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ABSTRACT

The aim of deregulation in the electric power industry is to optimize the system
welfare, by introducing competitive environment, mainly among the suppliers.
Developing fair and equitable real and reactive power allocation method has been an
active topic of research, particularly in the new paradigm, with many transactions taking
place at any time. The current tracing method is chosen because this method is simple
and more flexible. Based on solve load flow and network parameter, the method
converts power injections and line flow into real and imaginary current networks. This
current is represented independently as real and imaginary current networks. Since
current network are acyclic lossless networks proportional sharing principle and this
method is used to trace the relationship between current sources and current sinks. From
this relationship of current components of individual generators, it is possible to find real
power contribution of each generator. This method also applied for real power allocation
with a few modification. The advantages of the proposed methodologies are
demonstrated by commonly used test system and TNB systems. The proposed
methodologies provide better reliability and minimize the limitation of conventional real

power allocation method.



ABSTRAK

Matlamat untuk penyahlarasan di dalam industri kuasa elektrik adalah untuk
mengoptimumkan kebaikan sistem tersebut, dengan memperkenalkan suasana yang
kompetitif, terutamanya dikalangan para pembekal. Pembangunan kaedah peruntukan
kuasa sahih yang adil dan saksama telah menjadi tajuk penyelidikan yang aktif,
terutamanya di dalam paradigma baru, dengan urusan yang banyak berlaku pada
sebarang masa. Tesis ini mencadangkan satu kaedah untuk memperuntukkan kuasa
keluaran sahih daripada setiap penjana kepada beban dan aliran sistem. Kedua-dua
kaedah peruntukan yang dibentangkan, boleh digunakan di dalam penyahlarasan sistem
kuasa secara bersendirian. [anya berdasarkan kepada titik operasi semasa sistem tersebut
yang dikira melalui aturcara liran beban A.U. Berdasarkan kepada aliran beban yang
telah diselesaikan dan parameter rangkaian, kaedah tersebut menukarkan suntikan kuasa
dan aliran talian kepada suntikan arus dan aliran sahih dan khayal. Arus tersebut
kemudiannya diwakili secara bersendirian sebagai arus rangkaian sahih dan khayal. Oleh
kerana arus rangkaian adalah rangkaian bukan kitaran tanpa kehilangan, prinsip
perkongsian yang berpatutan digunakan untuk mengesan perkaitan di antara sumber arus
dan destinasi arus. Kaedah pengesanan arus boleh juga digunakan untuk peruntukan
kuasa sahih, dengan beberapa pengubahsuaian. Pilihan bagi sesuatu pemilihan algoritma
bergantung kepada batasan dan kesesuaiannya. Kelebihan kaedah yang dicadangkan
ditunjukkan dengan sistem ujian yang biasa digunakan dan sistem TNB yang sedia ada.
Kaedah yang dicadangkan memberikan keboleharapan yang lebih baik dan

meminimumkan had kaedah peruntukan kuasa sahih konvensional.
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CHAPTER 1

INTRODUCTION

1.1 Background

The electricity supply industry (ESI) through out the world, which has long
been regarded as the largest regulated monopoly, is undergoing enormous changes.
The ESI is evolving into a distributive and competitive industry, with the aim to
improve system efficiency and reduce energy cost, through increased competition

among the industry participants.

Technology improvement, market pressure, politics and legislative initiatives
are the driving forces that facilitate the modern deregulation and reform in the ESI.
The primary steps undertaken in the deregulation process are functional unbundling
of generation, transmission and distribution segments. There are, in addition, major
developments underway to bring about full competition in many sectors of electricity
business, including the implementation of nondiscriminatory transmission open
access and unbundling of ancillary services to name a few. The experience gained
since last decade and the recent movements unveils the success of the deregulation

process. But this success is achieved not without crisis and challenges [2].

Deregulation and unbundling of major entities and services in the ESI
worldwide has given rise to new problems. Many new concepts and terminologies in
the field of power systems had to be reevaluated. A major criticism of the early

models was that it did not address crucial issues such as the use of system charges



and transmission losses on a sound engineering basis. Indeed, at that time of

deregulation, the issue was deemed as too complicated to have a viable solution [1].
Since the new regime is still young, many technical and economical issues

are yet to be solved. It is the unbundling and transmission open access that provides

the introduction for the work of this project.

1.2 Project objective

The objectives of this project are:
1.  To compute the contribution of each generator to the each transmission
line
ii.  To analyse the generator that generates the higher power contribution to
the transmission line.
iii.  To get allocation factor for transmission line that is contributed by

individual generator.

1.3 Project scope

The power transfer and transmission usage allocation are a central issue of
the new cosmos of the deregulated electricity markets. The increased requirements
for fair and transparent allocation and pricing scheme in the competitive environment
, as well as the complexity introduced by unbundling the services, point out why

these issues of great importance and require urgent solutions.

The primary objective of the work reported in the thesis is to determine the
contribution of each generator that is contributed by each of generator to line flows

and loads.



For the purpose of identifying different allocation factors, real power
allocation method is used. The current tracing approach is applied. The obtained
allocation factors are then employed in knowing how much and to what extent each

generator makes use of the system and its service.

The scopes of this project are to study and analyze the conventional real
power allocation method. According to this method, we have to trace current through
the transmission line. In addition, the other scope is to develop and test the proposed
method. Besides, a program is created to calculate real power contribution at the
lines and loads by using MATPOWER and IEEE data in MATLAB. The results will
be displayed through Graphical User Interface (GUI).

MATPOWER is package of M-files for solving power flow and optimal
power flow problems. From that we ignore the optimal power flow because this
project not includes the cost of power flow calculation. There is a lot of information
in MATPOWER. We can know the power problem solvers like Newton’s method,
Fast-Decouple method and Gauss-Seidel method. The default power system solver
based on Newton’s method using on Jacobian, updated at each iteration. From the
MATPOWER and IEEE data, we can know real and reactive power at transmission
line, generation and load, voltage magnitude and its angle. This analysis will also

help to estimate the generator’s share to real transmission lines.

14 Literature Review

The transmission system is the most crucial element that connects the
suppliers and loads. It is an integrated network that is shared by all market
participants and a medium that generators compete to supply their customers. In the
context of deregulated environments, transmission business is taken as a separate
service that provides condition for competition. It is treated separately and funded

independently irrespective of the ownership of the wires. Transmission system is



responsible to provide capacity to transmit power, offer adequate standards of

security and quality of supply [3].

Another strategy the real power pricing problem is to approach it from the
power engineering perspective. Indeed, there are at least two research directions
published in literature using this strategy. The most important method is power

tracing method.

This method compute power flowing for a given generator to each load or
calculates each generator’s contribution to a particular load. If such ‘usage
allocation’ questions are answer clearly and unequivocally, it will be very useful to

ensure the competitive market to be fair and efficient.

Two of most popular types of power tracing method were developed by
D .Kirshen and J.Bialek, respectively. They proposed generation distribution factors
to determine the share of a particular generator in line the flow. Kirshen based his
method on generator domains and started with tracing active power flows from

generators to loads. This method was extended to reactive power in.

Based on a solved power flow solution, all power injection are translated into
real and imaginary currents to avoid the problems arising from a non-linear coupling
between active and reactive power flows caused by losses. The method then trace
these currents to determine how much current each source supplies to each sink. This
current contribution can then be translated into contributions to the active and
reactive power output of the generators. Bialek introduced a topological method to
allocate the supplementary transmission charge to active and reactive loads. Another
method for determine the share of the generator in a customer load has been
developed based on the nodal generation distribution factors. It is stated that this
method can be used for both active and reactive power flows since the transmission

losses are taken into account [4].

Although the power tracing method emphasizes the technical aspect of

reactive power procurement and brings up a potential research direction, the



published methods all have some disadvantages. For example references use active
and reactive current. The methodology seems to be interesting and mathematically
correct. However, it has no physical meaning and can be difficult to implement in
practice. In general, these methods are more appropriate for active power than for
reactive power. Furthermore, some of them lack technical foundation and sometimes

are based on untenable assumptions.

1.5 Thesis Outline

In Chapter 1, the literature review, objective and scope of the project is
discussed in details. The literature review is about the history of deregulation for
power system such as about the application and the aim of deregulation in the

electric power system.

In Chapter 2, the deregulated power system and real power allocation method
are explained characteristics of real power allocation methods and current flow

network is discussed more details.

In chapter 3, the methodology is discussed. Current tracing method is applied.
This method is explained more details in this chapter. In addition, the flow chart
about the main process in real power allocation methodology and flowchart for work

progress is discussed.

In Chapter 4, the proposed real power allocation methods have been tested
and analyzed for Test System I, Test System II and Test System III bus systems. The

results of the project are discussed and analyzed in this chapter.

The conclusions of this project can be found in Chapter 5. Moreover, some

suggestions on the extensions to potential topics for future research are presented.



CHAPTER 2

REAL POWER ALLOCATION FOR DEREGULATED POWER SYSTEM

2.1 Introduction

Deregulation and unbundling of major entities and services in the electricity
supply industry (ESI) worldwide has given arise to new problems. Many new
concepts and terminologies in the field of power systems had to be reevaluated. The
main objective in the electric industry restructuring is to bring fairness and open
access to the transmission network. Fairness can only be achieved by adopting a fair
and transparent usage allocation methodology acceptable for all parties. It is become
an important thing to know the role of individual generators to loads to transmission
wires and power transfer between individual generators to loads. A basic requirement
in the supply of electricity is to ensure that the voltage magnitude is within a
specified range at each bus. This chapter will discuss a lot of about real power in
power system. Then, a new method based on the current tracing method is

developed.

2.2 Real Power Allocation Method

The principal difficulty in allocating transmission usage to loads, generators
or to bilateral contracts is that, regardless of the approach, the final allocation always

contains some degree of arbitrariness.



This is due to the fact that the system transmission quantities are a non-
separable, nonlinear function of the bus power injections, which makes it impossible
to divide the system usage and/or losses into the sum of terms, each one uniquely
attributable to a generation or load. Thus, the issue of fairness will probably never be
fully resolved by any allocation .Nevertheless, it is possible to identify a number of
characteristics in an allocation scheme that are, arguably reasonable and necessary

for the scheme to be equitable, or at least, acknowledged as equitable.

In general, the allocated methods should reflect the magnitude of the power
or current injections at each bus, reflect the relative position of the bus in the
network, reflect both the network topology and the voltage-current relationships, and

are simple to understand and implement, and be consistent with a solved load flow.

23 Deregulation Power System

The aim of deregulation in the electric power industry is to optimize the
system welfare, by introducing competitive environment, mainly among the

suppliers.

In a deregulated power system structure, the transmission system is used by
multiple generation and load entities under the bilateral or multilateral transactions.
Some methodology should be developed to allocate various transmission system
quantities such as line MW and MVAR flows and MW losses. If these quantities are
allocated accurately to an individual line, these can be summed for each area or zone

to determine its allocation to each transaction.



24  AC Load Flow Techniques

Starting from AC power flow solution one can convert the complex power
injections and line flows into complex current equivalents. Injected currents, line

currents and currents due to shunt elements can be represented respectively as:

Tinj = (Si/ Vi)’ (2.1)
Lnj = yij (Vi-V)) (2.2)
L sh=yi sh (Vi) (2.3)
Where;

Iinj = injected current of bus 1

Si = injected power of bus 1

Vi = voltage at bus 1

V; = voltage at bus |

Yi sh = equivalent shunt admittance at bus 1
Ii sn = current flow through y;

Iij = line current from bus 1 to bus j

yij = series admittance of the line, I;; between buses 1 and j.

The complex current flow network obtained can be further decoupled into
real and imaginary current networks since the real and imaginary component of the
current are orthogonal and Kirchoff's current law (KCL) can be applied to each of

them independently.



2.5  Acyclic Properties of Current Flow Networks

The most power flow tracing methods are suitable only to systems without
circulating flows. But it is true that generally, there are several loops in real power
flow networks. The reason is that many types of elements behave as real power
sources and things are no more complex than tracing only reactive power. In this
section, acyclic property of real and imaginary current networks is proved based on

some reasonable assumptions. It is mainly drawn from reference [2].

V., Busn I, 1Xa Bus1l V;
sl X
\%
Sn —1
Bus 2
L]+
S>
X2
— [

S3 - - 3

V4 Bus 4 Bus 3

Figure 2.1: Acyclic nature of current flow networks.

Figure 2.1 shows the acyclic nature of current flow networks. V; to V,
indicates the complex voltages, I; to I, and S; to S, are the complex current and
power transferred through the branches respectively. For transformers and high
voltage transmission lines, it is reasonable to neglect their resistances since they are
very small compare to the reactance. This simplification will not affect the
calculation precision notably, and therefore, the branch impedances are represented

as jX; to jXy.
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2.6  Summary

The proposed real power allocation method can be utilized, suitable and very
efficient in deregulated power systems. In addition, the complex current flow
network obtained can be further decoupled into real and imaginary current networks
since the real and imaginary component of the current are orthogonal and Kirchoff's

current law (KCL) can be applied to each of them independently.
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CHAPTER 3

CURRENT TRACING METHOD

3.1 Introduction

This chapter will explain about the methodology to identify generator
contribution of real power to loads and flow by using current tracing method.
According to current tracing method, we have to calculate the real power
contribution at the transmission line and to determine generator’s contribution of real
power to loads and flows. In this project, we have to make a programming and do
analysis. The flow chart in the next subchapter shows about the operation for

executing this engineering project.

3.2 MATLAB

MATLAB is a high-performance language for technical computing. The
name MATLAB stands for matrix laboratory. It integrates computation,
visualization, and programming in an easy-to-use environment where problems and

solutions are expressed in familiar mathematical notation.
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3.2.1 MATLAB Application

Many applications can use with the MATLAB. The typical uses include:
a) Math and computation.

b) Algorithm development.

c¢) Data acquisition.

d) Modeling, simulation, and prototyping.

e) Data analysis, exploration, and visualization.

f) Scientific and engineering graphics.

3.2.2 1EEE and MATPOWER

MATPOWER is a package of MATLAB M-files for solving power flow and
optimal power flow problems. It is intended as a simulation tool for researchers and
educators that are easy to use and modify. MATPOWER is designed to give the best

performance possible while keeping the code simple to understand and modify.

IEEE is an association dedicated to the fostering of technological innovation
and excellence for the benefit of humanity, is the world’s largest technical
professional society. The IEEE publishes nearly a third of the world’s technical
literature in electrical engineering, computer science and electronics. This includes
about 130 journals, transactions and magazines and over 400 conference proceedings
published annually. IEEE also produces technical books, monographs, guides and

textbooks. Furthermore, I get and refer data from this association.

33 Current Tracing Method

Current Tracing Method 1s used to calculate the contribution of individual
generators and loads to line flows and the real power transfer between individual

generators and loads that are significant to transmission open access. Based on ac
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load flow solution, a novel method is used which can decide downstream and
upstream power flow tracing paths very fast and calculate contribution factors and
generations and loads to line flow efficiently. The power transfer between generators
and loads can be determined. In according to this thesis, current tracing is used to

trace the current flow networks.

3.3.1 Introduction

Current tracing is quite mature and especially suitable to tackle such network
topology related issue. In our case directed graph is used. The vertices of the graph
are system buses and the edges of the graph are lines and transformers. The direction
of each edge is the direction of power flow inside. The directed graph of active

power flow may be different from that of reactive power flow in edge directions.

Related lemmas are presented and proved first which presents the necessary
conditions to guarantee the feasibility of the suggested method in power flow tracing.
Then based on the widely used bus-line incident matrix, downstream and upstream
tracing sequences are determined at ease. A novel approach is suggested to calculate
the contribution factors of individual generations and loads to the line flows

respectively [6].

The method assumes that a generator has the priority to provide power to the
load on the same bus and is based on the following lemmas of current tracing

method.

Lemma 1: A lossless, finite-nodes power system without loop flow has at

least one pure source, i.e. a generator bus with all incident lines carrying outflows.

Lemma 2: A lossless, finite-nodes power system without loop flow has at

least one pure sink, i.e. a load bus with all incident lines carrying inflows.
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3.3.2 Contribution and Extraction Factors

The downstream tracing (DSTR) is used for calculating the contribution
factors of individual generators to line flows and loads. The tracing path is
determined by the method and starting from a pure source. For our example, the
DSTR sequence is bus 1, bus 2, bus 3 and bus 4. The state variable in DSTR is the
net generator power to solve the problem we first build up two matrices. One is
extraction factor matrix of lines and loads from bus total passing current. The other is
contribution factor matrix of generators to bus total passing current. The product of
these two matrices constitutes the contribution factors of generators to line flows and

loads.

(i1) Extraction factors of lines and loads from bus total passing current

We first build up an extraction factor matrix (A;) of lines from total passing
current of their upstream buses, i.e. I; =A..I. Here I, is the vector of line current. I is
the vector of bus total passing current in the bus sequence of downstream tracing and
calculated from ac load flow solution. The nonzero element in A; is calculated as

follows [1]:

line j° s current flow

(3.1)

(A s =7
Pl bt busi'stotal pass current I,

Where bus i is the upstream bus of line j. [; includes both line inflow current
and net generator injection current to bus i calculated from load flow solution.
Similarly we can form an extraction factor matrix (Ar) of loads from total passing
current of their located buses, i.e. It = Ar.I. The vector of load current I, takes the

same sequence as vector I, therefore matrix will be a diagonal matrix where

0 i ¢net load buses

( AL )” _ Lnet load cu;;rent onbusi i enet load buses (3.2)

1

(i1) Contribution factors of generators to bus total passing current
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The next step involves the calculation of contribution factor matrix, B of
generators to bus total passing current. Mathematically this can be expressed as [ =

B.Ig. The elements of B are calculated using the equation given below:

Bbusfi,bus—k
1 ( k =i,k enet gen.buses)
0 (k =i,k ¢ net gen.buses))
= 0 (k>1)
0 (k < i,k ¢net gen.buses)
]Z-(AZI —m
B ) (k < i,k enet gen.buses) (3.3)

Where k < i means k is an upstream bus of bus i, and k > I means k is a
downstream bus of bus 1 . The last expression is for the lower triangular nonzero
elements. The term I;e; means line j is an inflow line of bus 1. Aj_ is the unique
nonzero element corresponding to line j in matrix A; with bus m as its upstream
terminal. By,  is the element in matrix B already calculated which represents the
contribution of generator k to the total injection current of bus. By substituting [ =
B.Ig in I; = A;.I and I;= AL.I contribution of each generator to line flows and loads

can be calculated.
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3.3.3 Establishing Current Flow Networks

It is important to note that the converted currents satisfy the conditions of
KCL independently for both real and imaginary current components for any node
under consideration. Besides equation (3.1) and (3.2) implies that the may not

necessary be equal to even if the real power at the sending and receiving terminal of

the line are the same (lossless line).

Pi *
I, = (;j (3.4)
1|1 *
i v (3.5)

3.3.4 Current Contribution of Generators to Line Flows

The complex current contributed by each generator g to each equivalent line

section is simply:

I;k — (];1\’_74 +j[;k_im ) (36)

3.3.5 Translating Currents to Real Power

The current contribution is translated into real power contribution by using:

P = Re{Vi (r* )} (3.7)
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34 Flow Chart

In this project, there are two important aspects to be implemented in order to
make sure this project success, programming aspects and analysis aspect. The
programming part gives student a skill in MATLAB. In addition, this software gives
a lot of knowledge and information to the student. The analysis part allows the

student to get more understanding of programming that is done.

Figure 3.1 shows current tracing approach for real power allocation. Firstly,
power flow program is run and the load flow solution is obtained by using
MATPOWER and IEEE data. Then, real power flows and injections are translated
into currents. This can be done by using the equation (3.3) and (3.4) as mentioned

before.

Then, the actual network is converted into two equivalent real and imaginary
current networks. A next, real and imaginary current component is combined that is
attributed to each generator as shown in equation (3.5). Then, the real and imaginary
current is converted into real power. The equation (3.6) is applied. At this condition,
current tracing method is applied. The contribution of each generator to lines and
loads is computed. The generator that generates higher to transmission lines is

determined.

Figure 3.2 shows the flowchart of work progress. The first step is select test
system. MATPOWER or IEEE data is applied to obtained load flow solution. Then,
the data taken is run in MATLAB. The programming is created in M-file. Real
power data taken from load flow solution is used as a basic tool on making the
program. Next, the program is run by using the proposed method, current tracing
method. Test system for 4, 9 and 14 bus is applied. Then, the data obtained are

collected and analyzed shown in the tables on Chapter 4.



Input system data under study

\ 4

Run power flow program and
obtain the load flow solution

A 4

Translate complex power flows and
injections into currents

A 4

Convert the actual network into two
equivalent real and imaginary current
networks

Combine real and imaginary current
components attributed to each generator.

Current Tracing
Method

Convert real and imaginary current into real
power

Step 8

Calculate

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

Step 9(ii)
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v

What

Contribution to
System lines

Step 9(i)

Calculate individual generator
contribution to lines.

Contribution to
system loads

For each load bus identify all
inflow and outflow branches
attributed to each generator

A 4

Calculate individual generator
contribution to loads.

Step 10

Stop |«

Figure 3.1 Development current tracing approach for real power allocation



Where;

i.  For Step 3;

* using equation (3.4) and (3.5)

ii.  For Step 5;

* using equation (3.6)

iii.  For Step 6;

* using equation (3.7)
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NO

Running
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Test to Other TNB SYSTEM
System

i

Collect Data

11

Finish

Figure 3.2: Flow chart of work progress



3.5  Summary

In this thesis current tracing method is applied to calculate the contribution
factors of individual generators to line flows and loads and the extraction factors of
individual loads from line flows and generators. The power transfer allocation
between individual generators and loads are significant to transmission open access.
Related lemmas have been proved to guarantee the feasibility of the method. Bus-
inflow-line and bus-outflow-line incident matrices are built up to fast determine the

downstream and up-stream power flow tracing sequences.

The DSTR is performed to determine the contribution factors of generations
to the line flows and loads, whereas USTR is performed to determine the extraction
factors of individual loads from line flows and generators. The suggested method is

very efficient and suitable for use in real power systems.



CHAPTER 4

RESULTS AND ANALYSIS

4.1 Introduction

Case studies on different test systems and is used to illustrate the design,
qualities and some limitations of proposed methods described in Chapter 3, real
power allocation. The systems used for illustrating the power allocation methods are

the following.

* Test System I - 4-bus test system
* Test System II — 9-bus test system

* Test System III — 14-bus test system

Each of the above system has their unique features, which may be required
demonstrate the performance of the methods. The following sections describe the
case studies for the allocation of real power output of generators each of the above

systems respectively.



4.2 Real Power Results

The current tracing method is discussed in Chapter 3 for calculating
generators’ real power shares to system lines and loads was extensively tested.

Results are presented for the test systems are shown below.

4.2.1 TEST SYSTEM I -4-BUS TEST SYSTEM

The 4-bus system consists of two generators supplying the system lines and
loads. The generators supplied the real power to 2 loads and 4 line flows. The data
collected is shown in the tables below. The contribution of generator 1 and generator
2 to system lines and loads is analyzed respectively by using current tracing

approach.



4.2.1.1 Current Flow Network

1.3678 1.7311
BUS 1 0.3862 BUS 2
—
l 0.9803 T 1.0269
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Figure 4.1: Real Current flow network in real power allocation for the 4-bus

test system.

Figure 4.1 shows the real current flow for 4 bus test system. By using
equations (3.4) and (3.5) in Chapter 3, the power injections and flows can be
converted into real current equivalents. From the figure above, the converted bus

current injections and its corresponding line current flows are shown.
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Figure 4.2 : Imaginary Current flow network in real power allocation for the

4-bus test system.

Figure 4.2 shows the imaginary current flow for 4 bus test system. By using
equations (3.4) and (3.5) in Chapter 3, the power injections and flows can be
converted into imaginary current equivalents. From the figure above, the converted

bus current injections and its corresponding line current flows are shown.



Table 4.1: The contribution of generator 1 and generator 4 to system lines in real

current (A).

LINE SUPPLIED BY(A)
GEN 1 GEN 4
1-2 0.2824 0.0000
1-3 0.7167 0.0000
4-3 0.000 0.5589
4-2 0.000 0.4395
TOTAL 0.9991 0.9984

Table 4.2: The contribution of generator 1 and generator 4 to system loads in real

current (A).
LOAD SUPPLIED BY(A)
GEN 1 GEN 4
1 0.2824 0.4395
2 0.7167 0.5597
TOTAL 0.9991 0.9984

Table 4.1 and Table 4.2 shows the contribution of generator 1 and generator 4
to system lines and loads respectively in real current (A).Current tracing method i1s
applied to compute the contribution (allocation factor) of generator 1 and generator 4
to system lines and loads. Previously, we have to convert real power injections into a
bus and its corresponding line power flows to currents using the equation (3.4) and
(3.5) in Chapter 3 respectively. The complex current contributed by each generator g

to each equivalent line section is form by equation (3.6).



Table 4.3: The contribution of generator 1 and generator 4 to system lines in real

power (MW).

LINE SUPPLIED BY(MW)
GEN 1 GEN 4
1-2 0.2824 0.000
1-3 0.7167 0.000
4-3 0.000 0.5698
4-2 0.000 0.4481
TOTAL 0.9991 1.0179

Table 4.4: The contribution of generator 1 and generator 4 to system loads in real

power (MW).

LOAD SUPPLIED BY(MW)
GEN 1 GEN 4
1 0.2824 0.5691
2 0.7167 0.4475
TOTAL 0.9991 1.0166

Table 4.3 and Table 4.4 shows the contribution of generator 1 and generator 4
to system lines and loads respectively in real power (MW). Current tracing method is
applied to compute the contribution (allocation factor) of generator 1 and generator 4
to system lines and loads. By using equation (3.7) in Chapter 3, then we can translate

the real current at the lines and loads into real power contributions.
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Figure 4.3 shows the contribution of generator 1 to system lines in real power
(MW). From this figure, observe that generator at bus 1 provides real power to 2
lines, line (1-2) and line (1-3) but the generator at bus 4 also utilizes 2 lines, line (4-

2) and line (4-3) as shown in Figure 4.7.



Figure 4.4 shows the percent of the contribution of generator 1 to system
lines. This is called allocation factor. Generator at bus 1 contributes higher real
power to line (1-3) compared to line (1-3) is about 67% and 37% respectively while
generator at bus 4 contributes higher real power to line (4-2) compared to line (4-3)

is about 67% and 37% respectively in Figure 4.8.

Figure 4.5 shows the contribution of generator 1 to system loads in real
power (MW). It can be observed that generator at bus 1 provides real power to two
loads (load at bus 2 and bus 3). Generator at bus 1 supply higher real power to load
at bus 3 compared to load at bus 2 while in the Figure 4.9 shows contribution of

generator 4 to system loads in real power (MW).

The percentage of the contribution of generator 1 to system loads is shown in
the Figure 4.6. Generator at bus 1 is responsible to share higher real power to load 2
at bus 3, about 67% and 37% for load 1 at bus 2. Figure 4.10 also show the percent
of the contribution of generator 4 to system loads. Generator at bus 4 is responsible

to share higher real power to load 1 at bus 2, about 67% and 37% for load 2 at bus 3.
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Figure 4.11: Real power transfer and line usage allocation result for the 4-bus

system.

From Figure 4.11, it can be seen that generator at bus 1 is the biggest contributor
to load at bus 2 only while generator at bus 4 is the biggest contributor to lines flows and
to loads. Generator 1 uses all the lines except the line between buses 2 and 4 and line
between buses 3 and 4 which carry zero MW and supply almost less than 50 percent of
all consumers’ energy. On the other hand generator at bus 1 did not use lines between
bus 3 and 4 and bus 2 and 4. It is supplied completely by generator at bus 4. Besides
generator at bus 4 uses all the lines except the line between buses 1 and 2 and line
between buses 1 and 3 which carry zero MW and supply almost more than 50 percent of

all consumers’ energy.



4.2.2 TEST SYSTEM 11 - 9-BUS TEST SYSTEM

The 9-bus system consists of three generators supplying the system lines and
loads. The generators supplied the real power to three loads and six line flows. The data
collected is shown in the tables below. The contribution of generator 1, generator 2 and
generator 3 to system lines and loads is analyzed respectively by using current tracing

approach.

4.2.2.1 Current Flow Network
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Figure 4.12: Real Current flow network in real power allocation for the 9-bus

test system.



Figure 4.12 shows the real current flow for 9-bus test system. By using equations
(3.4) and (3.5) in Chapter 3, the power injections and flows can be converted into real
current equivalents. From the figure above, the converted bus current injections and its

corresponding line current flows are shown.
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Figure 4.13: Imaginary Current flow network in real power allocation for the

9-bus test system.



Figure 4.13 shows the imaginary current flow for 9-bus test system. By using

equations (3.3) and (3.4) in Chapter 3, the power injections and flows can be converted

into imaginary current equivalents. From the figure above, the converted bus current

injections and its corresponding line current flows are shown.

Table 4.5: The contribution of generator 1, 2 and 3 to system lines in real current (A).

LINE SUPPLIED BY (A)

GEN 1 GEN 2 GEN3
Line 4-5 0.4168 0.0000 0.000
Line 4-9 0.5794 0.0000 0.000
Line 6-5 0.0000 0.0000 0.6987
Line 6-7 0.0000 0.0000 0.2798
Line 8-7 0.0000 0.4577 0.00000
Line 8-9 0.0000 0.5065 0.00000
TOTAL 0.9962 0.9642 0.9785

Table 4.6: The contribution of generator 1, 2 and 3 to system loads in real current (A).

LOAD SUPPLIED BY (A)
GEN 1 GEN 2 GEN3
Load 1 0.3715 0.0000 0.6285
Load 2 0.0000 0.3741 0.6260
Load 3 0.5274 0.4726 0.0000
TOTAL 0.8989 0.8467 1.2545




Table 4.5 and Table 4.6 shows the contribution of generator 1, generator 2 and
generator 3 to system lines and loads respectively in real current (A).Current tracing
method is applied to compute the contribution (allocation factor) of generator 1,
generator 2 and generator 3 to system lines and loads. Previously, we have to convert
real power injections into a bus and its corresponding line power flows to currents using
the equation (3.4) and (3.5) in Chapter 3 respectively. The complex current contributed

by each generator g to each equivalent line section is form by equation (3.6).

Table 4.7: The contribution of generator 1, 2 and 3 to system lines in real power

(MW).

LINE SUPPLIED BY (MW)

GEN 1 GEN 2 GEN3
Line 4-5 0.4110 0.0000 0.000
Line 4-9 0.5704 0.0000 0.000
Line 6-5 0.0000 0.0000 0.7004
Line 6-7 0.0000 0.0000 0.2805
Line 8-7 0.0000 0.4549 0.0000
Line 8-9 0.0000 0.5034 0.0000
TOTAL 0.9814 0.9583 0.9809




Table 4.8: The contribution of generator 1, 2 and 3 to system loads in real power

(MW).

LOAD SUPPLIED BY (MW)
GEN 1 GEN 2 GEN3
Load 1 0.3660 0.0000 0.6300
Load 2 0.0000 0.3720 0.6240
Load 3 0.5200 0.4700 0.0000
TOTAL 0.8860 0.8420 1.2540

Table 4.7 and Table 4.8 shows the contribution of generator 1, generator 2 and
generator 3 to system lines and loads respectively in real power (MW).Current tracing
method is applied to compute the contribution (allocation factor) of generator 1,
generator 2 and generator 3 to system lines and loads. By using equation (3.6) in
Chapter 3, then we can translate the real current at the lines and loads into real power

contributions.



4.2.2.2 Results
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Figure 4.14 shows the contribution of generator 1 to system lines in real
power (MW). From this figure, observe that generator at bus 1 provides real power
to 2 lines, line (4-5) and line (4-9) and the generator 2 at bus 2 also utilizes 2 lines,
line (8-7) and line (8-9) as shown in Figure 4.16. From Figure 4.18, generator 3 at

bus 3 also provides real power to 2 lines, line (6-5) and line (6-7).

Figure 4.15 shows the percent of the contribution of generator 1 to system
lines. This is also called allocation factor. Generator at bus 1 contributes higher real
power to line (4-9) compared to line (4-5) is about 58% and 42% respectively while
generator 2 at bus 2 contributes higher real power to line (8-9) compared to line (8-7)
is about 53% and 47% respectively in Figure 4.17. Besides, in Figure 4.19, generator
3 at bus 3 contributes higher real power to line (6-9) compared to line (6-5) is about

71% and 29% respectively.



CONTRIBUTION FROM GENERATOR 1
AND 3 TO LOAD 1(BUS 5) REAL POWER FLOWS

GENERATOR 1 GEMERATOR 3
REAL POWER(MWY)

Figure 4.20: Contribution of
Generator 1 and 3 to load 1 in real

power (MW).

CONTRIBUTION FROM GENERATOR 2
AND 3 TO LOAD 2(BUS 7) REAL POWER FLOWS

GEMERATOR 2 GEMERATOR 3
REAL POWER(MYY)

Figure 4.22: Contribution of

Generator 2 and 3 to load 2 in real

power (MW).

PERCENT OF CONTRIBUTION FROM GENERATOR 1
AND 3 TO LOAD 1(BUS 5) REAL POWER FLOWS

LOAD 1

GENERATOR 1

B3%
GENERATOR 3

%

Figure 4.21: Percent of contribution of
generator 1 and 3 to load 1 in real power

(MW).

PERCENT OF CONTRIBUTION FROM GENERATOR 2
AND 3 TO LOAD 2(BUS 7) REAL POWER FLOWS

LOAD 2

GENERATOR 2

B2%
GENERATOR 3

7%

Figure 4.23: Percent of contribution of
generator 2 and 3 to load 2 in real power

(MW).



CONTRIBUTION FROM GENERATOR 1 PERCENT OF CONTRIBUTION FROM GENERATOR 1
AND 2TO LOAD 3(BUS 9) REAL POWER FLOWS AND 2 TO LOAD 3(BUS 9) REAL POWER FLOWS

LOAD 3

47%
GENERATOR 1

GENERATOR 2

52%

GEMNERATOR 1 GEMERATOR 2
REAL POWER{MWY)

Figure 4.24: Contribution of Figure 4.25: Percent of contribution of
Generator 1 and 2 to load 3 in real generator 1 and 2 to load 3 in real
power (MW). power (MW).

Bars represent the share of individual generators in every line and load both
in MW. Figure 4.20 shows the contribution of generator 1 and generator 3 to system
loads in real power (MW). It can be observed that generator 1 and generator 3 only
provides real power to one load at bus 5. We can see that generator 3 supplies higher
real power to load at bus 5 compared to generator 1 while in the Figure 4.22 shows
contribution of generator 2 and generator 3 to system loads in real power (MW). It
can be observed that generator 2 and generator 3 only provides real power to one
load at bus 7. We can see that generator 3 supplies higher real power to load at bus 7

compared to generator 2.

Besides, Figure 4.24 shows the contribution of generator 1 and generator 2 to
system loads in real power (MW). It can be observed that generator 1 and generator
2 only provides real power to one load at bus 9. We can see that generator 2 supplies

higher real power to load at bus 5 compared to generator 1.



Pie shows the share of individual generators in every load in percentage and
in MW. The percentage of the contribution of generator 1 and generator 3 to system
loads is shown in the Figure 4.21. This is also called allocation factor. Generator at
bus 3 is responsible to share higher real power to load 1 at bus 5, about 63% and

37% by generator 1.

Figure 4.23 also show the percent of contribution of generator 2 and
generator 3 to system loads. Generator 3 is responsible to share higher real power to

load 2 at bus 7, about 62% and 37% by generator 2.

Figure 4.25 also show the percent of the contribution of generator 1 and
generator 2 to system loads. Generator 2 is responsible to share higher real power to

load 3 at bus 9, about 52% and 47% by generator 1.
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Figure 4.26: Real power transfer and line usage allocation result for the 9-bus

system.



From Figure 4.26, it can be seen that generator 3 at bus 3 is the biggest
contributor to lines flow and to load compared to generator 1 and generator 2.
Generator 3 uses two lines, line between bus 6 and 5 and line between bus 6 and 7
We can see that, generator 3 contribute higher real power at the line between bus 6
and 5. Load at bus 5 and the load at bus 7 received higher energy contributed by

generator 3. It supplies almost more than 50 percent of all consumer’s energy.

Besides, generator 2 generates more real power compared to generator 1 and

generator but lowest contributor to line flow and load.

4.2.3 TEST SYSTEM III — 14-BUS TEST SYSTEM

The 4-bus system consists of two generators supplying the system lines and
loads. The generators supplied the real power to 10 loads and 20 line flows. The data
collected is shown in the tables below. The contribution of generator 1 and generator
2 to system lines and loads is analyzed respectively by using current tracing

approach.



4.2.3.1 Current Flow Network
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Figure 4.27: Real Current flow network in real power allocation for the 14-

bus test system.

Figure 4.27 shows the real current flow for 14 bus test system. By using
equations (3.4) and (3.5) in Chapter 3, the power injections and flows can be
converted into real current equivalents. From the figure above, the converted bus

current injections and its corresponding line current flows are shown.
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Figure 4.28: Imaginary Current flow network in real power allocation for the

14 bus test system.

Figure 4.28 shows the imaginary current flow for 14 bus test system. By
using equations (3.4) and (3.5) in Chapter 3, the power injections and flows can be
converted into imaginary current equivalents. From the figure above, the converted
bus current injections and its corresponding line current flows are shown.

Table 4.9: The contribution of generator 1 and generator 2 to system lines in real in

real current (A).



Table 4.10: The contribution of generator 1 and generator 2 to system loads in real

current (A).
LINE SUPPLIED BY (A)

GEN 1 GEN 2

Line 1-2 0.6750 0.000
Line 1-5 0.3250 0.000
Line 2-3 0.2893 0.4286
Line 2-4 0.2217 0.3285
Line 2-5 0.1640 0.2428
Line 4-3 0.1196 0.1137
Line 4-7 1.2736 1.2126
Line 4-9 0.1764 0.1677
Line 5-4 0.2593 0.1287
Line 5-6 0.6186 0.9162
Line 6-11 0.2633 0.1308
Line 6-12 0.2980 0.1480
Line 6-13 1.6641 0.8265
Line 7-9 0.8036 0.7652
Line 8-7 0.000 0.0000
Line 9-10 0.4654 0.4431
Line 9-14 0.5040 0.4800
Line 11-10 0.1108 0.0551
Line 12-13 0.0291 0.0145
Line 13-14 0.0011 0.0054
TOTAL 8.2718 6.4074




Table 4.10: The contribution of generator 1 and generator 2 to system loads in real

current (A).
LOAD SUPPLIED BY(A)
GEN 1 GEN 2
Load 1 0.0000 0.0000
Load 2 0.0000 0.0000
Load 3 0.4089 0.5424
Load 4 0.6848 0.3401
Load 5 0.4492 0.06655
Load 6 0.4202 0.06255
Load 7 0.0000 0.0000
Load 8 0.0000 0.0000
Load 9 0.0435 0.0413
Load 10 0.2403 0.4982
Load 11 0.0387 0.0192
Load 12 0.1466 0.0728
Load 13 0.7324 0.3637
Load 14 0.4204 0.7936
TOTAL 3.5850 3.3634

Table 4.9 and Table 4.10 show the contribution of generator 1 and generator

2 to system lines and loads respectively in real current (A).Current tracing method is

applied to compute the contribution (allocation factor) of generator 1 and generator 2

to system lines and loads. Previously, we have to convert real power injections into a

bus and its corresponding line power flows to currents using the equation (3.4) and

(3.5) in Chapter 3 respectively. The complex current contributed by each generator g

to each equivalent line section is form by equation (3.6) in Chapter 3.




Table 4.11: The contribution of generator 1 and 2 to system lines in real power

(MW).

LINE SUPPLIED BY (MW)
GEN1 GEN 2
Line 1-2 0.7155 0.000
Line 1-5 0.3445 0.000
Line 2-3 0.3012 0.4462
Line 2-4 0.2308 0.3420
Line 2-5 0.1707 0.2528
Line 4-3 0.1198 0.1140
Line 4-7 1.2756 1.2145
Line 4-9 0.1763 0.1680
Line 5-4 0.2614 0.1300
Line 5-6 0.6236 0.9236
Line 6-11 0.2695 0.1340
Line 6-12 0.3050 0.1515
Line 6-13 1.7033 0.8460
Line 7-9 0.8303 0.7907
Line 8-7 0.000 0.0000
Line 9-10 0.4748 0.4521
Line 9-14 0.5142 0.4897
Line 11-10 0.1132 0.0563
Line 12-13 0.0296 0.0147
Line 13-14 0.0011 0.0055
TOTAL 8.4604 6.5316




Table 4.12: The contribution of generator 1 and generator 2 to system loads in

real power (MW).

LOAD SUPPLIED BY(MW)
GEN1 GEN 2
Load 1 0.0000 0.0000
Load 2 0.0000 0.0000
Load 3 0.4030 0.5344
Load 4 0.6860 0.3406
Load 5 0.4528 0.0670
Load 6 0.4301 0.0640
Load 7 0.0000 0.0000
Load 8 0.0000 0.0000
Load 9 0.0444 0.0421
Load 10 0.2438 0.5055
Load 11 0.0400 0.0196
Load 12 0.1493 0.0742
Load 13 0.7423 0.3686
Load 14 0.4186 0.7902
TOTAL 3.6104 2.8062

Table 4.11 and Table 4.12 show the contribution of generator 1 and generator
2 to system lines and loads respectively in real power (MW).Current tracing method
is applied to compute the contribution (allocation factor) of generator 1 and
generator 2 to system lines and loads. By using equation (3.7) in Chapter 3, then we

can translate the real current at the lines and loads into real power contributions.



4.2.3.2 Results
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Figure 4.31: Contribution of generator

1 to system lines in real power (MW).
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Figure 4.30: Contribution of Generator 2

to system lines in real current (A).
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Figure 4.29 shows the contribution of generator 1 to system lines in real
current (A). From this figure, observe that generator at bus 1 provides all the lines
and loads. From figure 4.30 shows the contribution of generator 2 to system lines in
real current (A). From this figure, observe that generator at bus 2 provides all the

lines and loads except the line between bus 1 and 2 and 5 which carry zero current

(A).

Bars represent the share of individual generators in every line and load both
in MW. Figure 4.31 shows the contribution of generator 1 to system lines in real
power (A). It can be observed that line (6-13) receive higher real power compared to

other lines. Besides, line between bus 7 and 8 carry zero real power.

Pie shows the share of individual generators in every line and load both in
percentage and in MW. The percentage of the contribution of generator 1 at the bus 1
to system lines is shown in the Figure 4.32 (i) and (i1). This is also called allocation

factor. Generator at bus 1 is responsible to share higher real power to line (8-7),



about 34 percent while line between bus 4 and 7 carry second higher real power, is

about 32 percent.
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Bars represent the share of individual generators in every line and load both
in MW. Figure 4.33 shows the contribution of generator 2 to system lines in real
power (A). It can be observed that generator at bus 2 contribute higher real power to
line between bus 4 and 7 compared to other lines. Besides, 3 lines carry zero real

power are line between bus 1 and 2 and 5 and line between bus 8 and 7.

Pie shows the share of individual generators in every line and load both in
percentage and in MW. The percentage of the contribution of generator 2 at the bus 2
to system lines is shown in the Figure 4.34 (i) and (ii). This is also called allocation
factor. Generator at bus 2 is responsible to share higher real power to line between
bus 4 and 7, about 39 percent while line between bus 5 and 6 carry second higher

real power, is about 24 percent.
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Figure 4.37: Percent of contribution of

generator 2 to system loads in real
power (MW) for Load 6,Load 9, Load
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Bars represent the share of individual generators in every line and load
both in MW. Figure 4.35 shows the contribution of generator 1 to system loads in
real power (MW). It can be observed that generator provides real power to all
load at the bus. We can see that generator 1 supplies higher real power to load at
bus 13. There is no load at the bus 1, 2 7 and 8. Figure 4.36 shows contribution of
generator 2 to system loads in real power (MW). It can be observed that generator
2 also provides real power to all load at the bus. We can see that generator 2

supplies higher real power to load at bus 14.

Pie shows the share of individual generators in every load in percentage
and in MW. The percentage of the contribution of generator 1 to system loads is
shown in the Figure 4.37. This is also called allocation factor. Generator at bus 1
is responsible to share higher real power to load 9 at bus 13, about 18% compared
to 13% by generator 2.

Figure 4.38 also show the percent of contribution of generator 2 to system
loads. Generator 2 is responsible to share higher real power to load 10 at bus 14,

about 18% compared to 15% by generator 1.
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Figure 4.39: Real power transfer and line usage allocation result for the

14-bus system.

From Figure 4.39, it can be seen that generator 1 at bus 1 is the biggest
contributor to lines flow and to load compared to generator 2. Generator 1 uses
all lines and loads. Generator is a main contributor to the customers. Generator

also supplies to all lines and loads except line between bus 1 and 2 and 5.



4.2.3.3 Summary

The proposed real power allocation methods have been tested in this chapter
for different systems. The test analysis show promising results and the following

conclusions are reached:

e Extensive test results have confirmed the simplicity and accuracy of the
proposed real and reactive allocation methods and demonstrate their

usefulness in deregulated power systems.

e Current tracing method can be used to calculate the contribution from

individual generators to line flows and loads.

e Current tracing method is very efficient and very suitable to use in

deregulation power system.

e The method could be used to resolve some of the difficult pricing and costing
issues which arise from the introduction of competition in the power industry

and to ensure fairness.
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APPENDIX A

Test System I - 4 Bus-Test System

a) Load flow results for the 4-bus test system

> runpf (' casedgs')
Newton's wethod power flow converged in 3 iterations.

Converged in 0.30 seconds

How many? How rach? B (M) o [(MVhr)
Buses 4 Total Gen Capacity 376.3 -200.0 to 200.0
Generators 2 On-line Capacity 376.3 -200.0 to 200.0
Committed Gens 2 Generation (actual) s5049.8 295.,9
Loads 4 Load 500.0 309.9
Fixed 4 Fixed s500.0 09,9
Dispatchable a Dispatchakble 0.0 of 0.0 o.o
Shunts u] Shunt (inj) 0.0 0.0
Eranches 4 Loz=ze=s (I™2 *% Z) 4.581 24,05
Transformers u] Eranch Charging (inij) - 38.0
Inter-ties u] Total Inter-tie Flow 0.0 o.o
Areas 1
Minimuam Max imum
Voltage Magnitude 0.969 p.u. @ hus 3 1.020 p.u. @ bu=z 4
Vaoltage Angle -1.87 deg [ bus 3 1.52 deg [ bu=s 4
P Losses (I*Z*R) - 1.54 MW [ line 3-4
2 Loszes (I72*X) - 9.18 MWaAr [ line 3-4



Bus Yoltage Generation Load
#  Mag(pu) Aingideg) P (M Q0 (MVAr) P (M) Q [MVAr)

1 1.000 0.aao 136.51 114,50 50.00 30.99
2 0.982 -0.97a - - 170.00 105.35
3 0.989 -1.872 - - 200.00 123.94
4 1.0z0 1.523 3158.00 151.43 B0.00 49,58

Total: S04.51 295.93 500,00 3058.86

Ernch From To From Buzs Injection To Buz Injection Losz (I*2 * Z)
# Bus Bus F (M o (MVAr) F (MW 0 (MVAr) P (N 0 (MVAr)
1 1 2 358.69 22.30 -35.46 -31.24 n.z227 1.13
2 1 3 958.12 61.21 -97.09 -63.57 1.031 S.16
3 2 4 -131.54 -74.11 133.25 74,92 1.715 3.55
4 3 4 -102.91 -60.37 104.75 56.93 1.5835 9.15



b) M-File programming for 4-bus test system

Step 1 : Compute injection and line current at the bus.

%$Computes injection current at the bus
Iinj = zeros (nbus,nbus);
for 1 = 1:4;

P(i,i) = real(S(i))*100 ;

diag(real (S(i))*100);

Iinj(i,1) = diag(real(S(i)))*100/V(1i);
end

$Computes line current at the line flow
Iij = zeros (nbus,nbus);

for n = 1:4;
for k =1:4;
ij(n, k) = conj
if Iij(n,k) >
Iijnew(n, k) =
else Iij(n,k)
Iijnew(n, k) =

(real (snk(n,k))/V(n));
0

Iij(n,k);
<0

O.

’

end
end
end

Step 2 : Compute contribution of generator 1 and 2 to system lines.

$CONTRIBUTION OF GENERATOR 1 AND 2 TO SYSTEM LINE
IMT3 =zeros(4,4);
IMT4 =zeros(4,4);

for n=1:4
for k =1:4
for 1 =1

if n <= 2
IMT3 (n, k)
elseif n >
IMT4 (n, k)
end

end

end

end

= Iijnew(n,k)/Iinj(i,1);
4
Iijnew(n,k)/Iinj (i+3,1i+3);



PGl = [IMT3]
PG4 = [IMT4]

Step 3: Compute contribution of generator 1 and 2 to system loads.

$CONTRIBUTION OF GENERATOR 1 AND 2 TO SYSTEM LOAD

for n=1:4
for k =1:4
for 1 = 1

if n >= 4

IML1 (n, k) = Iijnew(n,k)/Iinj (i+3,i+3);
elseif n <=1

IML2 (n, k) = Iijnew(n,k)/Iinj(i,1);

end

end

end

end

PL2 = [IML1(4,3)]

PL4 = [IML2(1,3)]



¢) Result through Graphical User Interface (GUI)

> Test System I - 4-Bus Test System

) \Mainfour, D|§| g|

MENU

Injection Current R

Line Current
RUM

Contribution Factor
RUM

> The Contribution of generator 1 and 2 to system lines
) sengoticntribue Q@E|
— heazur — Panel
INPUT 1 INPUT 2
o AfVipu ol AfVipu CALCULATE
OUTPUT (INPUT 1,/INPUT 2)
0 AIVIpu RESET
— COMTRBUTIONT —— — CONTRIBUTION 4
LIME 1-2 0.282354 URE -z R = e
DATA, LINE FLOW INFO
LINE 1-3 07168591 LiE @) 0 435451
RUN RLIN — Panel
GRAPH RESET l GRAPH RESET
‘ BACK ‘ ‘ EXIT ‘

> The Contribution of generator 1 and 2 to system loads




) sengoticntribueload
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Panel
(BUS 2) ;
o
LOAD 2 0716691
LOAD 2 0.439451
oy Lemen [l oo |
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T




APPENDIX B

a) Load flow results for the 9-bus test system

r runpf (' casel!')

Test System II - 9 Bus-Test System

Newton's wethod power flow converged in 4 iterations.

Conwverged in 0.13 seconds

Buses 9
Generators 3
Comnitted Gens 3
Loads 3

Fixed 3

Iispatchable u]
Shunts u]
Eranches 9
Transformwers u]
Inter-ties u]
Lreas 1

Total Gen Capacity
On-line Capacity

Generation (actual)
Load
Fixed
Iizpatchable
Shunt (inj)
Losses (I72 * 2]

Branch Charging (in])
Total Inter-tie Flow

Minimnan
Voltage Magnitude 0.958 p.u. @ buz 2
Voltage Angle -4,35 deqg B hus 92
P Losses [(ITZ*R) -
2 Losses [I"Z%E) -

Po(HIN 0 [MVAr)
g20.0 -900.0 to S00.0
g520.0 -900.0 to S00.0
320.0 34.9
315.0 115.0
315.0 115.0

0.0 of 0.0 o.o

0.0 o.o

4.35 51.51

- 151.4
0.0 0.0
Max iman

1.003 p.u. @ bu=z &
9.67 deqg B hus 2
Z.48e MU @ line 8-9

.74 MVAr [ line 8-2



Bus Voltage Generation Load
# Magi(pu) AiAng(deq) P [HW) Q2 [MVAr) P (M) Q2 [MVAr)
1 1.000 0.o0aa0 71.95 24.07 - -
2 1.000 9.669 163 .00 14.46 - -
3 1.000 4.771 85.00 -3.65 - -
4 0.937 -2.407 - - - -
5 0.975 -4.017 - - Q0. 00 30.00
6 1.003 1.926 - - - -
7 0.986 0.622 - - 100.00 35.00
g 0.99¢6 3.799 - - - -
9 0.955 -4.350 - - 125.00 50.00
Total: 319.95 34.88 315.00 115.00

Ernch From To From Bus Injection To Bus Injection Loss [(I*2 * Z)
H Bus Bu= P (1IN 2 [MVAr) P (M) Q [MVAr) P (N 2 [MVAr)
1 1 4 71.95 24.07 -71.85 -20.75 0.ooo 3.32
Z 4 5 30.73 -0.549 -30.55 -13.69 0.174 0.94
3 5 & -59.45 -16.31 60.89 -12.43 1.449 6.31
4 3 & §5.00 -3.65 -85.00 7.89 0.ooo 4.24
5 f 7 24.11 4,54 -24.01 -24.40 0.025 0.81
& 7 g -75.99 -10.60 76.50 0.26 0.506 4,29
7 g 2 -163.00 2.28 163.00 14.44 o.ooo 16.74
=1 g ] §6.50 -2.53 -54.04 -14.25 2.465 12 .40
= 9 4 -40.96 -35.72 41.23 21.34 0.266 2.26

Total: 4.955 51.31



a) M-File programming for 9-bus test system

Step 1: Compute injection and line current at the bus.

$Computes injection current at the bus

for 1 = 1:9

P(i,1) = real(S(i))
diag(real(S(i)));

Iinj(i,1) = diag(real(S(i)))/V(i);
end

$Computes line current at the bus

for n = 1:9

for k =1:9

Iij(n,k) = conj(real(snk(n,k))/V(n)) ;
if Iij(n,k) > O
Iijnew(n,k) = Iij
else Iij(n,k) < O
Iijnew(n, k) = 0;
end

end

end

(n, k) ;

Step 2 : Compute contribution of generator 1,2 and 3 to system lines.

else n >= 8

Irzg9(n,k) =Iijnew(n,k)/Iwr4d(n,n);
end

end

end



for n = 4

for k = 5

Irl(n,k) = Irzg7(n,k)+ Irzg7(n+2,k);
Ir8(nt+2,k+2) = Irzg7(n+2,k+2)+ Irzqg9(n+4,k+2);

Ir9(n,k+4)= Irzqg7(n,k+4)+ Irzqg9(n+4,k+4);
end
end

Step 3: Compute contribution of generator 1, 2 and 3 to system loads.

for n = 4:2:6
for k = 5

if n < k

Ilodl(n,k) =Irzg7(n,k)/(Irl(n,k));
Iloo5(n,k+4) =Irzqg7(n,k+4)/Ir9(n,k+4);
Ilot2(n+2,k+2) =Irzq7 (n+2,k+2)/Ir8(n+2,k+2);

elseif n > k

Ilod2(n,k) =Irzg7(n,k)/Irl(n-2,k);
Iloo6 (n+2,k+4) =Irzg9(n+2,k+4)/Ir9(n-2,k+4);
Ilot3(n+2,k+2) =Irzg9(n+2,k+2)/Ir8(n,k+2);

end
end
end

$for
$for
$for

$for
$for
Sfor

load
load
load

load
load
load

at
at
at

at
at
at

bus
bus
bus

bus
bus
bus

Ne)

Ne)



a)

Result through Graphical User Interface (GUI)

> Test System II - 9-Bus Test System

J Mainnine
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Line Current
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> The Contribution of generator 1, 2 and 3 to system lines

BACK
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a)

APPENDIX C

Test System III — 14-Bus Test System

Load flow results for the 14-Bus Test System

Bu=s Voltage Angle — @ -—-————— Load--————- —-—-Generation—---—
No. Hag. Degree Julll} Mwar Julll} Mwar
1 1.060 o.oao o.ooo o.ooo 232 .400 -16.5900
2 1.045 -4.950 21.700 12 .700 40,000 34,043
3 1.010 -1z.7z0 94,200 15.000 o.ooo 21,992
4 1.015 -10.313 47,500 -3.900 -1.205 -19.2892
5 1.0z20 -5.774 ?.600 1.500 -4.,935 -28.406
& 1.055 -14.007 11.200 7.500 o.ooo 13.489
7 1.062 -13.360 o.ooo o.ooo o.&10 12.374
(=] 1.090 -13.360 o.ooo o.ooo o.ooo 17.326
9 1.056 -14.5939 29,500 le. 600 o.4z24 26.836
10 1.051 -15.097 S.000 5.800 -0.017 -0,102
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Inj

o oo o oo oo ooooooa o

ected
Mwrar

.0oa
.0on0
.0oa
.0oa
.0oa
.0on0
.0oa
.0oa
.0oa
.0oa
.0oa
.0oa
.0oa
.0oa

.0oa



—-Line—--
from to
1
2
L=
2
1
3
4
5
3
2
4
4
2
3
5
7
=
5

= S

Line Flow and Losses

FPower at bus & line flow
ML

232

13.
. 507
213
S5a.
41.

152
73

-94,
=70.
308

-3

-49.
-54.
23.
—-al.
27,
15.

-1z
-7z

-40.
a6l.
3g.

M

200
15a.
5.

=1 N}
493

300

115
176

200
591

a5
44z
63z
314
430
589

. 535
L7aE

575
==
943

Mwrar

-1la.
.351
a.

-3

200

=13

L343
L7aa
171
594
994

982
641
. B33

L3892
SAdE
313
L4935
. 655
326

006
120
LB3E
. 365
L3586

233

2g.
154.
222
56.
41.

T3

94,
0.
. 530

23

51.
54.
24.
241
34.
1la.

63

3
T

63

014
155.
5.

S5Z9
495

114
S04

233
433

248
594

3ifA
461
270

397
G523

.518
733
40.
365
40.

737

ga5

--Line loss--

Mir

4,293
Z.780

[ R K <Y

L2893
L322
676
201

2.3z22

Lo N e Y O Y

[ S o R Y

373

676
373
.515
.0ao
.0ao

.7e0
901
. 515
.0ao

Mwrar

L4058

o.747

L4058

0.530

.152
B2

0.530

. 650

.152
1.680

1.625
2.388
1.519

e
LB27
625
045

Transformer
tap



10

11

1z

13

14

Total loss

11
12
13

ui]

10
14

10

13

12
14

13

-11.
-38.
.856
625
15.

-Z9.
-15.
-Za.
234
L3689

-11.
-15.
.B55
. 545

Z00
943

262

. 610
-Z7.
.0aa
Z8.

430

091

.0oo
. 0aa

07e
589
031

017
221
. 795

L0068
.314
. 3085

.905
-G,
. B6E

366

ZZ6
11la

. 745
.255
.493

1z
23

-1a.
179

17.
17.

10.
.545
372

. 989
431
.505
. 105
529

37
078

dg1

326
JjZe

238

4,283

LA51

202
4,248
. 654

5.575
3.892
1.653

4.034

231

0.3035

4.55%

317
.79
. 537

. 671
.239
.433

12
42

1z

35.
1la.
Z8.

17.
17.

30.
17.
Za.
. 763
.994

701
265
L9535
315
15.

fa4

. 389

d54
dg1
TeZ

326
JjZe

825
451
a00

LT
731
. 140

5.925

. 997

4.164

.350

T.318

1z.
15.
.337
. 754

. 345

116
3920

.470
.305
.67

o o o o

]

o o o o

13

.0aa
L0442
059
148

.0oo
.0aa
.0aa

. 0aa

.0oo
. 0aa
013
.114

013
013

k¥
.013

059
.0oY

. 146
.0oY
051

.114
051

.254

O 0O O b

[ T e T e Y

]

045
087
123
LZET

. 388
445
L8077

345

. 519
. 307
035
24

035
030

057
.a3o

123
006

287
006
. 105

e ¥
. 105

.5971



b) M-File programming for 14-bus test system

Step 1: Compute injection and line current at the bus.

%$Computes injection current at the bus

Iinj = zeros (nbus,nbus);
for 1 = 1:14;

P(i,i) = real(S(i)) ;
diag(real(S(i))):

Iinj(i,1i) = diag(real(S(i)))/V(i);
end

%$Computes line current at the bus

Iij = zeros(nbus,nbus);

for n = 1:14;

for k =1:14;

Iij(n,k) = conj(real(snk(n,k))/V(n))*basemva;
if Iij(n,k) > 0
Iijnew(n,k) = Iij
else Iij(n,k) < O
Iijnew(n,k) = 0;

(n, k) ;

end
end
end

Step 2 : Compute contribution of generator 1 and 2 to system lines and loads

scurrent flow end

for n = 1:7 end

for k = 2:13 end

if n <=1

Ipop3(n,k) = Iijnew(n,Xk); for n = 9:13
for k = 1:14

else n >= 2
Ipop4 (n, k)= Iijnew(n,k) ; Ipop5(n,k)= Iijnew(n,k) ;
end



end IB12(n,k) = Ipop4d(6,12);

$total current IB13(n, k) =

(inflow|outflow) Ipop5(12,13) +Ipop4d (6,13);

for n = 1 IB14 (n, k) =

for k =1 Ipop5(13,14)+Ipop5(9,14);

IBl1(n,k) = end

Ipop3(1,2)+Ipop3(1,5):; end

IB2 (n, k) =

Ip0p4(2 3) +Ipop4 (2,4)+ $CONTRIBUTION FACTOR TO LINES

Ipopd (2,5);

IB3(n, k) = a = Tpop3(1,2)/IBl (n,k);

Tpop4 (4,3) +Ipopd (2,3) ; b = Ipopd (2,3)/IB2(n,X);

IB4 (n, k) = c = Tpop4 (2,4)/IB2(n,k);

Ipopd (5, 4) +Ipopd (2,4) d = TIpop4(2,5)/IB2(n,k);

IBS (n, k) = e = Tpop3(1,5)/IB1(n,k);

Ipopd (2, 5) +Ipop3(l,5); f = Tpopd (4,3)/IB3(n,k);

1B (n, k) = Ipop4(5,6); g = Tpop4 (5,4) /B4 (n, k) ;

IB7(n,k) = Ipop4(4,7); h = Ipop4 (5,6);

IB8(n,k) = 0; i = Tpop4(4,7);

IB3(n, k) = j = Tpop4 (4,9)/TBY (n, k)

Ipopd (7,9) +Ipop4 (4,9); k = Tpop4(6,13)/IB13(n,k)

IB10 (n, k) = 1 = Tpop4(6,12)/IB6;

Ipop5(9,10) +Ipop5(11,10); m = Ipop4(6,11)/1IB6;

IBl11(n,k) = Ipop4(6,11);

o = Ipop4(7,9)/IB9;

p = 0.0000

g = Ipop5(9,10)/IB10; S T,0ADS

r = Ipop5(11,10)/IB10;

s = Ipop5(9,14)/1IB14; for n =1

t = Ipop5(12,13)/1B13; ILOAD3 = Iinj (n+2,n+2)/IB4;

u = Ipop5(13,14)/IB14; TLOAD4 = Tinj (n+3,n+3)/IR4;
ILOAD5 = Iinj (n+4,n+4)/IB5;
ILOAD6 = Iinj (n+5,n+5)/IB6;

ILOAD9 = Iinj (n+8,n+8)/IB9;
ILOAD1IO = Iinj (n+9,n+9)/IB10;
ILOAD11 Iinj (n+10,n+10) /IB10;
ILOAD12 Iinj (n+11,n+11)/IB11;
ILOAD13 = Iinj (n+12,n+12)/IB12;
ILOAD14 = TIinj (n+13,n+13)/IB13

end NEW3 = (c* (ILOAD4/ (£+i+3j+ILOAD4))
+ (d*g* ((£+1+3j+ILOAD4)))) /1000
$SGEN1

NEW4 = ((a*NEW3) +
(e*g* (f+1+j+ILOAD4)) /1000)

[

% Contribution to Loads

$1) Load 3
$GEN2
NEWl = (b*ILOAD3/ILOAD3)+ %$3) Load 5
(c*£*ILOAD3/ILOAD3) + FGENZ
(d*g*f£*ILOAD3/ILOAD3) NEWS =
$GEN1 d* (ILOAD5/ (h+g+ILOAD5))*100000000
NEW2 = a*NEW1+ 0
(e*xf*g*ILOAD3/ILOAD3) $GEN1

NEW6 = a*NEW5 +
e* (ILOAD5/ (h+g+ILOADS5) )



%4) Load 6%GENZ2 NEW7 =
d*h* (ILOAD6/h) *100000
$GEN1

NEW8 = a*NEW7 +
e*h* (ILOAD6/h)

%$5) Load 9

$GEN2

NEW9 =

Cc*J*ILOADY/ (ILOAD9+g+s) +
Cc*1*0*ILOADY9/ (ILOAD9+g+s) +
d*g*j*ILOADY/ (ILOAD9+g+s) +
d*g*i*o*ILOADY9/ (ILOAD9+g+s)
$SGEN1

NEW13 = d*h*1*ILOAD12/1
3GEN1

NEW14 = a*NEW13 +
e*h*1*ILOAD12/1

$8) Load 14

$GEN2

NEW15 =
(c*j*s*ILOAD14/ILOAD14 +
c*i*o*s*ILOAD14/ILOAD14 +
d*g*3§*s*ILOAD14/ILOAD14 +

d*g*i*o*s*ILOAD14/ILOAD14 +
d*h*1*t*u*ILOAD14/ILOAD14 +
d*h*k*u*ILOAD14/ILOAD14

) /1000

$GEN1

NEW16 = (a*NEW15 +
e*h*1*t*u*ILOAD14/ILOAD14 +
e*h*k*u*ILOAD14/ILOAD14) /100
0

$9) Load 11

$SGEN2

NEW17 = d*h*m*ILOAD11/m
$GEN1

NEW18 = a*NEW1l7 +

e*h*m*ILOAD11/m

%10) Load 10

$GEN2

NEW19 =
(c*j*gq*ILOAD10/ILOADIO +
c*i*o*gq*ILOAD10/ILOADIO +

NEW10 = a*NEW9 +
e*g*3j*ILOADY9/ (ILOADS+q+s) +
e*g*1i*o*ILOADY9/ (ILOADI+g+s)

%6) Load 13

SGEN2

NEW1l =

d*h*1*t*ILOAD13/ (ILOAD13+u)
d*h*k*ILOAD13/ (ILOAD13+u)
$GEN1

NEW12 = a*NEW1ll +
e*h*1*t*ILOAD13/ (ILOAD13+u)
e*h*k*ILOAD13/ (ILOAD13+u)

$7) Load 12
$SGEN2
d*g*3j*q*ILOAD10/ILOAD1O +

d*g*i*o*q*ILOAD10/ILOAD1O
+ d*h*m*r*ILOAD10/ILOAD10) /1000

$GEN1

NEW20 = (a*NEW19 +
e*g*3j*q*ILOAD10/ILOAD1O +
e*g*i*o*q*ILOAD10/ILOAD1O +

e*h*m*r*ILOAD10/ILOAD10) /1000

o)

% Contribution to Lines

$line a(1-2)
G2 =0
Gl = a

$line b (2-3)
G4 =D
G3 = a*b

$1line c(2-4)
G6 = ¢
G5 = a*c

$1line d(2-5)
G8 = d
G7 = a*d

$line e (1-5)
G10 =0
G9 = e

%line f (4-3)
Gll = c*f + d*g*f
Gl2 = a*Gll + e*g*f



%$line g (5-4)

Gl3 = d*g

Gl4 = a*Gl3 + e*g
%$1line h(5-6)

G1l5 = d*h

Gle = a*Gl5 + ex*g
$line 1 (4-7)

Gl7 = c*1i + d*g*i
Gl8 = a*Gl7 + e*g*i
%line j(4-9)

Gl9 = c*j + d*g*j
G20 = a*Gl9 + e*g*j
$line k(6-13)

G21 = d*h*k

G22 = a*G21 + e*h*k
%line 1(6-12)

G23 = d*h*1

G24 = a*G23 + e*h*l
$line m(6-11)

G25 = d*h*m

G26 = a*G25 + e*h*m
$line o (7-9)

G27 = c*i*o + d*g*i*o
G28 = a*G27 + e*g*i*o

$line r(11-10)

G33 = d*h*m*r

G34 = a*G33 + e*h*m*r
$line s (9-14)

G35 = c*j*s + d*g*j*s +
c*i*o*s + d*g*i*o*s

G36 = a*G35 + e*g*j*s +
e*g*i*o*s

$line t (12-13)

G37 = d*h*1*t

G38 = a*G37 + e*h*1l*t
$1line u(l13-14)

G39 = d*h*1*t*u

G40 a*G39 + e*h*l*t*u



¢) Results through Graphical User Interface (GUI)

> Test System III - 14-Bus Test System

} Mainfourteen

MAIN MENU

Injection Current
RUM

Line Current

Contribution Factor
RUN

BACK



> The Contribution of generator 1 to system lines

) menu_14_2

— Measur Panel Panel
INPUT 1 INPUT 2
o AVIMW [ AP VMW CALCULATE

a N V’MW RESET

LIME FLCA

— CONTRIBUTION 1

LINE 1-2 0 B750 LINE4-3 | 0M957 | LINE6&-11 LILECSLY
AT 5 e LINE4-7 | 127382 | LINEE-12 LINE 5-14 e

LINE 2-3 028033 LINE 4-9 0178429 | LINE 6-12 LINE 11-10 Bk
LINE 2-4 0221772 LINE 5-4 | 0254253 LIMNE 7-9 LINE 12-13| 281218
LINE 2-5 0163309 LINE 5-6 518543 uMes7 [ o | LNE13-14] tosser | BT

11

> The Contribution of generator 2 to system lines

— Measur Panel Panel

[ o AfVIMW [ oA VIMW pATA

CALCULATE

a N V/MW RESET

LIME FLCW

i

— CONTRIBUTION 2

ez [ o | une4s | one | oumeen LINE 510
ues | o | UmE4y | ;25 | LmEe12 UNEO-14 | 479958 || papel

LIMNE 2-< LIMNE S5-4 0128765 LIME 7-9 LIME 12-13 14 4641
LINE 2-5 LINES-S | 916238 tmEs7 [ o | LINE13-14[ sosms | BT

oo



> The Contribution of generator 1 to system loads

) menu_load_3

— Measures

>

menu_load_1

The Contribution of generator 2 to system loads

Panel Panel
LINE REAL POVWER(P) YOLTAGE(Y)
[ [ o Rary
MW \ CALCULATE
INJECTION CURRENT(PAY:
0 A LINE FLOWY
RESET
INF O
— CONTRIEUTION 1
LOAD 4 0684794 LOAD 10 0.240263 — Panel
LOAD 5 00445208 LOAD 11 -0.0386697 pack
LOAD 6 -0.0420293 LOAD 12
LoaD 14 0.420353 LOAD 13 -0.732361 ExIT

— Measur Panel Panel
LINE REAL POWER(F) WOLTAGEW)
[ o [ [ZESUER
MW V CALCULATE
IMJECTION CURREMTIPA:
o LIME FLOCAWY
A
RESET
INFO
— CONTRIBUTION 2
LOAD 4 LOAD 10 Panel
LOAD 5 -0.0665483 LOAD 11 ﬂ
LOAD 6 LosD 12 | -00728223







