap setting is then
set to its nominal tap to increase the bus voltage. When the tap setting is set to the
nominal tap (blue curve), the bus voltage increase to 0.97022 p.u. Then the
transformer tap setting is further reduced to -2.5% and the bus voltage increase to
0.99835 p.u (pink curve). When the tap setting is set to -5.0%, the bus voltage
increase to 1.02340 p.u (orange curve). In order to kept the bus voltage to the nominal
voltage of the weakest bus (005-PSW3-001 A/B), the tap setting of -2.5% need to be
set. The bus voltage should not be higher than the nominal voltage because higher
voltage can cause damaged to the insulations and cables. So, tap setting of -5.0%

should not be chosen.

The suitable transformer tap setting when all capacitor banks are OFF except at the
weakest bus and when all capacitor bank is ON is also determined. When all
capacitor banks are OFF except the weakest bus, the nominal tap setting should be
chosen io ensure the bus voltage is kept near to its nominal voltage and when all
capacitor bank in the network are ON, the tap setting of -2.5% should be chosen. It
can be seen that the capacitor banks and the transformer tap setting influenced the
voltage of the weakest bus.
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

Project work in the first semester and second semester has met the objectives
of the project. The maximum loading limit of the power network has been determined
by running a load flow analysis and plotting the P-V and Q-V curves (nose curve).
The result has also proved that better load compensation will results in higher power
transfers in the power network while change of the tap setting of a transformer also
improves the bus voltage to a satisfactory value, enhance the load serving ability. It is
important to ensure that the all bus voltage are at their rated voltage during the
operation to prevent over-voltage or insulation damage. An recommend operational
planning for the PETRONAS Penapisan (Melaka) Sdn. Bhd has been prepared. The
success of the project depends on the effort of the student to grab and apply the'
knowledge gained through out the learning stage. A constant meeting and discussion
with lecturers and supervisors has benefited the project a lot. Thus the management
and planning of the project is very critical due to the time constraint. Every stages of
the project have its own set of dateline to be accomplished and met. The author will
also get a valuable knowledge on the load flow analysis and voltage stability analysis.
The knowledge and experiences gained in the related field throughout the project is

indeed very precious in the job market.
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5.2.2 Recommendation for further work

Analysis based on all the weak buses in the network using nose point concept to
further enhance the results of the analysis and to determine the optimum capacitor
deployment and optimum transformer tap setting as well as to obtain more accurate

and reliable value of maximum loading limit of the power network.
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APPENDIX B

SIMULINK MODEL OF THE POWER SYSTEM
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APPENDIX C

PETRONAS TECHNICAL STANDARD
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PTS 33.64.10.10 Electrical Engineering Guidelines

Peak load is calculated from the following formula:

Peak Load = x (%) E +y (%) F +z (%) G

Where

E: sum of all continuously operating loads
F: sum of all intermittent loads

G: sum of all stand-by loads

X, Y, z are diversity factors

The following diversity factors are used:

X 100%

Y : 30% is considered for MOV panels. For other switchgears / switchboards. It
is as much as the largest individual intermittent drive or consumer to be

operated, unless otherwise specified in the following note.

Z:0%
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FLOW REPORT
T 1.3.4

notnbtwo_feeder_nocapbank_1_7sept_01

! Federico Mitano, (c) 2002-2005
t:  fmilano@thunderbox.uwaterloo.ca
te: http://thunderbox.uwaterloo.ca/~fmilano

D:\Final Year Project\sem2\simulink file\no compensation\two
“\netnbtwo_feeder_nocapbank_1_7sept.md]

09-Dec-2006 05:53:25

K STATISTICS

44
: 19
‘ormers: 24
itors: 3
: 22
[ON STATISTICS
- of Iterations: 4
im P mismatch [p.u.] ¢]
im Q mismatch [p.u.] 0
rate [MvAl 1
FLOW RESULTS
v hase
[p.u.] rad]
ww2-0  0.99157 -0.15382
ssw2-0  0.99157 -0.15382
sw3-¢ 1.0109 -0.16352
wsw3-0  1.0109 -0.16352
ww3-0  (0.97244 -0.18377
sw3-0 0.97244 -0.18377
sxW2-0  1.0015 -0.14603
ww2-0 1.0016 -0.14599
mc4-0  0.98611 ~-0.16599
wc4-0  0.98815 -0.16711
ww3-0  0.99793 -0.16898
wwW3-0  0.99799 -0.16895
sw4-0  0.99167 -(.18154
wwa-0  0.99173 -0.1815
wc3-0  1.0131 ~-0.1726
wmc3-0 1.0131 -0.1726
MC4-0  1.0045 -0.18571
MC4-0  1.0045 -(.18571
ww3-0 1.006 ~0.17003
wwW3-0  1.006 -0.17003
swd-0  1.0022 -0.17649
swd-0  1.0022 ~-0.17649
™mc4~-0  0.99285 -(.16096
MC4-0  0.99291 -0.16092
ww3-0 1.0192 -0.15866
sw2-0  1.0021 -0.14552
sw3-1 1 ~-(.06052
ww3-2 1 -0.06052
Ww3-3 1 0
1.0013 -0.14632
1.0013 -0.14601
1.0013 -(0.14602
1.0014 -0.14628
0.99925 -0.14484
0.99052 -0.15521
0.98991 -0.1551
1.0014 -0.14598

P

OO0 O0OOOoOOOOQOOQOODOOOOOOOOOOLOODDOO0

gen
[p.u.]

. 24651
. 24651
.42103

+
[

0
L]
[ ]
=
=

.15691
15691
17712

COOQOOQOOOOOOOOOOOCOOoOOQOOOCOoOOoQLOOOQOOO

Page 1

™
p-

COQOOOOOOOOQOOOOOOOOOCLCLOLOODOODOOO0O

P load
.u.]

.01306
.01306
.08367
.08367

.04762
.04762
.10329
.10329
00994
.00994
.00282
.06282
02668
.02668
. 0629

.0629

-00261
.060261
.01782
.01782
.01654
.0324

0
-

QOOQOOCUOOCOOOOOLOTOOooOOOOOLOOOLODOOOO0O

—

et
c8

.06779
00779
05034
.05034

.02912
.02912
.01061
.01061
.0049
.0049
.00403
.00403
L0171
.0171
.03703
.03703
.0015
. 0015
. 00994
.00994
.00977
.02009



‘LOWS

3us

WSW2-0
sw2-0
SWZ2-0
swW2~-0
SWZ2~0
ww2-0
sw2~-0
Sw2-0
ww2-0
sw2-0
SwWZ2-0
swW2-0
Sw2-0
ssw2-0
"swW2-0
SW2-0
SwW2-0
Sw2-0
sw2-0
sw3-1
swW3-2
'SW3-3

MC3-0

'SwW3-0

SW3-0
sw3-0

Sw3-0
Mc3-0

LOwS

us

Sw2-0
swe-0
Sw2-0
sw2-0

.99052
.99134
. 9899
. 98499
.99134
.0013
. 98991

QOSSO0

T0 Bus

011-Psw2-0
011-psw2-0
000-pPsw2-0
000-P5W2-0

Bus09

Busli

Busl?

Bus26

Busl8

Buslbs

Buslé

Bus33

Bus35

Bus3

Bus5

Bus?

Bus8

Busl3

Bus21l
050-psw2-0
050-pPsw2-0
050-pPsw2-0
013-pPsw3-0
021-pPsw3-0
021-pMC4-0
014-PMC4-0
013-PswW3-0
Q13-pPsw4-0
012-pPMC4-0
021-pPMC4-0
005-Psw3-0
005-Psw3-0
015-Psw4-0
015-PSwW4-0
014-pMC3-0
013-Pswa-0
014-pPMC4A-0
014-pPMC3-0
015-PSwW3-0
012-PMC4-(
015-PSW3-0
001-Psw3-0
001-Psw3-0

TO Bus

050-Psw2-0
050-PSwW2-0
050-Psw2-0
050-Psw2-0
011-psw2-0
011-pPsw2-0
011-pPsw2-0
000-Psw2-0

Lin

[Lelr R NEe T NN W N )

Lin

SO~ STV B BN =

notnbtwo_feeder_nocapbank_1_7sept_01

0.15521
.15387
.15464
.15464
. 15387
. 14605
.1551

e

a

QOOOOOO

P

™
-

(eiel=lelalalelelelelelelelolalaloleletolala ool elalalnlwlelelwlnlolote la oo Lol m e L

Flow
.u.]

.19546
17877
.25371
.25371
L11325
.01654
.01782
(08957
.08375
04777
08957
. 06558
.06558
. 01306
.01306
.04763
08375
.11325
.01782
. 24651
. 24651
.42103
.11323
.01654
.01782
. 02667
.11323
. 00994
04762
.01782
. 08367
.08367
0026

.0026

-08949
. 00994
. 02667
.08949
.0655

04762
.0655

.01306
. 01306

P Flow

Lu.]

.19539
17871
.25196
.25196
.11323
01654
01782
.08949

COOOSOO

Q Flow

[p.

pafedefe Lo lelelejolsfofalelelulslelelfelelelfolelolfalelelolelalolat e w ey ey w el w v v wl~]

u.l

.06793
.05812
L1102

.1102

.01806
. 00977
.01001
.01378
.05144
.03024
.01378
.03844
03844
.00723
.00723
-03023
.05144
.01806
.01001
.15691
.15691
17712
.01829
.01005
.01029
.0176

. 01829
.00506
-03052
.01029
.05366
.05366
.00152
.00152
.01516
.00506
.0176

.01516
.03992
.03052
.03992
. 00796
. 00796

Q Flow

lp.

~0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

Page 2

u. ]

06809
0583

11088
11088
01329
01005
01029
01516

CAQLOODQ

P LOSS
fp.u.]

7e-005
6e-005
0.00175
0.00175
2e-005

7e-005
7e-005
0.00015
7e-005
8e-005
8e-005

le-Q05%
7e-005
2e-005

[=-]

pej=lelelolelolelolaleloloelrlolelelalelolelalalel

P LOsS
[p.u.]

7e-005
6e-005
0.00175
0.00175
2e-005

7e-005

QOCOOOoO

Q LDSS
[p.u.]

-0.00016
-0.00019
-0.00068
-0.00068
-0.00023
-0.00028
-0.00028
-0.00139
-0.00222
-0.00028
~0.00139
-0.,00148
-0.00148
-0.00074
~0.00074
-0.00028
-0.00222
-0.00023
-0.00028
0.028
0.028
.06841
00262
.00028
. 00035
.00035
.00262
.00016
.0014
.00035
.00332
.00332
2e-005
2e-005
.0016
.00016
. 0005
.0016
.00137
.0014
00137
.00017
.00017

COoODQQOOoOOO

o0

QOOQOoOo

Q LOSS
{p.u.l

-0.00016
-0.00019
-0.00068
-0.00068
-0.00023
-0.00028
-0.00028
-0.00139



W2-0
sw2-0
w2-0
W3-0
SW3-0
1C4-0
ACc4-0
w3-0
swa-0
#C4~0
1C4-0
swW3-0
swW3-0
sWa-0
swWa-0
1C3-0
sw4-0
acq-0
1C3-0
sw3-0
awc4-0
w3-0
swW3-0
sW3-0

000-pPsSwW2-0
011-pPswW2-0
000-pPswW2-0
000-pPSw2-0
000-Psw2-0
000-psw2-0
000-PSW2-0
011l-pPsw2-0
000-Psw2-0
011-Psw2-0
011-psw2-0
050-PswW3-1
050-pPsw3-2
050-Psw3-3

Bus09

Busll

Busl?2
014-pMC3-0

Busl3
013-Psw3-0

Busl5s

Bus21

Bus8

Busig
015-Psw3-0
015-Psw3-0

Buslé
013-pPsw3-0
014-pMC3-0

Bus26

Bus33

Bus?

Bus35

Bus3

Bus5S

SUMMARY REPORT

3ENERATION

WWER [

p.u.]

/£ POWER [p.u.]

OAD

WER [

p.u.]

/E POWER [p.u.]

SHUNT

WER [

/E POWER (IND)
/E POWER (CAP)

_OSSES

p.u.]

WER [p.u.]
/E POWER [p.u.]

[p.u.]
[g-u.]

notnbtwo_feeder_| noc%rzggk_l_Tsept _01

-0.08
0.04762
-0.
-0.
-0.
-0.
-0.
.04762
.08367
.11323
.01782
.24651
.24651
. 42103
.11323
.01654
.01782
.02667
.11323
.00994
.04762
.01782
08367
.08367
.0026

.0026

.08949
.00994
.02667
. 08949
.0655

.04762
. 0655

-01306
.01306

-0

0.91405
0.49095

0.90975
0.35844

oo

0.0043
0.13251

367

08949
0655
0655
01306
01306

0.03052

-0.01516
-0.03992

03992

-0.00796

0
0
-0.
0
-0

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

Page 3

.0079%6

03052
05366
01829
01029
12892
12892
10871
01566
00977
00994
0171

01566
0049

02912
00994
05034
05034
0015

0015

01357
0049

0171

01357
03855
02912
03855
00779
00779

7e-005
0.00015
7e-005
8e-005
8e-005
G

0
le-00Q5
7e-005
2e-005

QOO OOOOQLOQOOoOOCOOOOQODOoOoOOoO0D

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

0.

OO0 QDoOOOoOOoOO

OCOoOoOOOoOOOOO



FLOW REPORT

T 1.3.

4

noTNB_two_feeder_caphbank_1_4noviatest_02

Federico mMilano, (c) 2002-2005
fmiTano@thunderbox. uwatertoo. ca
;e http://thunderbox. uwaterloo. ca/~fmilano

o:\Final vear Project\sem2\simulink file\wif compensation\two
\noTNB_two_Ffeeder_capbank_1_4novlatest.mdl

09-Dec-2006 06:02:25

W STATISTICS

‘ormers:
itors:

‘ON STATISTICS

* of Iterations:
im P mismatch [p.u.
m Q mismatch [p.u.

rate [MvA]

FLOW RESULTS

A

[
=

sw2-0
SwW2-0
'SwW3-0
SwW3-0
'SW3-0
'SW3-0
SW2-0
'SW2-0
MC4-0
WMCL-0
'SW3-0
SW3-0
MC3-0
WMC3-0
'SW3-0
'sw3-0
wwd-0
swa-0
MC4-0
MC4-0
swW3-0
Sw2-0
Sw3-1
GyW3-2
Sw3-3

b et e b e B et b et bt e e ot ok ok o e ok ok b e ot b e o o o e et et

.u.]

.016
.016
L0422
L0422
0046
.0046
.0236
.0237
.0147
.0166
.022
.022
.0403
.0403
.035
035
.0314
L0314
.0203
0203
.0459
024

.0234
0234
L0234
.0235
.0214
L0152
.0148
L0159
.0235
.032

L0152
.0159

phase
[rad]

~0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
~0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0,
-0.
-0.
-0.
-0.

-0.
-0.
-0,
-0.
-0.
-0.
-0.
-0.
-0.
-0.
~0.
-0.

15126
15126
16054
16054
1797

1797

14269
14265
16227
16279
16463
16459
1692

1692

16683
16683
17293
17293
15696
15692
15478
14215
05897
05897

14298
14272
14274
14294
14217
15267
15263
17636
1427

18162
15267
1766

COODOOOCOOLOOOOoOCOOOOOOOQOOUOOOLOOOO0

. 24651
. 24651
. 42033

—0
{=}

COoOOOOOoUOOCOCOOOOOCOOUOOCOOCOQOoOCOOOOOOOoOCOOO T
c 0o
b

.09311
09311
11278

Page 1

OCCOOOOOOOOOOODoOOOOOOOOODOOOOOSOOOOoO0O

.01306
.01306
08367
.08367

-04762
04762
10329
10329
.06282
06282
.0629

.0629

.00261
.00261
.01782
01782
.01654
.0324

.00779
.00779
05034
.05034

.02911
.02911
.01061
01061
. 00403
.004G63
.03703
.03703
.0015

. 0015

. 00994
. 00994
.00977
. 02009

. 0049
L0171
-0049



“LOWS

3Us

sW2-0
sw2-0
3s5w2-0
*sw2-0
2sw2-0
asw2 -0
asw2~0
2sw2-0
psw2-0
pswz2-0
Psw2-0
pPswZ -0
Psw2-0
PSw2-0
Psw2-0
Psw2-0
PSW2-0
pPswZz-0
PswW2-0
PSW3-1
PSW3-2
PSW3-3

PMC3-0

PswW3-0

Psw3-0
Psw3-0

PSw3-0
PMC3-0

FLOWS

Bus

Psw2-0
PSW2-0
PSWZ2-0
Psw2-0

.0159

.0147
.0147
.0159
.0234
.0148

PR

To Bus

011-pPsw2-0
011-pPsw2-0
000-pPsw2-0
000-pPsw2-0

Bus09

Busll

Busl2

Bus26

Busl®

Busl5

Buslé

Bus33

Bus35

BUS3

BusS

Bus?

Bus8

Busi3

Bus21
050-Psw2-0
050-Psw2-0
Q50-psw2-0
013-pPsw3-0
021-psw3-0
021-PMC4-0

BUs2>
013-pPsw3-0

BusZ0
012-pMC4-0
021-PMC4-0
005~Psw3-0
005-pPsw3-0
015-pPswd-0
015-psw4-0
014-PMC3-0

Bus27

Bus3Z
014-pMC3-0
015-PswW3-0
012-pPMC4-0
015-Psw3-0
001-pPsw3-0
001-Psw3-0

To Bus

050-Psw2-0
050-Psw2-0
050-Psw2-0
050-pPsw2-0
0il1-pPsw2-0
011-Psw2-0
011-Psw2-0
000-pPsw2-0

-0.
-0.
-0.
-0.
-0.
-0.
~0.

Lin

PR (@ oo~ GV W
W wWwp = O

Lin

OB

NOTNB_two,

1514

18162
15223
15223
1514

14276
15263

e

e

QOO OOOO

P Flow

rﬂ
o

fafelaleleleleleialslelolrlalololololelolelilelalninlelelnloaloeloleolelo})o Lol el Lol Lo

.u.]

.19541
.17876
.25339
.25339
11325
01654
01782
08956
.08373
04773
.08956
06557
.08557
.01306
.01306
.04763
.08373
.11325
01782
.24651
.24651
42033
11323
.01654
01782
.02668
.11323
.00994
04762
.01782
.08367
.08367
.00261
.00261
.0895

. 00994
.02668
. 0895

06551
.04762
.06551
.01306
L1306

P Flow

.u.]

-0.
-0,
-0.
-0.
-0.
-0.
-0.
-0.

19535
17871
25192
25192
11323
01654
01782
0895

QDOOOLOOO

—0

OOLOOCOOOOOOOLOOOUOOOOO T

OOOOOOOOOOoCOoCOOCOOOOO

Flow

.u.

.03271
.02785
05536
.05536
.00848
.00477
. 00367
.00381
.03035
.01598
006381
.02359
.02359
.00101
00101
01592
03035
00848
-00367
.0931L
09311
L11278
.00872
.00506
.00396
01757
.00872
-00505
.01628
.00396
03274
.03274
.00152
.00152
.00528
00503
.Q1757
.00528
.02518
.01622
.02518
. 00023
. 00023

Q Flow

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

Page 2

L. ]

0329

02806
05675
05675
00872
00506
00396
00528

feeder_capbank_1_4novlatest_02

0.
0.02668

(=R oo Joun Jus

P LOSS

[p.u.]

6e-005
5e-005
(.00147
0.00147
2e-005

7e-005
6e-005
0.00011
7e-005
6e-005
6e-005

1le-005
Ge-005

1
o]
(o]
w

C)CDCDC}CDCDCDCDCDCDCDC}EDCDCDC)C)CDC)C)CDC)C)C)CD;f

P Loss
[p.-u.]

6e-005
5e-005
0.00147
0.00147
2e-005

7e-005

-0.
-0.
-0.
-0.
-0.

-0,
-0.
-0.
-0.
-0.

-0.
-0.
-0.
-0.
-0.
-0.
-0.

o

COoOOoQOQOo

COLOOOOOoOoODO0

QOOOOOOOO

o]
=
~§
[y

Q Loss

[p.

-0,
-0.
00139

-0

-0.
-0.
-0.
.00029
-0.

00019
00021

00139
00024
006029

00147



sw2-0
*SW2-0
SW2-0
sw3-0
SW3-0
MC4-0

SW3-0

MCE-0
mcd -0
SwW3-0
*sW3-0
54 -0
NIy
MC3-0

MC3-0
SW3-0
MC4-0
2SW3-0
5w3-0
SW3-0

000-pPsw2-0
011-Pswz2-0
000~-PSW2-0
000-Pswz-0
000-Psw2-0
000-Psw2-0
000-Psw2-0
011-psw2-0
000-pPswZ-0
011-psw2-0
011-pPsw2-0
050-pPsw3-1
050-pPsw3-2
050-PswW3-3

Bus09

Busll

Buslz2
014-pMC3-0

Busl3
013-pPsw3-0

Busls

Busz2l

Bus8

Busl18
015-Psw3-0
015-pPsw3-0

Buslé
013-pPsw3-0
014-pMC3-0

BUSZ26

Bus33

BuUs/

BUs35

Bus3

BuUsS

. SUMMARY REPORT

GENERATION

OWER [

p.u.]

VE POWER [p.u.]

LQAD

JOWER [

p.u.]

VE POWER [p.u.]

SHUNT
OWER [
VE POW
VE POW
LOSSES

OWER [
VE POW

p-u.]

ER (IND) [p.
[p

ER {CAP)

p.u.]
ER [p.u.]

]
-]

noTNB_two_feeder_capbank_1_4novlatest 02

OOOD

-0.
-0.
-0.
-0.
~0.
-0.
-0.
-0.
-0.
-0,
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0,
-0.
-0.
-0,
-0.
.00994

-0

-0.
-0.
-0.
-0.
-0.
-0.
-0.

. 91335

. 299

90975
. 35843

.16913

.00361
1097

08367
04762
0895

0655

06551
01306
01306
04762
08367
11323
01782
24651
24651
42033
11323
01654
01782
02668
11323
00994
04762
01782
08367
08367
00261
00261
0895

02668
0895

06551
04762
06551
01306
01306

-0.
-0.
-0.
-0.
-0.

0.

0.
-0
-0.
~(.
-0.
-0
-0.
-0.
-0.
-0
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

0.

0.

page 3

03274
01628
00528
02518
02518
00023
00023

.0le22

03274
00872
00396
07034
07034
05068
00625

00485

00369
0171
00625
0049
01522
00369
03016
03016
0015
0015
0038
0049
0171
0038
02408
01516
02408
00035
(0035

6e-005
0.00011
7e-005
6e-005
6e-005
0

0
1le-005
6e-005

2e-005

SOOoOQLOOoQOOCOOLOOOOCODo0O

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

SOQOOOOoOCOOQOO

COOoOOOCOOO



FLOW REPCRT

T 1.3.

4

two_ feeder_nocapbani_2_7sept_01

r: Federico Milano, {(c) 2002-2005
I:  fmilano@thunderbox.uwaterloo. ca
te: htip://thunderbox.uwaterloo.ca/~fmilano

p:\Final yvear Pro
“\two_feeder_nocapb

WK STATISTICS

“ormers:
ttors:

‘ON STATISTICS

» of Iterations:

ject\sem2\simulink File\no compensation\two
ank_2_7sept.mdl
09-pDec-2006 05:57:17

Im P mismatch {p.u.]
m Q@ mismatch [p.u.]
rate {Mva]

FLOW RESULTS

[
=

Sw2-0
SW2-0
SwW3-0
sw3-0
sw3-¢
SW3-0
swe-0
SW2-0
MC4-0
MC4-0
SW3-0
SW3-0
swd-0
Sw4-0
MC3-0
MC3-0
MC4-0
MCc4-G
SW3-0
SwW3-0
sWa-0
Sw4~0
MC4-0
wC4-0
SW3-0
sw2-0

Pt Bt et s bt e o €3 € ot 1

Bt b et o b ot et ok e B o o et ot e o e ok fd etk o

phase
[rad]

~0.

-0

-0.
.07671
-0,
-0.
~0.
-0.
~0.
.08018
.08201

-0

-0.
-0.
-0.
-0.
-0.
-0.
~0.
-0,
-0.
-0.
-0.
_0‘
07418
07198

-0

-0.
.02454
.02454

-0.
-0.
~Q.
~0.
~0.
-0.
-0.
-0.

0673

0673

07671

09634
09634
05972
(5969
07909

08198
0942

(09416
08552
08552
06824
(9824
08303
08303
08929
08929
07421

05923

06

05971
05971
05997
05857
06865
06854
05968

CcCOOoOOo
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Busl?2
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BUs35
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050-Psw2-0
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013-Psw3-0
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014-PMC4-0
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013-Psw4-0
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two_feeder_capbank_2_25sept_17

Federico Milano, {c) 2002-2005
[+ fmilano@thunderbox.uwaterloo. ca
re; http://thunderbox.uwaterloo.ca/~fmilano
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0.24651 0.06694 0
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P Flow Q Flow P LOSS
fp.u.] (p.u.] [p.u.]
0.19541 0.03198 6a-005
0.17876 0.02722 5e-005
0.25336 0.05402 0.00144
0.25336 0.05402 0.00144
0.11325 0.00826 2e~005
0.01654 0.00467 0
0.01782 0.00354 0
0.08956 0.00357 7e-005
(.0B373 0.02987 6e-005
0.04773 0.0157 0.00011
0.08556 0.00357 7e-005
0.06557 0.02327 6e-005
0.06557 0.02327 6e-005
0.01306 -0.060117 0
0.01306 -0.00117 ¢
0.04763 0.01564 1e-005
0.08373 0.02987 6e-005
0.11325 0.00826 2e-005
0.01782 0.00354 0
0.24651 0.06694 0
0.24851 0.06694 0
0.17375 0.06182 0
0.11324 0.0085 0
0.01654 0.00497 1]
0.017/82 0.060384 0
0.026638 0.01756 0
0.11324 0.0085 0
0.00994 {.00505 0
0.04762 0.016 0
0.01782 0.00384 0
0.08367 0.03231 0
0.08367 0.03231 0
(0.00261 0.00152 0
0.00261 0.00152 0
0,24651 0.06694 0
0,0895 0.00507 0
0.00994 0.00505 0
0.02668 0.01756 0
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-0.01782 -0.00384
-0.0895 -~0.00507
-0.08367 -0.03231
-0.04762 ~-0.016
~-0.0895 -0.00507
-0.06551 ~0.02489
-0.06551 -0.02489
-0.01306 0.00039
-0.01306 0.00039
-0.04762 -0.01594
~0.08367 -0.03231
-0.11323 -0.0085
-0.01782 -0.00334
-0.24651 -0.04555
-(1. 24651 -0.04555
-0.17375 -0.05067
~0.11324 -0.00608
-0.01654 -0.00476
-0.01782 -0.00358
-0.02668 -0.0171
-0.11324 -0.00608
-0.00994 -0.0049
-0.04762 -0.014%6
-0.01782 -0.06358
-0.08367 -0.02978
-0.08367 -0.02978
-0.00261 ~-0.0015
-0.00261 -0.0015
-0.24651 -0.04555
-0.0895 -0.00362
-0.00994 -0.0049
-0.02668 -0.0171
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=1 Federico milanc, (c) 2002-2005
}:  fmilano@thunderbox.uwaterloo.ca
ze: http://thunderbox.uwaterloo. ca/~fmilanc
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05034

.02912
.02912
.01061
.01061
-0049
. 0049
. 00403
00403
.0171
L0171
.03703
.03703
.0015
.0015
.00994
-00994
00977
.02009



-LOwWS

3us

5W2-0
$wW2-0
[W2-0
282 -0
sw2-0
w2-0
sw2-0
2SWZ-0
S5W2-0
8W2-0
SW2-0
sW2-0
ISW2-0
swW2-0
8W2-0
SW2-0
52 -0
sw2-0
5wW2-0

MC3-Q

sw3-0

25wW3-0
>swW3-0

2sw3-0
MC3-0

“LOWS

us

2sw2-0
SW2-0
sw2-0
wBW2-0

L0125
L0133
L0119
.0119

.0133
.023
.0119

bt ot et bt et e

To Bus

011-Psw2-0
011-psw2-0
000-pPsw2-0
000-pPsw2-0

Bus09

Busil

BuslZ2

BLS26

Busl8

Busl15

Busli6

Bus33

Bus35

Bus3

BUsSS

Bus7

Bus8

Busl3

Bus21
050-pPswz2-0
050-pPsw2-0Q
050-PswW2-0
013-pPsw3-0
021-pPSw3-0
021-PMc4-0
Gl4-pMc4-0
013-Psw3-0
013-Psw4-0
012-pPMC4-0
021-pPMc4-0
005-pPsw3-0
005-Psw3-0
015-pPsw4-0
015-Psw4-0
050-pPsw2-0
050-Psw2-0
014-pPmMC3-0
013-Psw4-0
0l4-pMc4-0
014-PMC3-0
015-Psw3-0
012-pmc4-90
015-Psw3-0
001-pPsw3-0
001-PSw3-0

To BuUs

050-PsW2-0
050-pPsW2-0
050-Psw2-0
050-Psw2-0

OO0

Lin

o R D 00 N G W B W N
Vs WN S

e
1

Lin

N

.01504
.01633
.01559
.01559
.10753
.10753
.01633
.02383
.01514

e

e

two_Teeder_nocapbank_3_7sept_01
0

0 0

0 0

0 0

0 0
0.24651 0.09376
0.24651 0.09376
0 0

0 0

0 0

P Flow Q Flow
(p.u.] lp.u.]
0.19545 0.06765
0.17877 0.05787
G.25362 0.10927
0.25362 0.10927
0.11325 0.01793
0.01654 0.00975
0.01782 0.00998
0.08957 0.01361
0.08374 0.065117
0.04776 0.03017
0.08957 0.01361
0.06558 0.0383
0.06558 0.0383
0.01306 0.00719
0.01306 0.00719
0.04763 0.03016
0.08374 0.05117
0.11325 0.01793
6.01782 0.00998
0.24651 0.09376
0.24651 0.09376
~0.07218 0.08438
0.11323 0.01817
0.01654 0.01004
0.01782 0.01028
0.02668 0.01758
0.11323 0.01817
0.00994 0.00505
0.04762 0.03046
0.01782 0.01028
0.08367 0.05351
0.08367 0.05351
0.00261 0.00152
G.00261 0.00152
0.24651 0.09376
0.24651 0.09376
0.0895 0.01507
0.00994 0.00505
0.02668 0.01758
0.0895 0.01507
0.06551 0.03986
0.04762 0.03046
0.06551 0.03986
0.01306 0.007%6
0.01306 0.00796
P Flow Q Flow
fp.u.j (p.u.]
-0.19538 -0.06783
-0.17871 ~-0.05807
-0.25195% -0.11027
-0.25195 -0.11027
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SOQOQOOo

P LOSS
[p-t.]

7e-005
6e-005
0.00167
0.00167
2e-005

7e-005
7e-005
0.00014
7e-005
7e-005
7e-005

1e-005
7e~-005
2e-005

COOLLOLQACLOOoOoOCOODOOOOOoOOO

P Loss
[p.u.]

7e-005
6e-005
0.00167
0.00167

COOOOO0O

(p.u.l

-(.00018
-0.0002
-0.001
-0.001
-0.006024
-0.00029
-0.00029
-0.00146
-0.00234
-0.00029

| A I T I e |
STt tatolalolololol el ot o lnloloto T o Yoy = F
o
1~
»N
o6
-

COoOoooQOOOO0O
@2
<
=
w
L¥H]

Q Loss
[p.u.]

-0.00018
-0.0002
-0.001
~-0.001



SW2~0
Sw2~0
sW2-0
Sw3-0
5W3-0
M4 -0
McA -0
SW3-0
8wW4 -0
MC4-0
M4 -0
SW3-0
wW3-0
*Siwd -0
Swd-0
SW2-0
SW2-0
MC3-0
Sw4-0
MC4-0
Mc3-0
Sw3-0
MC4-0
'SW3-0
Sw3-0
'SW3-0

011-psw2-0
011-pswZ-0
011-pPsw2-0
GO0-PsSwW2-0
000-PsW2-0
011-pPsw2-0
000-Psw2-0
000-pPsw2-0
Q00-pPsw2-0
000-Psw2-0
000-Psw2-0
011-Psw2-0
000-pPsw2-0
011-Psw2-0
011-pPsw2-0

Bus01

Bus(2

Bus03

Bus09

Buslil

Buslz
014-pMC3-0

Bus13
013-Psw3-0

Bus15

Bus21i

Bus8

Buslg
015-pPsw3-0
015-PswW3-0

Bus36

Bus37

Busl6
013-Psw3-0
014-pPMC3-0

Bus26

Bus33

Bus?

Bus35s

Bus3

BusS

. SUMMARY REPORT

GENERATION
'OWER [p.u.]

VE POWER [p.u.]
LOAD

'OWER [p.u.]

VE POWER [p.u.]
SHUNT

OWER [p.u.]

VE POWER (IND) [p.
VE POWER {CAP) [p.
LOSSES

OWER [p.u.l

VE POWER [p.u.]

u
u.

-3
]

Doo oo L= Y o}

SO

two_feeder_nocap

-0
-0
~0

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-Q.

-0

-0.
-0.
-9.
-0.
-0.

0.
-0.
-0.
-0.
-0.
-0.
-0.
~Q.
-0.
-0.
~0.
-0.
-0.
-0.
-0,
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0,
-0.

.91386
.45942

- 90975
.35844

.00411
. 10099

.11324
.01654
.01782
08949
08367
04762
08949
0&55

06551
01306
01306
.04762
08367
11323
01782
24651
24651
07218
11323
01654
01732
02668
11323
00994
04762
01732
08367
08367
00261
00261
24651
24651
(G895

00994
(2668
(895

06551
04762
06551
01306
01306

-0.
-0.
-0.
-0.
-0.
-0,
-0
-0.
-0.
-0.
-0.
~0.
-0.
-0.
-{.

-0.
-0.
-0.
00977
-0.

-0

-0.
~-{.
~0.
~0.
-0.
-0.
-0.

~0.

-0.
-0.
-0.
-0.
-0.

-0.
-0

-0,

-0.

-0.
-0.
-0.
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bank_3._7sept
-0.01817

01004
01028
01507
05351
03046
01507

.03986

03986
00796
00796
03046
05351
01817
01028
07095
07095
08034
01565

00994
0171

01565
0049

02912
00994
05034
05034
0015

0015

07095
07095
01355
0049

0171

01355
03855
02912
03855
00779
00779

_01
2e-005
0

0
7e-005
7e-005
0.00014
7e-005
7e-005
7e-005
]

0
1e-005
7e~005
2e-005

OCOoO0QOLOOWOLOOOOQAOOOOODOOOOOO

-G.
, 00029
.00029
.00146
.00234
.00029
.00146
.00155
.00155
00077
00077
.0003

.00234
00024
.00029
02281
.02281
. 00404
.00251
.00027
.00034
.000438
.00251
. 00015
.00134
.00034
-00318
.00318

COOCOOQOOOOOIO0

00024

2e-005
2e-005

COQOOOQOQoL

02281
02281
00153
00015
-00048
. 00153
-00131
.00134
.00131
.00016
.00016



FLOW REPORT
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Federice Milano,
- fimiTano@thunderbox.uwaterioo.ca
re: hritp://thunderbox.uwaterloo.ca/~fmilano

D:\Final vear Pro
“\two_feeder_capban

i

(09-Dec~-2006 06:06:46

W STATISTICS

‘ormers:
1tors:

ION STATISTICS

= of Iterations:
m P mismatch {p.u.
i Q mismatch {p.u.

rate [MvAal

FLOW RESULTS

v
[p

Sw2-0
ssw2 -0
Sw3-0
SW3-0
W3-
B3~
w2~
/W2-0
Mc4-0
MCc4-0
swW3-0
wsw3-0
MC3-0
MC3-0
BW3-0
W3-
w4 -0
3SW4 -0
MC4-0
Mc4-0
SW3-0
3EW2-0

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1.
1
1
1
1
i
1
1
1
1
1
1
1
i
1
1
1
1
1

.u.l

L0289
.0289
L0555
.0555
.0178
.0178
.0363
.0363
.0276
0296
.0347
.0348
.0536
.0536
0484
.0484
.0448
.0448
0332
.0332
.059

.0367

.0361
.0361
.0361
L0362
.0341
.028

0277
.0287
0361
. 0453
.028

.0287

phase
[rad]

[
SO0

DOoOOoOOoOQOOoOCOCOOOCOoOCOO0C

i
[}

.0153

L0153

. 00626
. 00626
.01242
.01242
.0237

.02374
. 00458
.0041

.00229
.00234
.00219
.00219
. 00013
.00013
.00582
.00582
. 00978
. 00982
.01191
.02423
.10639
.10638

.02342
.02367
.02365
.02346
.02419
.01393
.01396
.00934
.02369
.0143

. 01393
. 00938

two_Tfeeder_capbank_3_3nov_23

(c) 2002-2005

P gen
[p.u.]

COoQOOOLLLOLOLLOLLLLOQLOOOOOoCLooQod

. 24651
. 24651

07279 -

=0
[in]

COOOOOOOOOoOOOOOOOOOOQQOOOOOOoOOCOCOCOOoOoOOQO T
cm
3

T

.05625
-G5625
.047
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cti\sem\simulink file\wif compensation\two
3_3nov.mdl

P load
.u.]

. 01306
.01306
.08367
.08367

.04762
.04762
.10329
.10329
. 06282
.06282
.0629

0629

00261
.00261
.01782
.01782
.01654
.0324

.00594
-02668
00994

—0

CoOOCOOOOQTORDOLOLLLOOOOoOoOLOLOOLoQOCoOQO T

—
cQ
L]

el

00779
0779
.05034
.05034

.02911
02911
.01061
.01061
00403
.00403
.03703
.03703
0015

. 0015

.00994
. 00994
.00977
.02009

.0049
.0171
.0049



“Lows

s

sw2-0
2$W2 -0
SW2-0
ISW2-0
sw2 -0
sW2-0
wW2-0
sw2-0
3SW2 -0
2sw2-0
sw2-0
5W2-0
>SW2 -0
>sw2-0
>swW2-0
5p2-0
asw2-0
25W2-0
w2~

MC3-0

sw3-0

>sw3-0
25%3-0

sw3-0
MC3-0

“LOWS

3us

2sw2~0
sw2-0
2sw2-0
swZ-0

.02388
0453
0276
.0276

.0288
.0361
0277

e e e e

TO Bus

011-pPsw2-0
011-pPsw2-0
000-psw2-0
000-pPsw2-0
BuUs09
Buslil
Busl?
BlUsZ26
Buslg
Busls
Busl6
Bus33
Bus35
Bus3
BUSS
Bus/
Bus8
Busl3
Bus21t
050-pPsw2-0
050-Psw2-0
050-pPsw2-0
013-pPsw3-0
021-Psw3-0
021-PMC4-0
Bus25
013-Psw3-0
BusZ2{}
012-PMc4-0
021-PMC4-0
005-pP5w3-0
005 -pPsw3-0
015-pPswd-0
015-Psw4-0
050-pPsw2-0
050-pPsw2-0
014-pMC3-0
Bus27
Bus32
014-pPMC3-0
015-pPsw3-0
012-pmc4-0
015-Psw3-0
001-Psw3-0
001-PswW3-0

To Bus

050-Psw2-0
050-pPsw2-0
050-Psw2-0
050-pPswz-0

[afelololelaale)e

01517
.0143

.01435
.01435
. 10639
.10639
01517
.02363
.01396

Line

(D 00 N O L i Wb N et

Line

E-N VIR U

two

. 24651
.24651

DOOoOCOoOOO

P Flow

L]

.19541
17876
25334
25334
L11325
.01654
.01782
.08956
.08373
04773
.08956
06557
.06557
.01306
01306
.04763
.08373
11325
.01782
.24651
. 24651
07279
.11324
.01654
01782
.02668
.11324
.00994
04762
.01782
.08367
.08367
.00261
.00261
. 24651
. 24651
. 0895

.00994
. 02668
.0895

.08551
04762
.0B8551
.01306
.01306

—
=]

COQUOOOOOOOOQOOOCLOOOOOOCOOOLOOOOOOoOOCOoOOooOoOo00

P Elow
[p.u.]

-0.19535
-0.17871
-0.25191
-0.25151

.05625
.05625

SO SOOSOD

=0
-
S ed
-0
—Z=

.03168
.02696
.05347
(5347
00817
.00463
.00349
.00347
02967
.01559
.00347
02314
.02314
00124
00124
.01552
.02967
.00817
.00349
.05625
.05625
047

. 00842
.00493
00379
01756
.00842
. 00505
.01589
. 00379
.03213
.03213
00152
00152
.05625
.05625
.00498
-005G5
01756
. 00493
.02477
.01583
.02477
-0.00045
-0.00045

ODOCOOOOOOOOOOOOCOLOLOOOoOOQOLLOLOLLLOoLOQLCOe T

Q Flow
[p.u.]

-0.03188
-0.02718
-0.05504
-0.05504
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feeder_capbank_3_3nov_23

.02668

QOOOOLODOD

P 10ss
[p.u.]

6e-005
5e-005
0.00143
0.00143
2e-005

7e~-005
be-005
6.00011
7e-005
6e-005
Be-005

1e-005
6e-005
2e-005

COOQQOUCOUOOOOOQOOQOQOOOOCOOOoO0

P Loss
[p.u.]

Be-005
5e-005
0.00143
0.00143

L0171

OO oOOOOoOOO

[p.u.]

-0.0002
-0.000622
-0.00157
-0.00157
-0.00025
-(.0003
-0.0003
-0.00152
-0.00246
~0.0003
-0,00152
-0.00163
-0.00163
-0.0008
-(.0008
-(. 00031
-0.00246
~0.00025
-0.0003

o
[
~N
[}
L}
3}

COoODoOOOoOOCOo O
(o)
[
N
iy

COOQOQOLOOOO
[
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Q LOSS
fp.u.]

-0.0002

-0.00022
-0.00157
-0.00157



3sw2-0
>Sw2-9
SW2-0
Sw3-0
>sw3-0
MC4~0

SwW3-0

MC4-0
MC4 -
sw3-0
<W3-0
3SW4E-0
swd-0
SW2-0
WSw2-0
wmCc3-0

MC3-0
Sw3-0
MC4-0
*SW3-0
SW3~0
SW3-0

011-Pswz2-0
011i-Psw2-0
011-pPsw2-0
00G-PswW2-0
000-pPsw2-0
011-Psw2-0
000-pPsw2-0
000-pPSW2~0
000-pPsw2~-0
000-pPsw2-0
000-pPsw2-0
011-psw2-0
000-Psw2-0
011-Psw2-0
011-PswZ-0

BusOl

Bus(Q2

Bus(3

Bus09

Busll

Busl?2
014-pPMC3-0

Busi3
013-Psw3-0

Busl5

Bus’z1

Bus8

Busls
015-pPsw3-0
015-Psw3-0

BUS36

Bus3i7

Busl16
013-pPsw3-0
014-PMC3-0

BUsZ6

Bus33

Bus/

Bus35

Bus3

Busb

. SUMMARY REPORT

GENERATION

'OWER [p.u.]
VE POWER [p.u.]

LOAD

'OWER [p.u.]
VE POWER fp.u.]

SHUNT

OWER [p.u.]

VE POWER (IND) [p.
(p

VE POWER (CAP)

LOSSES

OWER {p.u.]
VE POWER [p.u.]

-
-]

two_feeder_capbank_3_3nov_23

-0
-0

-0.
-0.
-0.
-0.

-0
-0

-0.
-Q.
-0.

-0

-0.
-0.
-0.
-0.
_0-

0.
~0.

-0

-0.
-0.
-Q.
~0.

-0

-0.
-Q.
-0.
-Q.
-0.
-0.
-0.
-0.
-0.
-0.
-Q.
-0.
-0.
-0.
-Q.

-0

6.91325

0.27198

0.90975
0.35843

SO0

L1735

.00351
.08704

QO

.11323
.01654
01782
0895

08367
04762
-0895

-06551
06551
01306
01306
104762
08367
11324
01782
24651
24651
07279
11324
.01654
01782
02668
11324
00994
-04762
01782
08367
08367
00261
00261
24651
24651
0895

00994
02668
0895

06551
04762
06551
01306
-01306

-0.
-0.
-0.
-0.
-0.
-0,
-0.
-0.

0.

0.
-0
-0
-0,
-0.
-0.
-0.
-0
-0,
-0.
-0.
-0.
-0
-0.
~0.
-Q.
-0
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0
-0.
-0.
-0.

0.

G
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00493
00379
00498
03213
01589
00498
02477
02477
00045
00045

.01583
-03213

00842
00379
03528
03528

.04453

00601
00472
00354
0171

00601

0049
01486
00354

02962

02962
0015
0015
03528
03528
00354
0049
0171

00354

02371
0148

02371
00056

.00056

2e-005
0

0
7e-005
6e-005
0.00011
7e~-005
6e-005
6e-005
0

1]

1e-005
6e-005
22-005

DOOCOOOOOOLOOOCOOCOOODOOSEDO0

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0,
-0.
-0.
-0.
-0.
-0.
-0.
-0.

0.

OO QOooOoOR

COOoOCOOOCOoO



