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ABSTRACT 

Successful power system operation under normal balanced three-phase steady

state conditions requires that: the generation supplies the demands (load) plus losses,

bus voltage magnitudes remain close to rated values, generators operate within specified

real and reactive limits and transmission lines and transformers are not overloaded. To

calculate the approximate values for these required conditions we use power flow

analysis or load flow analysis. Power flow analysis computes the voltage magnitude and

angle at each bus in a power system under three-phase steady-state conditions and real

and reactive power flows for lines or transformers interconnecting the buses, as well as

their losses.
The input data for power flow calculation normally given for loads and

generators is in complex power form, the power flow problem is therefore formulated as

a set of non-linear equations. For the solution of these types of equation, iterative

methods are used, such as Gauss-Seidel and Newton-Raphson method. The equations of

the power flow problem are complex and take iterations to converge. This cannot be

simple to perform computation for a system which consists of large number of buses.

This can be simplified by solving power flow equations with computer programs.

The aim of this project is to get familiar with the power flow analysis by the aid

of computer based program such as MATLAB. The computer based algorithm of

Newton-Raphson method to solve power flow problems is developed in MATLAB. For

this purpose the basic concepts in electric power system which are necessary to

understand power flow are briefly described, the formulation and mathematical

calculations involved in power flow analysis are explained in detail with solved

examples by hand and by computer.
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INTRODUCTION 

In power system, power flow analysis is used to obtain information on the

current state and conditions of the system in terms of voltage magnitudes and angles as

well as real and reactive power. From power flow analysis we can get information about

what is happening in the system, how the power is flowing in the lines to the loads. For

the solution of power flow problem we have to solve the non-linear equations for the

system which may not have the exact solution so we apply numerical analysis

Usually Gauss-Seidel and Newton-Raphson iterative methods are use to solve

these types of equations. The calculation involve in the power flow analysis is not very

simple. For large systems it's even more complex and time consuming to solve it by

hand, as done in the early days. Nowadays many computer simulation programs have

been developed to perform power flow analysis for even larger systems in a short time

with more accuracy.
In this project computer based program using Newton-Raphson method

developed in MATLAB is considered for the solution of power flow equations. The

project consists of introduction, 5 chapters and conclusion.

Chapter One describes the background and history related to power flow. The

development and applications of power flow.

Chapter Two presents the history of power industry and short description of

power system.
Chapter Three describes the basic quantities and relationships used in electric

power system. Explains the theory of alternating current and voltage. The description of

complex quantities such as reactance and impedance.

Chapter Four presents the definition of power in a.c. circuits. The description of

real and reactive power. The description of losses, stability and results of instability in

power system.
Chapter Five explains the theory of power flow analysis. The representation of

power system by one-line diagram and per unit system. The description of buses in

power system and their types. The description of variables used in power flow. The

formulation of power flow equations and solutions. The calculation procedure of the
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Newton-Raphson method. The solution of an example solved with Newtorı-Raphson

method. The structure of the MATLAB program used to solve power flow equations.

Finally, the conclusion section presents the important results obtained within the

project.
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1. BACKGROUND 

1. 1. Introduction to Power Flow Analysis

In power engineering, the power flow study (also known as load-flow study) is

an important tool involving numerical analysis applied to a power system. Unlike

traditional circuit analysis, 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 (i.e.

reactive, real, and apparent) rather than voltage and current. It analyses the power

systems in normal steady-state operation. There exist a number of software

implementations of power flow studies.

In addition to a power flow study itself, sometimes called the base case, many

software implementations perform other types of analysis, such as short-circuit fault

analysis and economic analysis. In particular, some programs use linear programming

to find the optimal power flow (OPF), the conditions which give the lowest cost per

kilowatt generated.

When solving large power systems, power flow studies are increasingly uses for

purposes, such as outage security assessment, and for more complicated calculations

such as optimization and stability. The great importance of power flow or load-flow

studies is in the planning the future expansion of power systems as well as in

determining the best operation of existing systems.

The information obtained from power flow study are:

• the magnitude and phase angle of the voltage at each bus with reference

to swing bus voltage

• real and reactive power flowing in each line

• current in rectangular or polar form

1 .2. History of Power Flow

Improved economy and reliability were recognized well over half a century ago

as benefit of using an interconnected network for the transport of electric power. But

critical to its realization was (and still is) is the ability to predict voltages and flows on
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network components. As the network evolved,' the challenge was to develop a tool that

would produce this critical information. The load-flow (or power flow), as the tool came

to be known, predicts all flows and voltages in the network when given the status of

generators and load. It is the tool most heavily used by power engineers.

Early load-flows were solves using what were called calculator boards. These

boards were a kind of analog computers, in that they emulated a specific system by

using a physical lumped-parameter resistor-inductor-capacitor realization of the actual

system, the components being connected using the same topology. For a realistic

system, these boards filled several rooms, consumed substantial power, and had to be

rewired when any modification was desired. As studies often desired teams of engineers

working in unison adjusting knobs and setting and reading out results aloud, the need

for a flexible alternative was clear.
Enter the modern digital computer, which, in fact, owes as much of the impetus

behind its original development to power engineers and their need for a better way to

solve load-flows. In the early days of computing, electric power business was by far the

largest commercial user (and even developer) of digital machines. It was not unusual

for utility to spend several million dollars (not adjusted for inflation) un the

. development of digital hardware and software. While IBM corp. was advancing

mainframe machine architectures, theorists were publishing the first papers on load-

flow algorithms.
The earliest algorithms were based on the Gauss-Seidel method, which made it

possible, for the fist time, to solve the load-flow problem for relatively large systems. It

suffered, however, from relatively poor convergence characteristics. Then the Newton

algorithm was developed to improve the convergence of the Gauss-Seidel method, but

was initially thought to be impractical for realistically sized systems because of

computational problems with large.networks. The underlying problem for the iterative

Newton method is the solution of a matrix equation of large dimension.

In the 1960s Bill Tinney and his colleagues at the Bonneville Power

Administration observed that, although the main system matrix was very large, it was

also very sparse (meaning it had a very small proportion of nonzero values). Those

observations gave rise to the development of scarcity methods. The concept made it

possible to apply the Newton method to systems of arbitrary size, to attain for he first

time both speed and excellent convergence characteristics.
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Since the '60s, numerous advances and extensions have been made in load-flow

methods. In the early '70s came the fast-decoupled load-flow, which enhanced

computational speed. Extensions to the load-flow itself included the representation of

components such as high-voltage direct-currents (HVDC) transmission lines, better

methods for loss calculations, solution of the optimum power flow and state estimation

problems, the continuation power flow, and the determination of spot prices of

electricity in the presence of constraints-plus, of course, the development of better

ways of visualizing and presenting load-flow results.

1 .3. Developments in Power Flow
As the world advanced to the computer generation, remarkable developments

were also made by the implementation of computer programs in electric power industry.

These computer programs also contained power flow programs which made handling of

large network systems very easy.. To determine how power flows thorough a

transmission network from generator to loads, it is necessary to calculate the real and

reactive power flow in each and every transmission line or transformer, along with

associated bus voltage. With networks containing tens of thousands of buses and

branches, such calculation yields lot of numbers. Traditionally they were presented

either in reams of tabular output showing the power flows at each bus or else as data in

a static so-called one-line diagram. The visualization challenge is to make these

concepts intuitive. One simple yet effective technique to depict the flow of power in

electricity network is to use animated line flow. Dynamically sized pie charts are

another visualization idea that has proven useful for quickly detecting overloads in a

large network. On the one-line, the percentage fill in each pie chart indicates how close

each transmission line is to its thermal limits. Visualization software packs a large

amount of information into a single computer-generated image, enabling viewers to

interpret the data more rapidly and more accurately than ever before. This visualization

also provides a picture of the complex interaction between the grid and the power

market, allowing market participants to respond more quickly to changing conditions.

The power flow computer program computes the voltage magnitude and angle at

each bus in a power system under balanced three-phase steady-state conditions. It also

computes real and reactive power flows for all equipment interconnecting the buses, as
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well as equipment losses. Both existing power system and proposed changes including

new generation and transmission to meet projected load growth are of interest.

Conventional nodal or loop analysis is not suitable for power-flow studies

because the input data for loads are normally given in terms of power, not impedance.

Also, generators are considered as power sources, not voltage or current sources. The

power flow problem is therefore formulated as a set of nonlinear algebraic equation

suitable for computer solution.

1 .4. Applications and Optimal Power Flow

Power flow analysis is a fundamental and essential tool for operating a power

system, as it answers the basic question, what happens to the state of the system if we

do such-and-such? This question may be posed in the context of either day-to-day

operations or longer-term planning.

In the short run, a key part of a system operator's responsibility is to approve

generation schedules that have been prepared on the basis of some economic

considerations, whether by central corporate planning or by competitive bidding, and

scrutinize them for technical feasibility. This assessment hinges on power flow studies

to predict the system's operating state under a proposed dispatch scenario, if the

analysis shows that important constraints such as line loading limits would be violated,

the schedule is deemed infeasible and must be changed.

Even with feasible schedules in hand, reality does not always conform to plans,

requiring operators to monitor any changes and, if necessary, make adjustments to the

system in- real time. Power flow analysis is the only comprehensive way to predict the

consequences of changes such as increasing or decreasing generation levels, increasing

or decreasing loads, or switching transmission links and assessing whether they are safe

or desirable for the system. Specifically, operators need to know impacts of any actions

on voltage levels (are they within proper range?), line flows (are any thermal or stability

limits violated?), line losses (are they excessive?) and security (is the operating state too

vulnerable to individual equipment failures?). Similarly, power flow analysis is a

fundamental tool in the planning context to evaluate changes to generation capacity or

the transmission and distribution infrastructure.

Sometimes it is necessary to compare several hypothetical operating scenarios

for the power system to guide operating and planning decisions. Specifically, one often
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wishes to compare and evaluate different hypothetical dispatches of generation units

that could meet a given loading condition. Such an evaluation is performed by an

optimal power flow (OPF) program, whose objective is to identify the operating

configuration or "solution" that best meets a particular set of evaluation criteria. These

criteria may include the cost of generation, transmission line losses, and various

requirements concerning the system's security, or resilience with respect to

disturbances.

An OPF algorithm consists of numerous power flow analysis runs, one for each

hypothetical dispatch scenario that could meet the specified load demand without

violating any constraints. This makes OPF more computation-intensive than basic

power flow analysis. The output of each individual power flow run, which is a power

flow solution in terms of bus voltage magnitudes and angles, is evaluated according to

one or more criteria that can be wrapped into a single quantitative metric or objective

function, for example, the sum of all line losses in megawatts, or the sum of all

generating costs in dollars when line losses are included. The OPF program then devises

another scenario with different real and reactive power contributions from the various

generators and performs the power flow routine on it, then another, and so on until the

scenarios do not get any better and one is identified as optimal with respect to the

chosen metric. This winning configuration with real and reactive power dispatches

constitutes the output of the OPF run. OPF solutions may then provide guidance for on

line operations as well as generation and transmission planning.

Especially for applications in a market environment, where planning and operat

ing decisions may have sensitive economic or political implications for various parties,

it is crucial to recognize the inherently subjective nature of OPF. Power flow analysis

by itself basically answers a question of physics. By contrast, OPF answers a question

about human preferences, coded in terms of quantitative measures. Thus, what is found

to constitute an "optimal" operating configuration for the system depends on how the

objective function is defined, which may include the assignment of prices, values, or

trade-offs among different individual criteria. In short, "optimality" does not arise from

a power system's intrinsic technical properties, but derives from external

considerations.

It is also important to understand that the translation of an OPF solution into

actual planning and operating decisions is not clear-cut and has always involved some
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level of human judgment. For example, the computer program may be too simplistic in

its treatment of security constraints to allow for sensible trade-offs under dynamically

changing conditions, which then calls for some engineering judgment in adapting the

OPF recommendation in practice. At the same time, the computational process is

already complex enough that different OPF program packages may not offer identical

solutions to the same problem. Therefore, the output of power flow analysis including

OPF constitutes advisory information rather than deterministic prescriptions. Indeed, the

complexity of the power flow problem underscores the difficulty of managing power

systems through static formulas and procedures that might some day lend themselves to

automation, especially if a system is expected to perform near its physical limits.
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2. ELECTRIC POWER INDUSTRY 

2. 1. History of Electric Power Industry

The electric utility industry can trace its beginnings to the early 1880s. During

that period several companies were formed and installed water-power driven generation

for the operation of arc lights for street lighting; the first real application for electricity

in the United States. In 1882 Thomas Edison placed into operation the historic Pearl

Street steam-electric plant and the pioneer direct current distribution system, by which

electricity was supplied to the business offices of downtown New York. By the end of

1882, Edison's company was serving 500 customers that were using more than 10,000

electric lamps.

Satisfied with the financial and technical results of the New York City operation,

licenses were issued by Edison to local businessmen in various communities to organize

and operate electric lighting companies. By 1884 twenty companies were scattered in

communities in Massachusetts, Pennsylvania, and Ohio; in 1885, 31; in 1886 48; and in

1887 62. These companies furnished energy for lighting incandescent lamps, and all

operated under Edison patents.

Two other achievements occurred in 1882: a water-wheel-driven generator was

installed in Appleton, Wisconsin; the first transmission line was built in Germany to

operate at 2400 volts direct current over a distance of 37 miles (59 km). Motors were

introduced and the use of incandescent lamps continued to increase. By 1886, the de

systems were experiencing limitations because they could deliver energy only a short

distance from their stations since their voltage could not be increased or decreased as

necessary. In 1885 a commercially practical transformer was developed that allowed the

development of an ac system. A 4000 volt ac transmission line was installed between

Oregon City and Portland, 13 miles away. A 112-mile, 12,000 volt three-phase line

went into operation in 1891 in Germany. The first three-phase line in the United States

(2300 volts and 7.5 miles) was installed in 1893 in California. In 1897, a 44,000-volt

transmission line was built in Utah. In 1903, a 60,000-volt transmission line was

energized in Mexico.
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In this early ac period, frequency had not been standardized. In 1891 the

desirability of a standard frequency was recognized and 60 Hz (cycles per second) was

proposed. For many years 25, 50, and 60 Hz were standard frequencies in the United

States. Much of the 25 Hz was railway electrification and has been retired over the

years. The City of Los Angeles Department of Water and Power and the Southern

California Edison Company both operated at 50 Hz, but converted to 60 Hz at the time

that Hoover Dam power became available, with conversion completed in 1949. The Salt

River Project was originally a 25 Hz system, but most of it was converted to 60 Hz by

the end of 1954 and the balance by the end of 1973.

Over the first 90 years of its existence, until about 1970, the utility industry

doubled about every ten years, a growth of about 7% per year. In the mid1970s, due to

increasing costs and serious national attention to energy conservation, the growth in the

use of electricity dropped to almost zero. Today growth is forecasted at about 2% per

year.
The growth in the utility industry has been related to technological

improvements that have permitted larger generating units and larger transmission

facilities to be built. In 1900 the largest turbine was rated at 1.5 MW. By 1930 the

maximum size unit was 208 MW. This remained the largest size during the depression

and war years. By 1958 a unit as large as 335 MW was installed, and two years later in

1960, a unit of 450 MW was installed. In 1963 the maximum size unit was 650 MW and

in 1965, the first 1,000MW unit was under construction.

Improved manufacturing techniques, better engineering, and improved materials

allowed for an increase in transmission voltages in the United States to accompany the

increases in generator size. The highest voltage operating in 1900 was 60 kV. In 1923

the first 220 kV facilities were installed. The industry started the construction of

facilities at 345 kV in 1954, in 1964 500 kV was introduced, and 765 kV was put in

operation in 1969. Larger generator stations required higher transmission voltages;

higher transmission voltages made possible larger generators.

These technological improvements increased transmission and generation

capacity at decreasing unit costs, accelerating the high degree of use of electricity in the

United States. At the same time, the concentration of more capacity in single generating

units, plants, and transmission lines had considerably increased the total investment

required for such large projects, even though the cost per unit of electricity had come
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down. Not all of the pioneering units at the next level of size and efficiency were

successful. Sometimes modifications had to be made after they were placed in

operation; units had to be derated because the technology was not adequate to provide

reliable service at the level intended. Each of these steps involved a risk of considerable

magnitude to the utility first to install a facility of a new type or a larger size or a higher

transmission voltage. Creating the new technology required the investment of

considerable capital that in some cases ended up being a penalty to the utility involved.

To diversify these risks companies began to jointly own power plants and transmission

lines so that each company would have a smaller share, and thus a smaller risk, in any

one project. The sizes of generators and transmission voltages evolved together.

The need for improved technology continues. New materials are being sought in

order that new facilities are more reliable and less costly. New technologies are required

in order to minimize land use, water use, and impact on the environment. The

manufacturers of electrical equipment continue to expend considerable sums to improve

the quality and cost of their products.

2.2. Electric Power System
The electric power industry delivers electric energy to its customers which they,

in turn, use for a variety of purposes. While power and energy are related, customers

usually pay for the energy they receive and not for the power.
In electric power industry electric power system is the system which _consists of

components that transform other types of energy into electrical energy and transmit this

energy to a consumer. The production and transmission of electricity is relatively

efficient and inexpensive, although unlike other forms of energy, electricity is not easily

stored and thus must generally be used as it is being produced.

A modern electric power system consists of six main components:

• the power station

• a set of transformers to raise the generated power to the high voltages

used on the transmission lines

• the transmission lines

• the substations at which the power is stepped down to the voltage on the

distribution lines

• the distribution lines
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• the transformers that lower the distribution voltage to the level used by

the consumer's equipment.

Taken together, all of the parts that are electrically connected or intertied operate

ın an electric balance. The technical term used to describe the balance is that the

generators operate in synchronism with one another.




