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ABSTRACT

Distribution system is part of power system which distribute electric power for local users and
which is electrical system between the substations fed by the transmission system and customer
meter. Distribution system reliability evaluation is a measure of continuity and quality of power
supply to the consumers and also gives information about performance of the system and helps
to know the cost or losses incurred by the utility and the customer due to power interruption.

In this thesis in order to know the existing performance of Gonder radial distribution system
historical reliability analysis is carried out using the collected data from North West region
Ethiopian Electric Utility head office Bahirdar and Gonder distribution station for the years
2014/15 and 2015/16 G.G. The system reliability indices (SAIFI=346.574 int./yr,
SAIDI=257.125 hr/yr , ASAI=0.985 %, EENS=629.97MWhr/yr and TCENS=409480.5 Birr/yr.)
of the study area show that Gonder city distribution system is unreliable as compared to
standard practices by other European countries and Ethiopia’s reliability requirement. Also

which shows EEP’s distribution system is noncompliance with standards.

And as a solution to mitigate this problem and improve the reliability of the power system
supplementing the distribution system by distributed generations (DG) is investigated.
Distributed generation is considered as an electrical source connected to the power system, in a
point very close to/or at consumer’s site, which is small enough compared with the centralized

power plants.

Research work included by this thesis focuses on using an optimization methodology for
identifying proper location for 0.3MW of DG units. To determine the optimal location and
number of DG unit’s particle swarm optimization has been developed in terms of parameter
selection, so as to obtain the minimum total cost of energy not supplied. The performance of this
proposed methodology is tested on Gonder15KVdistribution feeder. Results show the efficiency
and robustness of the proposed PSO algorithm to finding the very near optimal location of the
DG units for enhancing the reliability of radial distribution system i.e. 32.57%, 21.03% and
32.51% improvement in SAIDI, TCENS and EENS respectively.

Keywords — Particle swarm optimization (PSO), optimal location, Distributed generation (DG)
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CHAPTER ONE: INTRODUCTION

1.1. Background
The basic function of the power system is to provide an adequate electrical supply to its

customers as economically as possible with reasonable level of reliability. With growing demand
and increasing dependence on electricity supplies, the necessity to achieve an acceptable level of
reliability, quality and safety at an economic price, the utility have to evolve and improve the
systems continuously depending upon the requirement of the customers.

Power system in general deals with generation, transmission, distribution as well as effective
utilization of electrical energy .But the main focus of this thesis work is only on the distribution
system.

The power distribution system is made up of sub-transmission lines, power transformers, 33kV
lines, 15kV lines, distribution transformers, LV Lines, etc. Distribution substations monitor and
adjust circuits within the system. Currently Ethiopian Electric Power Corporation power system
have 400kV, 230kV, 132 kV primary transmission systems and 66kV, 45kV as sub transmission
system and 33kV and 15kV as distribution system. At all the 66 or 45kV substations power
transformers of various ratings like 25 /12 /6.3/3MVA are installed for step down of voltage to
15kV for feeding to Distribution Transformers. The outgoing feeders are connected in radial
fashion. Mostly 33kV and 15kV overhead conductors are used for feeding 60 to 70 distribution
transformers on each 33kV and 15kV feeder. The voltage is then further reduced by distribution
transformers to the utilization voltages of 380 volts three-phase or 220 volts single-phase supply
required by most users.

Substations are fenced yards with switches, transformers and other electrical equipment. Once
the voltage has been lowered at the distribution substation, the electricity flows to industrial,
commercial, and residential centers through the distribution system. Conductors called feeders
reach out from the distribution substation to carry electricity to customers. At key locations along
the distribution system, voltage is lowered by distribution transformers to the voltage needed by
customers or end-users.

In the context of Ethiopia, electric power interruption is becoming a day to day phenomenon.
Even there are times that electric power interruption occurs several times a day, not only at the

low voltage but also at the medium voltage distribution systems.



The drop of the voltage, especially at the residential loads, is causing early failure of equipment,
blackening of light bulbs, and decreased efficiency and performance of high-power appliances.
Damage of electronic devices and burning of light bulbs have also occurred due to over voltages.
Electric distribution system power quality is a growing concern. Customers require higher
quality service due to more sensitive electrical and electronic equipment. The effectiveness of a
power distribution system is measured in terms of efficiency, service continuity or reliability,
service quality in terms of voltage profile and stability and power distribution system
performance.

Modern society demands that electrical energy should be as economical as possible with a
reasonable degree of continuity and quality. To build an absolutely reliable power system is
neither practically realizable nor economically justifiable. The continuity of energy supply can
be increased by improved system structure, increased investment during either, the planning
phase, operating phase or both. Over-investment can lead to excessive operating costs, which
must be reflected in the tariff structure. Consequently, the economic constraint will be violated
although the probability of the system being inadequate may become very small. On the other
hand, under-investment leads to the opposite situation. It is evident therefore that the reliability
and economic constraints can compete, and this can lead to difficult managerial decisions at both
the planning and operating phases [7].

Distribution system reliability evaluation is a measure of continuity and quality of power supply
to the consumers, which mainly depends on interruption profile, based on system topology and
component reliability data.

To improve customer reliability problems of power distribution system different methods can be
used. Performing distribution system reliability assessment is used to identify the relevant
improvement techniques to get better reliability of the system. As different researchers agreed to
perform distribution system reliability assessment different approaches and techniques can be
used. Two approaches to reliability evaluation of distribution systems are normally used, namely,
historical assessment and predictive assessment. Historical distribution reliability is described as
measuring the past performance of a system; it generally summarizes discrete interruption events
occurring at specific locations over specific time periods, whereas predictive assessment
estimates the future behavior of systems by combining component failure rates and repair times

with system configurations.



Reliability assessment can be carried out using both analytical and simulation techniques.
Analytical techniques represent the system by mathematical models and evaluate the reliability
indices from these models using direct mathematical solutions. Simulation techniques estimate
the reliability indices by directly simulating the actual process and the random behavior of the
system and its components. Simulation techniques can provide both average values of the
reliability indices and their probability distributions.

There are many measures to assess the reliability of a power distribution network. The most
common measures in the literature are expected outage cost (ECOST), System Average
Interruption Frequency Index (SAIFI), system Average Interruption Duration Index (SAIDI) and
Expected Energy Not Supplied (EENS) [1].

Many measures are used to estimate the reliability of a distribution network. In this research, the
focus of reliability measures is the impact of energy not supplied and its operation and
maintenance cost. When a failure occurs, there is a blackout in a part of the distribution network.
But in the distribution system with distributed generations (DG) due to the presence of the DG
and its capacity part of the system gets electrical energy. In this way, the time and number of
power blackouts is reduced and the reliability is increased.

The consumers that are affected will depend on the number and location of the distributed
generations in the network. In the process of improving an actual distribution network, a
combinatorial optimization problem emerges. This problem is the selection of the optimal
Locations where the distribute generations are installed in the network.

This study primarily presents the current 15 kV radial feeder of Gonder city; following the
historical reliability assessment, the predictive reliability assessment is calculated by considering

the optimally placed distributed generations (DG).

1.2. Power System Reliability
In general, Reliability is defined as the probability that a component or system will perform a

required function, for a given period of time, when used under stated operating conditions. And
the function of an electric power system is to satisfy the system load requirement with a
reasonable assurance of continuity and quality. Power system reliability evaluation can be used
to provide a measure of the overall ability of a power system to perform its intended function.
The ability of the system to provide an adequate supply of electrical energy is usually designated
by the term of reliability. The concept of power-system reliability is extremely broad and covers

3



all aspects of the ability of the system to satisfy the customer requirements. There is a reasonable

subdivision of the concern designated as “system reliability”, which is shown in Figure 1.1

system
reliability

system security

system adequacy

J

Figure 1.1: Subdivision of System Reliability
Figure 1.1 represents two basic aspects of a power system: system adequacy and security.
Adequacy relates to the existence of sufficient facilities within the system to satisfy the consumer
load demand. These include the facilities necessary to generate sufficient energy and the
associated transmission and distribution facilities required to transport the energy to the actual
consumer load points. Security relates to the ability of the system to respond to disturbances
arising within that system. Security is therefore associated with the response of the system to
perturbations. Most of the probabilistic techniques presently available for power-system
reliability evaluation are in the domain of adequacy assessment. The techniques presented in this
paper are also in this domain. The application of reliability concepts to distribution systems
differs from generation and transmission applications in that it is more customer load point
oriented instead of being system oriented, and the local distribution system is considered rather
than the whole integrated system involving the generation and transmission facilities. The three
subsystems of generation, transmission and distribution can be designated as power system
functional zones. Reliability evaluation can be conducted in each of these functional zones or in

the combinations that gives the hierarchical levels shown in Figure 1.2.
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Figure 1.2: Hierarchy of System Reliability

Reliability assessment at hierarchical level 1 (HL1) is concerned only with the generation
facilities. In an HL1 study, the total system generation is examined to determine its adequacy to
meet the total system load requirement considering random failures, and corrective and
protective maintenance of the generating units. The transmission and distribution system and the
ability' to move the generated energy to the consumer load points are not included in this
analysis. This activity is usually termed as "generating capacity reliability evaluation”.
Hierarchical Level 2 (HL2) assessment includes both generation and transmission facilities. HL2
studies can be used to assess the adequacy of a system including the impact of various
reinforcement alternatives at both the generation and transmission levels on bulk load point and
overall system indices. Adequacy analysis at this level is usually termed as "composite system or
bulk transmission system evaluation".

Hierarchical Level 3 evaluation (HL3) includes all three functional zones and starts at the
generating points and terminates at the individual load points in the distribution systems. A
practical power system is very complex and therefore it is very difficult to evaluate the entire
power system as a single entity using a completely realistic and exhaustive technique. HL3
studies are, therefore, not usually done directly. The analysis is usually performed only in the
distribution functional zone and the HL2 load point indices are used as input values to the zone.
Distribution system reliability evaluation can be used to obtain quantitative adequacy indices at
the actual customer load points. These indices reflect the topology of the network, the

components used, the operating philosophy and other particular functions.



Customer interruptions caused by generation and transmission system failures are normally only
about 20 % of the total load point interruptions. The remaining 80 % of customer interruptions
occur within distribution systems [2]. Power system reliability assessment without considering
distribution systems therefore recognizes only a small part of the total outage costs. From the
hierarchical Level 3 evaluation (HL3) this research work is focused particularly on the

distribution functional zone, both the generation and transmission zones are excluded.

1.3. Problem statement and motivation
The main problem faced by electric power utilities in developing countries today is that the

power demand is increasing rapidly where supply growth is constrained by scarce resources,
environmental problems and other societal concerns. This has resulted in a need for more
extensive justifications of the new system facilities, and improvements in production and use of
electricity.

The electric power system has been considered to consist of three functional zones; the
generation, transmission and distribution. The function of the entire system is to transfer energy
from the available resources to the end consumers. Therefore, a failure or an incident in any of
these zones, as well as operation, and control of a conventional power system, could impact a
large number of end users and assets, and cost a large amount of money. Component outages in
the distribution systems account for the absolute majority of the faults that result in an
interruption of supply for the end consumers [2]. And also in the study area most of the
interruption problem arises due to problems in the distribution system. Thus, improvement of
distribution systems reliability is vital.

And now a days Ethiopian Government is currently making all rounded effort to change the
country’s economic status from the current least developed level to a medium income level. Of
the many aspects of this effort, expanding and strengthening of the electric power supply sector
IS one among the most emphasized economic dimensions. This project seeks to assess the
reliability performance of Gonder city distribution system and enhance system reliability.

Since Gonder is one of the biggest cities of the country and a preferred location for most of the
industries and tourism, considerable share of the electric power supply is directed towards the
city. But, electric power interruption is becoming a day to day phenomenon. Even there are times
that electric power interruption occurs several times a day, not only at the low voltage but also at
the medium voltage distribution systems because of the failure of distribution system Due to this
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interruption problem there is a big and considerable suffer on the customer side especially for the
industries like Dashen Brewery, Gonder Malt Factory and for institutions like Ethiotelecom and

University of Gonder.

Considering this fact, in this thesis work, a comprehensive investigation or assessment of Gonder
power distribution system problems and performance is conducted. Based on the result of the
assessment a performance improvement measures has been identified and considered which can

be used as proto-type to be implemented for other areas.

1.4. Objectives

1.4.1. General objective

The general objective of this thesis is evaluate and develop a framework for reliability analysis
of distribution system in Gonder distribution station and verification of application of Al

techniques for optimal allocation of DG and further improvement of the existing reliability.

1.4.2. Specific objective
To Assess and Compute reliability indices of the existing system of Gonder area using

available reliability tools.

To analyze major cause of interruptions and to find out the improvement techniques with
use of reliability tool and recommend alternatives which could improve the reliability in
the system.

To improve the reliability of the existing distribution system performance by optimal
placement of Distributed generation.

Performance analysis of the system.

To make relevant conclusion and recommendation that can be used for the performance

improvement of Gonder distribution system.



1.5. Research Methodology

Methodology that has been followed in conducting the thesis work is divided in to three
categories .i.e.

1. Theoretical studies and literature review

Study on the power system and its architecture.
Further study on the power system reliability and its cause.
Need for reliability assessment and effect.
Power system reliability techniques.
Intelligent optimization techniques used for reliability improvement like PSO.
2. Data analysis and modeling of distribution system
Site visit
Data collection from North West region Ethiopian electric power utility Bahir Dar and
Gonder substation about the existing distribution system.

Relevant data collection from Gonder-1 and Azezo/Gonder-Il substation that used for
reliability assessment of existing system.

Designing or reliability modeling of Gonder distribution system.
Investigation of intelligent improvement techniques.
Performance analysis of the distribution system.

3. Final result analysis, conclusion and recommendation.

This thesis work considered the primary distribution system and particularly the 15kV outgoing
feeders. This is because of luck of data in the customer secondary side and the distribution
system is the major contributor of the reliability problems in the power system.

1.6. Scope of thesis
In order to achieve this thesis objective, the following scopes covered:

1. The overall effect of the reliability problem on the customer side and service provider side.

2. Power system reliability indices and benchmark.

3. Artificial intelligent optimization techniques for searching method of optimal place where the
distributed generators placed to improve the existing reliability.

And this thesis will not cover the practical implementation, which means the implementation of

this thesis is limited on computer simulation



1.7. Significance of the study
This thesis has a very great significance in contributing the quest for best method of distribution
system reliability improvement.

Show the existing performance of Gonder distribution system

Identify the major reasons for the interruption of power in Gonder distribution system

and show the areas where major improvement action should be taken.

Improve system reliability and increase customer satisfaction.

Tries to show the available potential of the Gonder area.

It creates a chance for further study in distribution system reliability and distributed
generations when it runs parallel to the grid



1.8. Organization of the Thesis
The content of this thesis is briefly explained as follow.

Chapter One provides a brief description about back ground, statement of problem, objectives,
research contributions, and scope of the research.

Chapter Two contains literature review distribution system reliability, distribution system
reliability evaluation techniques or methods; network reliability equivalent techniques,
procedures for calculating reliability index, reliability indexes (basic load point and system
reliability index),impacts of mitigation techniques and protection system on system reliability,
DG and electric system reliability and the review of literatures on DG placement for power
quality i.e. loss minimization voltage profile improvement and reliability enhancement.

Chapter Three is about distribution system and distributed generations: traditional concept and
new concept of power system (system without DG’s and with DG’s), distributed generations,
benefit and concerns of DG, types of DG technology, application of distributed generations and
DG technology for the study area

Chapter Four in this chapter reliability modeling of distribution feeder i.e. component and
system modeling and particle swarm optimization techniques studied, the problem of optimal
placement of Distributed generation in distribution system and the implementation of particle
swarm optimization to solve the problem.

Chapter Five in this chapter Reliability Assessment of Gonder Distribution System is studied:
overview of the study area, data collection schemes, existing 15 KV Gender distribution systems,
reason for interruption, reliability index of study area (Gonder-1 and Gonder-I1 substation) feeder
wise and overall the system, cost of energy not supplied in Gonder distribution system,
comparison of reliability of the study area with different counties take as a bench marks and
results of optimal placement of DG in Gonder feeder are discussed in detail.

Chapter Six contains conclusion and recommendation of this thesis. And at the end reference

and appendix are also included.
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CHAPTER TWO: THEORETICAL BACKGROUND AND LITERATURE REVIEW

2.1 Overview on Reliability
Electric power is a vital element in any modern economy. The availability of a reliable power

supply at a reasonable cost is crucial for the economic growth and development of a country.
Electric power utilities throughout the world therefore endeavor to meet customer demands as
economically as possible at a reasonable service of reliability. To meet customer demands, the
power utility has to evolve and the distribution system have to be upgraded, operated and
maintained accordingly. An analysis throughout the world shows that around 80% of all
customer reliability problems are due to the problem in distribution system and in the study area
also most of customer reliability problem are due to problems in distribution system, hence,
improving distribution reliability is the key to improving customer reliability [2].

Due to its localized effect and minimal cost on the outages while comparing with the generation
and transmission system, less effort have been devoted to distribution system in quantitative
assessment of the adequacy of the various alternative designs and reinforcements in Gonder
distribution system. However, analysis of the customer failure statistics reveals that the
distribution system makes the greatest individual contribution to the unavailability of supply to a
customer. Statistics such as these reinforce the need to be concerned with the reliability
evaluation of distribution system, to evaluate quantitatively the merits of various reinforcement
schemes available to the planner and to ensure that the limited capital resources are used to
achieve the greatest possible incremental reliability and improvement in the system. Therefore, it
IS necessary to ensure a reasonable balance in the reliability of the various constituent parts of a
power system, i.e. generation, transmission and distribution [1]. Once the distribution systems
are planned, designed and built, they must be continually monitored, adjusted, expanded and
repaired. This distribution operation plays an important role in distribution reliability.

The Mitigation Techniques like electric or non-electric methods could be used to improve the
reliability in the system. Modern automation technologies can reduce contingency margins,
improve utilization and economy of operation and even provide improved scheduling and
effectiveness of maintenance and service [4]. However, they must be applied well, with the
technologies selected to be compatible with systems need and targeted effectively. On the other

hand, non-electric method such as vegetation management, system improvements, crew
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placement and management, maintenance practices plays an important role in improving
reliability in the system.

Recent significant increase in energy costs, concern with conservation of resources, and impacts
of government and environmental groups have resulted in a need for more adequate justification
of new system facilities and operating reliability levels. A major aspect of this justification is the
assessment of worth or benefit of power system reliability to its customers or conversely, the cost

of losses which result from system unreliability [5].

2.2 Reliability Evaluation and Methods
The ultimate goal of reliability analysis is to help answer questions like “is the system reliable

enough?” “Which scheme will fail less?” and “where can the next dollar be best spent to improve
the system?”[9]. Reliability in power system can be divided in two basic aspects; System
adequacy and System security. Adequacy relates to the capacity of the system in relation to
energy demand and security relates to the dynamic response of the system to disturbances (such
as faults).

The distribution system is the most important part of a power system, which consists of many
step-down transformers, distribution feeders, and customers. Therefore to evaluate the reliability
of power distribution systems is a very complicated and tedious process.

The basic techniques used in power system reliability evaluation can be divided into the two
basic categories of analytical and simulation methods [2]. The analytical techniques are highly
developed and have been used in practical applications for many years. Analytical technigques
represent the system by mathematical models and evaluate the reliability indices from these
models using mathematical solutions. The exact mathematical equations can become quite
complicated and approximations may be required when the system is complicated. A range of
approximate techniques therefore has been developed to simplify the required calculations.
Analytical techniques are generally used to evaluate the mean or expected values of the load
point and system reliability indices. The mean values are extremely useful and are the primary
indices of system adequacy in distribution system reliability evaluation. The mean values have
been used for many years to assist power system planners to make planning and operation
decisions. Time sequential simulation techniques can be used to estimate the reliability indices
by directly simulating the actual process and the random behavior of the system and its

components. These techniques can be used to simulate any system and component characteristics
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that can be recognized. The sequential method simulates component and system behavior in
chronological time and the system and component states in a given hour are dependent on the
behavior in the previous hour. Time sequential simulation techniques can be used to evaluate
both tie mean values of the reliability indices and their probability distributions without
excessive complications due to the probability distributions of the element parameters and the
network configuration complexity. Simulation can be used to provide useful information on both
the mean and the distribution of an index and in general to provide information that would not
otherwise be possible to obtain analytically. The disadvantage of the simulation technique is that
the solution time can be extensive. A number of analytical and simulation methods are reviewed

in this section.

2.2.1. Fault Tree Analysis (FTA)
Fault Tree Analysis is one of the most commonly used techniques for risk and reliability studies.

Fault tree analysis is used as a tool to model the failure paths within a system which is important
in reliable system design and development. As an analytical technique, fault tree analysis
identifies events that can cause an undesired system failure. Therefore, by obtaining the
probabilities of the causing events, one can end up calculating the overall probability of the main
failure event [16].

Fault trees are built using gates and events. Most commonly, fault trees are composed of “AND”
and “OR” gates, connecting the events toward the root failure. If either of a group of events
causes the top failure to occur, then those events are connected using an “OR” gate. On the other
hand, if all events need to occur to cause the top failure, they are connected by an “AND” gate.
Each of the failure causes may also be further explored to determine the failure modes associated
with them. However, the expansion of the tree is dependent on how much detailed data are

available from operation history of the equipment [17].

2.2.2. Failure Mode and Effect Analysis (FMEA)
Failure Mode and Effect Analysis (FMEA) is considered as a process of ranking the most critical

parts of a system; and it can be used for efficient resource allocation and maintenance scheduling
based on higher priorities. FMEA is a proactive process to determine several key potential
failures in the system through the comparison of some predefined factors, and as a result, it helps
increase the reliability and availability of that system. This process has been used on almost any
equipment from cars to space shuttles [18].
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In FMEA study, after determination of the failure modes, the main calculation procedure
comprises of three steps:

1) The probabilities of the failure modes occurrences need to be determined.

These may be obtained from the previous data for the failed parts. These probabilities are then
categorized and assigned a scaling number; with the lowest number for the least probable
category.

2) The rate of severity of each failure mode is assigned and scaled due to the consequences of the
failure and the amount of damage to the equipment.

3) Another scale number is assigned to the fault detection possibility; with the lowest number to
the most likely detection of the failure.

The outcome of this method is the Risk Priority Number (RPN) which is calculated by
multiplying all these three scale numbers. The RPNs are then ranked in order of importance [12].

2.2.3. Markov Processes
A Markov process is a stochastic process in which given the present state of the system, the

future behavior only depends on the present and not on the past. This is usually referred to as the
Markov Property. A Markov Process is typically defined by a set of discrete states. At each state,
there are a number of possible events which define the transitions between the current and the
next state of the process. In a Continuous Time Markov Process, it is assumed that the duration
of time spent at each state is exponentially distributed and the transitions between the states are
defined using a transition rate matrix [13].

Markov processes can be used for reliability assessment of power systems. In a component level,
a simple state space representation includes two states: Up (working) and Down (not working).
This basic model is called binary-state model, and may be extended to include certain state
dependencies, for example among failures of different components or between a component state
and the change in operation condition, by adding associated states to the model. Comprehensive
models of the power system are capable to consider deterioration stages, inspection, and different
types of maintenance and repairs for a more accurate representation of the components in an
actual system [14].

Markov processes can be used in a format of Markov Decision processes (MDP) to determine
optimum decisions at different states. An MDP is used to model an uncertain dynamic system in

which a sequence of decisions needs to be made over time with uncertain outcomes. There is a
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reward associated with each state and action made at that state. Each action taken can either
return a reward or incur a cost. Thus, in an MDP, the goal is to find an optimal sequence of
actions, called optimal policy, such that the expected reward over a given time interval becomes
maximum [13]. For example, in a state space defined for the power system components, an
optimum maintenance policy may be determined which minimizes the costs and meets a certain

level of expected availability requirement.

2.2.4. Analytical Reliability Network Equivalent Technique
The analytical techniques required for distribution system reliability evaluation are highly

developed. Many of the published concepts and techniques are presented and summarized in
[41]. Conventional techniques for distribution system reliability evaluation are generally based
on failure mode and effect analysis (FMEA) [1, 41]. This is an inductive approach that
systematically details, on a component-by-component basis, all possible failure modes and
identifies their resulting effects on the system. Possible failure events or malfunctions of each
component in the distribution system are identified and analyzed to determine the effect on
surrounding load points. A final list of failure events is formed to evaluate the basic load point
indices. The FMEA technique has been used to evaluate a wide range of radial distribution
systems. In systems with complicated configurations and a wide variety of components and
element operating modes, the list of basic failure events can become quite lengthy and can
include thousands of basic failure events. This requires considerable analysis when the FMEA
technique is used. It is therefore difficult to directly use FMEA to evaluate a complex radial
distribution system.

A reliability network equivalent approach is introduced in this study to simplify the analytical
process. The main principle in this approach is that an equivalent element can be used to replace
a portion of the distribution network and therefore decompose a large distribution system into a
series of simpler distribution systems. This is a novel approach to distribution system evaluation
which provides a repetitive and sequential process to evaluate the individual load point reliability
indices. The procedure of using reliability network equivalent approach is explained later in

chapter four system reliability modeling part.
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2.3. Reliability Indices
The basic function of a distribution system is to supply electrical energy from a substation to the

individual customer load points. Service continuity is, therefore, an important criterion in a
distribution system, Service continuity can be described by three basic load point indices and a

series of system indices [I].

2.3.1. Basic Load Point Indices
The three basic load point reliability indices usually used are the average failure rate A, the

average outage time r and the average annual unavailability or average annual outage time U. It
should be noted that these indices are not deterministic values but are expected values of an

underlying probability distribution and hence are long-run average values.

2.3.2. Basic System Indices
The three primary load point indices are fundamentally important parameters. They can be

aggregated to provide an appreciation of the system performance using a series of system
indices. The additional indices that are most commonly used [I] are defined in the following

sections.

Customer-Oriented Indices
()] System average interruption frequency index, SAIFI

total number of customer interruptions

SAIFT = total number of customer served
_ r L AINI 2.1)
2. Ni
Where Ai is the failure rate and Ni is the number of customers at load points i.
(i) System average interruption duration index, SAIDI
SAIDI = total number of customer interruptions duratio
total number of customer served
* L UiNi
= TSN (2.2)

Where Ui is the annual outage time and Ni is the number of customers at load point i.
(iif) Customer average interruption duration index, CAIDI

CAIDI total number or sum of customer interruptions duration

total number of customer interruption
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Y, UiNi

S AiNi (23)

Where Ai is the failure rate, Ui is the annual outage time and Ni is the number of customers at
Load point i.
(iv)Average service availability (unavailability) index ASAI (ASUI)

customer hour of available service

ASAI =
customer hour demanded
n _Ni*8760—Y NiUi
= &= , 2 (2.4)
Y Ni * 8760
ASUI =1 — ASAI (2.5)

Where Ai is the failure rate, Ui is the annual outage time, Ni is the number of customers at load

point i and 8760 is the number of hours in a calendar year.

Load and Energy oriented Index
1. Energy not supplied index (ENS)

ENS = total energy not supplied by the system = Z?zl La(i)Ui (2.6)
Where La(i) is the available load connected to load point i.

2. Average energy not supplied index, AENS

total energy not supplied
AENS = gy pp

total number of customer served

Y La(iUi
- Y Ni

The customer and load oriented indices described above are very useful for assessing the

2.7)

sensitivity analysis in predictive reliability assessment. They are also extensively used, however,
as a means of assessing the past performance of a system [1].

2.4. Reliability Cost and Worth
As a concept, reliability is an inherent characteristics and a specific measure that describes the

ability of any system to perform its intended function. The primary technical function of a power
system is to supply electrical energy to its end customers. This has always been an important
system issue and power system personnel have always strive to ensure that customers receive

adequate and secure supplies within reasonable economic constraints [6].
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The system adequacy basically means the availability of enough generation, transmission and
distribution capacities to meet the customer demand. While on the other hand security is
considered to relate to the ability of the system to respond to disturbances arising within the
system. Therefore, adequacy assessment represents the static conditions, whereas security
assessment pertains to the dynamic conditions of the power system [1].

Utilities, in a venture to supply power at an economic price with an adequate level of reliability,
often faces challenges to balance the high level of reliability at relatively low cost, since these
two aspects counters each other. Direct evaluation of reliability worth is a difficult task,
therefore, a practical alternative, which is being widely used, is to evaluate the impacts and
monetary losses incurred by customers due to power failures. When an interruption is
experienced by a customer, there is an amount of money that the customer is willing to pay to
evade the interruption and this amount is referred to as the ‘customer cost of reliability’. These
costs include both tangible and intangible cost and also the opportunity cost. As such, to
maximize the reliability, utility should balance their reinforcement cost for reliability
improvement and the customer cost for poor reliability. Therefore, the optimal level of reliability

is said to be achieved when the sum of utility cost and the customer cost is at minimum.

2.5. Impacts of Mitigation techniques and Protection System on Reliability
A properly coordinated protection system is vital to ensure that an electricity distribution

network can operate within preset requirements for safety for individual items of equipment,
staff and public, and the network overall. Suitable and reliable equipment should be installed on
all circuits and electrical equipment and to do this, protective relays are used to initiate the
isolation of faulted sections of a network in order to maintain supplies elsewhere on the system.
This then leads to an improved electricity service with better continuity and quality of supply.
This can reduce the permanent outages and its durations. Nowadays, with the increase of
sensitive load with the end users, to improve the power quality and to mitigate the momentary
interruptions is also equally important. The first step is to find out the root cause of the problem
and apply mitigation solutions to a circuit that affects the largest number of customers.

A better over-current protection scheme can reduce number of customers affected by temporary
and permanent faults. The reliability of the system depends on the mitigation techniques being

used by the utility namely, electric and non-electric mitigation techniques. So, historical data can
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be used to quantify improvements and predict the best locations for Distributed Generations for

reliability improvements.

2.6. Distributed Generation and Electric System Reliability
The best definition for Distributed generation (DG) is, "the source of electric energy is connected

to distribution networks or directly to the consumer side”. The nominal amounts of these
generations varied, but usually their generation capacity range from a few KW to hundredth
MW. These units are in substations and in the distribution feeders, near the loads.

DG can be used to improve reliability in both direct and indirect ways. For example, DG could
be used directly to support local voltage levels and avoid an outage that would have otherwise
have occurred due to excessive voltage sag. DG can improve reliability by increasing the
diversity of the power supply options. DG can improve reliability in indirect ways by reducing
stress on grid components to the extent that the individual component reliability is enhanced. For
example, DG could reduce the number of hours that a substation transformer operates at elevated
temperature levels, which would in turn extend the life of that transformer, thus improving the
reliability of that component [11].DG placement and size are very important, because its non-
optimal installation increases the losses and raises the costs.

In general, distributed generation can increase the system adequacy by increasing the variety of
generating technologies, increasing the number of generators, reducing the size of generators,
reducing the distance between the generators and the loads, and reducing the loading on
distribution and transmission lines. Distributed generation can also have a negative impact on
reliability depending upon a number of factors that include the local electrical system
composition as well as the DG itself. These factors include DG system size, location, control
characteristics (including whether the DG is dispatchable), the reliability of the fuel supply, and
the reliability of the DG unit itself [41].
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2.7. Literature Review of DG placement.

2.7.1. Impacts of Distributed Generation (DG)

Interconnecting a DG to the distribution feeder can have significant effects on the system such as
power flow, voltage regulation, reliability etc. A DG installation changes traditional
characteristics of the distribution system. Most of the distribution systems are designed such that
the power flows in one direction. The installation of a DG introduces another source in the
system. When the DG power is more than the downstream load, it sends power upstream
reversing the direction of power flow and at some point between the DG and substation; the real
power flow is zero due to back flow of power from DG.

A few papers [19, 20] present guidelines for DG interconnection. In [20], the author defined
rules for studying the impacts of interconnecting DG to a distribution feeder. The rules are
defined for power flow reversal, optimal DG placement for reduction of losses and the impacts
of DG on over-current protection. In [21], the author also discussed zero point analysis and rules
for modeling of Distributed Generation interaction with the system.

The 1547 series of IEEE standards for interconnecting distributed resources to the power system
is a set of standards consisting of 4 parts [21]. The standards provide criteria and requirement for
interconnecting distributed resources to the power system. The IEEE 1547.1 [22] defines the
requirement for interconnecting equipment that connects the DG to the electric power system is
presented. The IEEE 1547.2 [23] provides technical details and application to understand the
IEEE standard is presented. The IEEE 1547.3 [24] guide addresses engineering concerns of
design, operation and integration of DG island systems. The IEEE 1547.4 [25] standard focuses
on criteria, test and requirements for interconnection distribution secondary network of area
electric power system (Area EPS) with Local EPS having Distributed Resource generation.

As discussed in the following sections, the impacts of installing DG on voltage, losses and

reliability indices of a residential distribution network are studied based on various criteria.

2.7.2. Voltage Impact
The DG installation can impact the overall voltage profile of the system. Inclusion of DG can

improve feeder voltage of distribution networks in areas where voltage dip or blackouts are of
concern for utilities. The voltage issues related to the installation of DG on current electrical
system have been discussed in several papers. In [26], the impact of DG on electric losses,

voltage profile and reliability were discussed. The purpose is to find optimal DG allocation and
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sizing for minimal losses and proper voltage and reliability support. In [27], the impacts of DG
on power system were analyzed. The paper analyzes impact of DG on voltage regulation and
losses, as well as the voltage flicker and harmonics that can be caused by the DG. The paper also
addresses DG impacts on short circuit levels and the islanding operation of DG.

However, the DG can also confuse the voltage regulator settings and can cause the voltage to
deviate above or below the permissible range. In [28], a technique to regulate voltage using DG
was proposed. The paper presents a simulation that uses a voltage control method for optimal
power injection from DG. In [29], the impacts of distributed generation (DG) on voltage
regulation by Load Tap Changing (LTC) transformer were studied. The paper shows that DG can
cause under-voltages and over-voltages if proper LTC tap transformer controls are not applied.
Several papers have presented control models for the efficient operation of DG. In [30], the
author presented operation and control for DG installation. The paper presents a DG control
model to improve the network voltage efficiently. In [31], the author addressed network issues
when multiple DGs are included in the network. The paper presents analytical methods and
solutions to develop design criteria for DG installation. The authors of [32] presented a simple
analytical method to estimate voltage profile for radial distribution system when placing DG
units with specific active and reactive power generation. The authors of [33] also discussed
voltage regulation coordination methods of DG in a distribution system. The approach makes use
of controlling DGs reactive power based on its real power to satisfy system voltage
requirements. In this research, the voltage impact of installing DG on distribution network is not
considered.

2.7.3. Losses
Installation of DG also impacts the losses and power factor of the distribution system. A few

papers have talked about the reduction of losses by inserting power from DG into the system. In
[26] the authors discussed the role of DG in loss reduction based on a power summation method.
In [27], the authors briefly presented the impact of DG on losses of the feeder. However, no
analysis is presented. In this research, the loss analysis and impact of installing DG on the

distribution system is not considered.
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2.7.4. Reliability
Distribution system reliability is an important factor in system’s planning and operation. The

reliability indices such as SAIFI, SAIDI, CAIFI, CAIDI, ASAI, ASUI, ENS etc presented by the
IEEE guide are used to evaluate reliability of the system. In [34], the IEEE guide for reliability
indices and terms and definitions related to them were presented. Several papers discussed the
use of these reliability indices and the data collection for their evaluation [35, 36]. The authors of
[35] presented the methods of data collection to calculate the reliability indices of system. The
paper talks about classes of customers, selecting the relevant index, outage data collection such
as the indices reflect the actual customer perceptions and hence would contribute towards
improving the reliability. In [36], the author presented a survey of the reliability indices practices
in the US. The results showed that SAIDI, SAIFI, CAIDI and ASAI were the most used indices.
The paper also discussed outage factors and their roles in reliability calculation. The calculation
of reliability indices can be examined by using developed software. In [37], the author used a test
system on a General reliability program DISREL to show the impact of distributed generation
improving the reliability of the system. The paper showed that DG was a cost-effective solution
that could benefit both utility and customers. The authors of [38] presented modeling techniques
for DG, and apply them to a radial network using commercial software tools that shows
improvement in the reliability indices. Several papers have presented techniques to evaluate the
reliability of the system. In [39], the author presented an analytical approach to calculate the
reliability of the system that included some intrinsic attributes of the DG and the distribution
system including DG failure, component failure, change in load demand etc. Many factors were
considered for the reliability indices calculation in the proposed technique. In [40], the author
presented an analytical and probabilistic approach to calculate the reliability for momentary
interruptions. The paper also presented reliability cost evaluation technique that unifies sustained
and momentary interruptions costs.

The location for the placement of DGs is of key importance. In [41], the authors studied the
effects of DG on system reliability on an Iranian Distribution system. The analysis showed that
reliability indices were highly sensitive to location. In [26], the author discussed the DG impacts
on reliability, losses and voltage profile of the system. The paper showed that reliability indices
could be improved by properly allocating DG.
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Properly coordinated distributed generation can have a positive impact on the system. The author
of [42] presented the positive and negative impact of DG on reliability indices and power quality.
The positive impacts included faster restoration and reduced voltage sags while the negative
impacts could be sympathetic tripping, increased fuse blowing etc. In [27], the author discussed
the intentional islanding impacts of DG for reliability improvement. A few papers had presented
validation models for calculating reliability indices [43, 44]. In [33], the basic data for reliability
assessment of distribution system was presented. The paper also contained basic results of
continuity studies for a range of sensitivity analysis and alternate configurations. Also, in [44], a
validation method for reliability model was presented. The model determines component
reliability data so that the predicted values of reliability indices match with the historical data.

In this research, a technique based on [45] is used to calculate reliability indices in a distribution
system on a radial network. In this technique, the failure rate, outage duration and repair time of
each load point on the feeder is determined and is used to calculate the reliability indices of the
system. The reliability impact of installing specified size DG as backup on the distribution

system at the optimal location by intelligent manner is studied in this research
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CHAPTER THREE: DISTRIBUTION SYSTEM AND DISTRIBUTED
GENERATIONS

3.1. Traditional Concept of Power Systems

Currently, most of the power systems generate and supplies electricity having into account the

following considerations [1], [2]:

Electricity generation is produced in large power plants, usually located close to the
primary energy source (for instance: coil mines) and far away from the consumer
centers.

Electricity is delivered to the customers using a large passive distribution infrastructure,
which involves high voltage (HV), medium voltage (MV) and low voltage (LV)
networks.

These distribution networks are designed to operate radially. The power flows only in
one direction: from upper voltage levels down-to customers situated along the radial
feeders.

In this process, there are three stages to be passed through before the power reaching the

final user, i.e. generation, transmission and distribution.

In the first stage the electricity is generated in large generation plants, located in non-populated
areas away from loads to get round with the economics of size and environmental issues. Second
stage is accomplished with the support of various equipment’s such transformers, overhead
transmission lines and underground cables. The last stage is the distribution, the link between the
utility system and the end customers. This stage is the most important part of the power system,
as the final power quality depends on its reliability [2].

The electricity demand is increasing continuously. Consequently, electricity generation must
increase in order to meet the demand requirements. Traditional power systems face this growth,
installing new support systems in level 1 (see figure 3.1). Whilst, addition in the transmission

and distribution levels are less frequent.
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LEVEL1L Generation

Transmission

LEVEL 2
LEVEL 3 Distribution
LEVEL 4 Customer

Figure 3.1: power system without distributed generation

3.2. New Concept of Power Systems
Nowadays, the technological evolution, environmental policies, and also the expansion of the

finance and electrical markets, are promoting new conditions in the sector of the electricity
generation [2].

New technologies allow the electricity to be generated in small sized plants. Moreover, the
increasing use of renewable sources in order to reduce the environmental impact of power

generation leads to the development and application of new electrical energy supply schemes.

25



In this new conception, the generation is not exclusive to level 1. Hence some of the energy-

demand is supplied by the centralized generation and another part is produced by distributed

generation. The electricity is going to be produced closer to the customers.

Generation

Energy flow

Transmission

Distribution

U

Customer

‘ ‘ ‘ ‘ ‘ ‘ Energy flow

Distribution

1]

Distributed Generation

Figure 3.2: power system including distributed generation
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3.3. Distributed Generation

3.3.1. DG Introduction

Distributed Generation (DG) is one of the new trends in power systems used to support the
increased energy-demand. There is not a common accepted definition of DG as the concept
involves many technologies and applications. Different countries use different notations like
“embedded generation”, “dispersed generation” or “decentralized generation”.

Furthermore, there are variations in the definition proposed by different organizations (IEEE,
CIGRE...) that may cause confusion. Therefore in this thesis, the following definition is used
[46]:

Distributed generation is considered as an electrical source connected to the power system, in a
point very close to/or at consumer’s site, which is small enough compared with the centralized
power plants.

To clarify about the DG concept, some categories that define the size of the generation unit are
presented in Table 3.1.

Table 3.1: Different DG Categories with Size

Type Size

Micro distributed generation lwatt-5KW
Small distributed generation 5KW-5MW
Medium distributed generation 5MW-50MW
Large distributed generation 50MW-300MW

The concept of DG contrasts with the traditional centralized power generation concept, where the
electricity is generated in large power stations and is transmitted to the end users through
transmission and distributions lines. While central power systems remain critical to the global
energy supply, their flexibility to adjust to changing energy needs is limited. Central power is
composed of large capital-intensive plants and a transmission and distribution (T&D) grid to

disperse electricity.
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Figure 3.3: An electric power system
A distributed electricity system is one in which small and micro generators are connected
directly to factories, offices, household and to lower voltage distribution networks. Electricity
not demanded by the directly connected customers is fed into the active distribution network to
meet demand elsewhere. Electricity storage systems may be utilized to store any excess
generation. Large power stations and large-scale renewables, e.g. offshore wind, remain
connected to the high voltage transmission network providing national back up and ensure
quality of supply. Again, storage may be utilized to accommodate the variable output of some

forms of generation. Such a distributed electricity system is represented in figure 3.4 below.
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Figure 3.4: A Distributed Electricity System

3.3.2. Benefits and Concerns of DG

3.3.2.1. Benefits of DG

1. Customer Benefits
Properly located, installed and operated DG can improve reliability of energy supply,
increasingly critical to business and industry in general, and essential to somewhere
interruption of service is unacceptable economically or where health and safety is
impacted [48].

The various DG technologies offer the opportunity of selecting the right energy solution
at the right location. DG technologies can provide a stand-alone power option for areas
where transmission and distribution infrastructure does not exist or is too expensive to
build;
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DG may offer efficiency gains for on-site applications by avoiding line losses, and using
both electricity and the heat produced in power generation for processes or heating and
air conditioning;

Its flexibility of operation because of small modular units enables savings on electricity
rates by self-generating during high-cost peak power periods and adopting relatively low
cost interruptible power rates;

Benefits for environmental quality may come from distributed generation's role in
promoting renewable energy sources, less-polluting forms of fossil energy, and high
efficiency technologies. DG allows power to be delivered in environmentally sensitive
and pristine areas by having characteristically high efficiency and near-zero pollutant
emissions;

Affords customers a choice in satisfying their particular energy needs; and

Provides siting flexibility by virtue of the small size, superior environmental

performance, and fuel flexibility.

2. Supplier Benefits
DG limits capital exposure and risk because of the size, siting flexibility, and rapid
installation time afforded by the small, modularly constructed, environmentally friendly,
and fuel flexible systems;
Unnecessary capital expenditure can be prevented by closely matching capacity increases
to growth in demand;
DG avoids major investments in transmission and distribution system upgrades by siting
new generation near the customer;
It offers a relatively low cost entry point into a new and competitive market; and
Opens markets in remote areas without transmission and distribution systems, and areas

without power because of environmental concerns.

3. National Benefits
Distributed generation technologies that relied on renewable energy sources could yield

environmental benefits in the form of reduced emissions of pollutants and greenhouse
gases if those technologies displaced utility-supplied power, much of which is generated

from coal. Technologies that relied on conventional fuels would yield environmental
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benefits if they resulted in a shift to less-polluting energy sources-for example, natural
gas rather than coal. High-efficiency technologies could yield benefits by reducing the
amount of energy required to produce a unit of electricity.[49]

DG responds to increasing energy demands and pollutant emission concerns while
providing low-cost, reliable energy essential to maintaining competitiveness in the world
market; and

Establishes a new industry worth billions of dollars in sales and thousands of jobs and

enhances productivity through improved reliability and quality of power delivered

3.3.2.2. Concerns of Distributed Generation
Apart from the benefits of connecting DG units, there are several economical and technical

concerns of this connection. The main economical ones could be the high capital cost of
renewable DG units and the generation efficiency of conventional DG units comparing to
centralized power plants. The site area required to install the DG is also a considerable
economical constraint. The building integrated photovoltaic (BIPV) application could be an
exception as the PV modules are integrated in the walls of the building.

On technical side, the power quality along with protection and safety are the most serious issues.
Regarding power quality; disturbance of voltage level, power factor control, and total harmonic
distortion (THD) are among the main concerns. While islanding operation, disturbance of
unidirectional relays, contributing to short circuit current faults are among the major protection
and safety concerns. As a matter of fact, the generation of electric power at downstream points of
distribution feeders could be the main reason behind several technical concerns. To this end the
impact of reverse power flow (RPF) toward the substation due to possible generation of surplus
DG power is the main impacts which disturb the local distribution substation as well as the

whole system if the penetration of the DG power is extremely high.

Reverse Power Flow (RPF)
The connection of a DG unit at some CP along a radial distribution feeder will inject a certain

amount of power. At any interval if this power exceeds the demand, the surplus amount will flow
in the reverse direction towards the substation. Reverse power can disturb the inherent integrity
of existing protection and regulation systems of the radial system that are designed to work with
power flow in one direction. This may include the automatic voltage regulators [50] and the

unidirectional protection devices [51]. Also, it may increase undesirably the voltage level and
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current at some parts of the feeder. Additionally, it can result in increased line power losses in
the upstream direction [52]. Additionally, RPF complicates the islanding protection of inverter-
based DG units [53]. Upgrading the control system of the substation with intelligent bidirectional
protection and control devices could deal with the above issues. However, the systems were
originally designed and set to operate with unidirectional power flow. Therefore, allowing RPF
may lead to unstable operation. The idea is that if the intelligent devices are adjusted to be
effective during DG operation, they should be also effective when the DG unit is not working
[54].And the next section explains impacts that come on the distribution system due to

integration of DG and its reverse power flow in detail.

1. Impact on unidirectional protection

Figure 3.5 shows an example on the impact of reverse power on the traditional unidirectional
relays R1 and R2. At no DG unit and no fault condition the circuit breakers CB1 and CB2 are
closed and the feeder(s) are served from transformers Ta and Tb. If a short circuit fault occurs at
F1 it would be cleared by the protection system of Th. However, CB2 is still desired to open in
order to remove the fault that could continue to generate an arc. This is achieved by connecting
the directional relay R2 associated with CB2. Normally, this relay is sensitive enough to detect
the magnetizing current taken by transformer Th, even if its protection has cleared F1 [51]. R2 is
also active in clearing short circuit faults at F2. However, the fault current will be high enough in

this case so the sensitivity feature is not that much important.

ks "

p—— Ta [ e

l[ ﬁ [ B

i
x

(a) At fault and with no DG connection (b) At no fault but with DG reverse power flow

Figure 3.5: Example of the impact of RPF on a unidirectional relay

32



Part “a” illustrates the system with no DG unit, but with faults at F1 and F2. On the other hand,
part “b” illustrates the same system with a DG unit connected at one of the radial distribution
feeders served by the substation. In the event the DG production is higher than the demand at the
coupling point (CP) node the surplus power will flow in the reverse direction toward the
substation. This power could disturb the operation of R2 even with no faults at F1 or F2. There
are several possibilities of such disturbances based on the connection schemes of the
unidirectional devices in the system.

2. Impact on voltage regulation

The RPF may also disturb the operation of automatic voltage regulators (AVR) at the substation.
The function of many traditional AVR devices relies on that the power flows in one direction
from the substation to the end of distribution feeder. Hence, they are set on the basis that the
voltage profile decreases in the downstream direction away from the substation. With RPF this
concept no longer applies [50]. In such a case the voltage of feeder sections witnessing reverse
power will decrease in the upstream direction the matter that may interfere with the operation of
AVR control [54]. The RPF could even disturb the operation of bidirectional line voltage
regulators [53&55]. As a matter of fact, many voltage regulators have specific issues with RPF
[56]. Figure 3.6 illustrates the configuration of bidirectional line voltage regulation on a
distribution feeder based on the literature in [55&56].

[ ( i
B ';!!:;.'.‘gE_ E

i

TAA .:E. ..":..'. A

|

Figure 3.6: Configuration of bidirectional line voltage regulators
The bidirectional voltage regulator measures the voltage at the source and load sides by the
means of potential transformers (PT). Also it can determine the direction of power flow by
checking the phase shift between the voltage and the line current measured by the current

transformer (CT) [55]. In the event that the substation is on the source side, the device will
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regulate V2 on the load side based on the measurements of PT2. In case that V2 is lower than the
set point, the controller changes the tap trying to raise V2 by increasing the voltage across the

boost-buck transformer. The opposite happens if V2 was higher than the set point limit.

In the same course, assume that the feeder is sectionalized with an adjacent feeder in a way that
it is served from the load side. Such being the case, the controller will switch the device to
regulate VV1 on the source side based on the measurements of the PT1. To this end if V1 is lower
than the set point, the controller will change the tap to decrease the voltage across the boost-buck
transformer. This way V1 will be increased by voltage divider rule.

Figure 3.7 illustrates a part of radial distribution feeder with a line voltage regulator and DG unit
connected on the load side of the regulator. With such configuration there is a possibility that the

operation scenario above is totally confused.

DG
1".I "._'_-.

— = —

Normal performance by regulating V2 with the The regulator mistakenly tries to regulate
Source is on the V; side V thinking that the source is on the V;side
Figure 3.7: Line voltage regulator and DG unit on radial distribution feeder

If at any time the power produced by the DG unit exceeds the demand at the CP node there will
be a certain amount of RPF towards the substation. In such a case, the voltage regulator will
determine that the substation has been switched to the load side so it will attempt to regulate V1.
Consequently, if V1 is measured by the PT1 to be higher than the set point, the regulator will
attempt to decrease it by raising the voltage across the boost-buck transformer. Nothing will
happen with V1 because the voltage is held constant on the source side by the utility. However,
V2 on the load side will be increased further. The regulator will continue tapping the variable
transformer attempting to decrease V1, but will raise V2 instead further and further. The process
stops when the tap reaches the limit ending with V2 increased to an undesirable level. The same

confusion happens in the opposite way if V1 was lower than the set point.
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It is worth mentioning that the line voltage regulator can perform normally if the capacity of DG
unit was lower than the level that starts to create RPF.

3. Impact on feeder ampacity and line power losses

In the same connection, the RPF may result in ampacity problems. Actually, if the surplus power
of the DG unit is high enough, the rate of reverse current could exceed the ampacity limit of the
upstream line sections next to the CP node.

In addition to the unidirectional relay and voltage and current concerns, the relation between the
line power losses and RPF is also an issue. In principle, the line power losses in any line section
along radial distribution feeder are proportional to the power flow through that section. Hence,
local power generation via a DG unit at a certain CP along the feeder shall reduce the power sent
from the substation. Consequently, this reduces the line power losses in the wire conductors
between the substation and the CP. Figure 3.8 explains the reduction in current flow with DG
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Figure 3.8: Current flows with and without DG unit connection
However, if the DG power production exceeds the demand at the CP, the surplus power will flow
back in the reverse direction causing the line power losses to increase again in the reverse
direction. Higher reverse power leads to higher reverse losses that may eventually result in no
line power loss reduction. The losses could even end with higher than original values if the net

currents of the first three sections in the figure exceed the original currents.
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3.3.3. Types of Distributed Generation
DG can be classified into two major groups, inverter based DG and rotating machine DG.

Normally, inverters are used in DG systems after the generation process, as the generated voltage
may be in DC or AC form, but it is required to be changed to the nominal voltage and frequency.
Therefore, it has to be converted first to DC and then back to AC with the nominal parameters
through the rectifier [47].

In this topic, some of the DG technologies, which are available at the present: photovoltaic

systems, wind turbines, fuel cells and micro turbines are introduced.

3.3.3.1 Photovoltaic Systems
A photovoltaic system, converts the light received from the sun into electric energy. In this

system, semi conductive materials are used in the construction of solar cells, which transform the
self-contained energy of photons into electricity, when they are exposed to sun light. The cells
are placed in an array that is either fixed or moving to keep tracking the sun in order to generate
the maximum power [47].

These systems are environmental friendly without any kind of emission, easy to use, with simple
designs and it does not require any other fuel than solar light. On the other hand, they need large

spaces and the initial cost is high.

Figure 3.9: Schematic diagram of a photovoltaic system

PV systems generate DC voltage then transferred to AC with the aid of inverters. There are two

general designs that are typically used: with and without battery storages.
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3.3.3.2 Wind Turbines
Wind turbines transform wind energy into electricity. The wind is a highly variable source,

which cannot be stored, thus, it must be handled according to this characteristic. A general

scheme of a wind turbine is shown in Figure.3.10, where its main components are presented [47].
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Figure 3.10: Schematic operation diagram of a wind turbine
The principle of operation of a wind turbine is characterized by two conversion steps. First the
rotor extract the kinetic energy of the wind, changing it into mechanical torque in the shaft; and
in the second step the generation system converts this torque into electricity.
In the most common system, the generator system gives an AC output voltage that is dependent
on the wind speed. As wind speed is variable, the voltage generated has to be transferred to DC
and back again to AC with the aid of inverters. However, fixed speed wind turbines are directly

connected to grid [47].

In the study area there is good potential of wind for power generation up to 50MW and Gonder is
one of the candidate areas for the wind project (Gonder-1 and Gonder-Il) [source: paper

presented by ministry of water and energy in Dubai, Abudiabi]
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3.3.3.3 Fuel Cells
Fuel cells operation is similar to a battery that is continuously charged with a fuel gas with high

hydrogen content; this is the charge of the fuel cell together with air, which supplies the required
oxygen for the chemical reaction [47].

The fuel cell utilizes the reaction of hydrogen and oxygen with the aid of an ion conducting
electrolyte to produce an induced DC voltage. The DC voltage is converted into AC voltage
using inverters and then is delivered to the grid.

In Figure below the operation characteristics of a fuel cell are presented.

Individual Fuel Cell

Figure 3.11: Schematic diagram of a fuel cell

A fuel cell also produces heat and water along with electricity but it has a high running cost,
which is its major disadvantage. The main advantage of a fuel cell is that there are no moving
parts, which increase the reliability of this technology and no noise is generated. Moreover, they
can be operated with a width spectrum of fossil fuels with higher efficiency than any other
generation device. On the other hand, it is necessary to assess the impact of the pollution
emissions and ageing of the electrolyte characteristics, as well as its effect in the efficiency and
life time of the cell.
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3.3.3.4 Micro-Turbines
A micro-turbine is a mechanism that uses the flow of a gas, to covert thermal energy into

mechanical energy. The combustible (usually gas) is mixed in the combustor chamber with air,
which is pumped by the compressor. This product makes the turbine to rotate, which at the same
time, impulses the generator and the compressor. In the most commonly used design the
compressor and turbine are mounted above the same shaft as the electric generator. This is

shown in Fig. 3.12.
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Figure 3.12: operation diagram of micro turbine

The output voltage from micro-turbines cannot be connected directly to the power grid or utility,
it has to be transferred to DC and then converted back to AC in order to have the nominal
voltage and frequency of the utility.

The main advantage of micro-turbines is the clean operation with low emissions produced and
good efficiency. On the other hand, its disadvantages are the high maintenance cost and the lack
of experience in this field. Very little micro-turbines have been operated for enough time periods
to establish a reliable field database. Furthermore, methods of control and dispatch for a large

number of micro turbines and selling the remaining energy have not been developed yet [47].

And the table below summarizes the general characteristics and comparison of different types of
DG technologies.
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Table 3.2: Comparison and Characteristics of DG Technologies

Technology Benefits Drawbacks Fuel Choice Size (kW)
Microturbines - Thermal - Insufficient Natural gas, 15-250
Efficiency is 28% | recovery improves | thermal output for propane, diesel,
to 33% efficiency - industrial apps multi-fuel
Thermal output
for residential or
small commercial
apps - Operable as
base, peaking, or
back-up
Small Gas - Highly efficient | - Potentially Natural gas, 3,000-15,000
Combustion when used with onerous siting and distillate, methane
Turbines thermal recovery - | permitting
Efficiency is 25% | Technology requirements -
to 40% commercially Environmental
available today issues—emissions
most likely and noise - Possible
candidate for on- | on-site fuel storage
site needs >3 MW | needs
in DG application
- Can operate base
load, back-up, or
peaking - Several
manufacturers -
Relatively low
installed costs
Internal - Bulk power - Insurance policy Diesel, natural 1-6,000
Combustion delivered when effect: Capital is gas, propane, bio-
Engines utility is only being used gas, other
Efficiency is 28% | unavailable - Fast | when back-up petroleum
to 37% startup allows less | generator is running | distillates

sensitive
processes to be
served without
need for UPSs
(emergency
lighting, HVAC,
elevators, some
manufacturing
processes) - Very
mature, stable
technology - Can
be paralleled to
grid or other
generators with
controls package

- Marginal cost of
production
generally favors
utility source in all
but rare occasions -
Environmental
issues—emissions
and noise - Possible
on-site fuel storage
needs
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Fuel Cells High - Very high fuel - Few commercially | Direct by MCFC 250-
temp: Efficiency | efficiencies from available devices - hydrogen; natural | 2,850 PAFC:
is 45% to 55% hydrogen to Most research gas, propane, 200 PEMFC: 3—
Low temp: electricity - efforts are for methanol, or other | 250 SOFC
Efficiency is 30% | Potential to automotive hydrogen-rich (solid oxide fuel
to 40% operate base load | applications - Nota | source through cells): 225-

with utility back- | zero-emission reformer 2,240

up - Very high technology—the

efficiencies when | effect of that may

combined with vary by state - Cold

heat recovery - start is 1-2 days for

Green MCFC, 3 hours for

technology— PAFC, 1 hour for

water and heat are | PEMFC, and 2

only emissions minutes for SOFC

from hydrogen

fuel, low

emissions from

other fuels
Photovoltaic - No variable - Big foot print (600 | None Limited by

costs for fuel - No | ftZkW) - High available area

moving parts— installed costs - Not

inexpensive suited for base load

maintenance and - Not suited for

long life - No back-up except

emissions, no when accompanied

noise - Can be by storage -

used for peak Variable energy

shaving - Highly | output

reliable, mature

technology
Large Wind - No variable - Need to meet None—need 1-1,000
Turbines costs for fuel - In | siting requirements - | winds of >12 mph

utility Generation is or sometimes

implementation,
ZEero emissions
may allow green
power price
premium - Mature
technology -
Multiple
manufacturers

intermittent with
wind, and energy
output can vary with
wind speed squared
or cubed over
operation range. Not
appropriate as
backup or off-grid
applications - Needs
utility source for
energy purchases
and sales - Can
require footprint up
to 100ft2/kW

higher
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3.3.4. Applications of Distributed Generation (DG)
The power system is prone to failures and disturbances due to weather related issues, accidents,

human errors etc. and due to the failure the power interruption occurs either on the part of the
system or the whole system and it creates high negative economic and social impact on the
customer as well as on the utility side. So DG is one of good solution for this.

Generally, there are 3 important applications of DG. The most common application of DG is for
backup generation. DG unit remains offline during normal operation and is started to supply
electricity to loads after an interruption occurs. Having the DG as a backup source ensures the
reliability of power supply which is critical especially for business and industry. The overall
reliability of the system can be improved. DG can be used to continuous supply to some of the
load feeders using switch operations. As shown in Figure 3.13, a fault occurs on feeder 2, but
continuous power can be supplied to load points B and C through DG in the form of an island.

Such an operation is termed as islanded mode.
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Figure 3.13: Island Operation
Another key DG application is that it can also be used in parallel to the main grid as a support for
the loads and also by injecting excess power back to the grid network when the DG capacity is
more than the required feeder demand. The DG can help the main grid during peak load hours
when the feeder capacity is not enough to meet the demands of the customers. The load shedding
can be avoided by having a DG support. The DG helps peak shaving as shown in Figure 3.14
that reduces the customer electric bills and also improves the reliability of the system. During the
periods of high energy demand and/or high energy prices, on-site generators are started up and

used to serve part of the on-site loads.
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Figure 3.14: DG in Parallel to the Main Grid

The DG can also be used as a stand-alone to supply power to the customers that are not
connected to the grid. For example, the DG can be used as standalone in remote areas where cost
of connecting to the main grid is too high.

In this thesis DG units are used as generation back up. The impact of DG on the distribution
system reliability depends on many factors, for example, the allocation and sizing of DG, the
switch operation, etc. but in this thesis the location for given size DG placements is studied in
order to simplify the complexity of the problem. The reliability indices are highly sensitive to
location. It could be improved by optimally allocating DG and the optimal allocation of DG is

discussed in chapter five.
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3.4. Types of DG technology used for study area
There are many different types of Distributed Generation technologies including both renewable

and non-renewable sources as discussed on the above topic. And the criteria for the selection of
DG technology resources for the give study area depends on many factors like availability of the
land, infrastructure like road for transportation of materials and maintenance crew or employee,
availability of resources, environmental condition, willingness of the people, etc.

On this part of the research | try to discuss on the type of DG technologies for the study area i.e.
Gonder. Even if the main target of the thesis not determining the available potential and
feasibility study the resource, rather proving or showing the impact of DG on power system
reliability enhancement by intelligent placement or finding the optimal location for given size
DG.

Solar energy or Photovoltaic (PV) is selected for the study area because of the following reasons.
Environmental conditions: Solar energy is environment friendly electric generation system, clean

and has low emission or reducing greenhouse gases and control acidification.

Resource availability: the only resource required is sun light and insolation or the
amount of sun light received by the surface throughout the day, shown in kilowatt hours
per meter squared per day (KWh/m?/day) is the critical value for the selection of the site
and technology for the given area. And it is obvious that solar energy generation is
feasible in almost all areas of Ethiopia because of it is near the equator. And also in
Gonder the annual average insolation incident on horizontal surface is 6.11 KWh/m?%day

( NASA surface metrology and solar energy data) (Appendix B1)

Cost: it has high installation cost but low maintenance and operation and almost zero

running cost. And operation and maintenance cost can be:

Administration maintenance: Establishing budgets and securing funds for preventative
maintenance, corresponding with customers, record-keeping, reporting on system

performance and O&M program efficacy.

Preventative maintenance: Scheduling maintenance checks to conform to manufacturer
recommendations as required by equipment warranties. Frequency of preventative
maintenance is determined by equipment type, environmental conditions and warranty

terms.

44



Corrective maintenance: Required to repair damage or replace failed components. Less
urgent corrective maintenance tasks can be combined with scheduled, preventative

maintenance tasks.

Condition-based maintenance: Using real-time information from data loggers to
schedule preventative measures like cleaning. Anticipating failures or catching them

early.

The replacement cost also considered under the operation and maintenance cost in this

case and appropriate maintenance can help extend the life or usage time of the DG.

Usage time: it is defined as the duration or life span that the technology or the product
gives required service with in the required level of efficiency.

The life characteristics of a product including time-to-failure (TTF) are traditionally
obtained using actual degradation field data. In the case of PV system, the end of life
mostly estimated using a simple linear extrapolation based on the annual field
degradation rate. And it considered as the time to degrade 20% from the rated power
which is in the range of 0.5% to 0.8% Pmax drop per year (Appendix B2). And in this
thesis life time of 40 year is considered for the PV type DG.
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3.5. Components of a solar PV system
A typical solar PV system consists of solar panel, charge controller, batteries, inverter and the

load. Figure below shows the block diagram of such a system.

Charge Battery
Solar panel
controller system Inverter

Bus bar

N\

Load

Figure: Block diagram of possible configuration of solar PV system
The block diagram shows a design configuration that can both supply and store energy.
When the demand is high then the system will deliver energy from inverter current will be
supplied to the bus bar then to the load. But when the demand is low or in off day the battery can
store energy by solar panel through charge controller. This stored energy can be used as backup
for gloomy day or at night.
Charge controller
When battery is included in a system, the necessity of charge controller comes forward. A charge
controller controls the uncertain voltage build up. In a bright sunny day the solar cells produce
more voltage that can lead to battery damage. A charge controller helps to maintain the balance
in charging the battery.
Batteries
To store charges batteries are used. There are many types of batteries available in the market. But
all of them are not suitable for solar PV technologies. Mostly used batteries are nickel/cadmium
batteries. There are some other types of high energy density batteries such as- sodium/Sulphur,
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zinc/bromine flow batteries. But for the medium term batteries nickel/metal hydride battery has
the best cycling performance. For the long term option iron/chromium redox and zinc/manganese
batteries are best. Absorbed Glass Mat (AGM) batteries are also one of the best available options for

solar PV use.

Inverter

Solar panel generates dc electricity but most of the household and industrial appliances need ac
current. Inverter converts the dc current of panel or battery to the ac current. We can divide the
inverter into two categories. [47] They are-

Stand alone and

Line-tied or utility-interactive

3.6. System sizing and area required
The size of each distributed generations used for this study is assumed to be 300kw and which is

worked as a backup generators. The size of the inverter is chosen with safety factor of 30% and
the required invertor size can be calculated as

Required invertor size = total wattage * (1+30%) =390kw. So the invertor size will be 400kw.
And the area required for the installation of distributed generation can be determined with the
rule of thumb: for 1kwp=approximately 10m2 PV area

Table 3.3: Area Requirement of PV Systems [Source: Solarpraxis/DGS Berlin BRB]

Cell material Required PV area (m2) for 1IKWp
Mono-crystalline 7-9

High performance cells 6-7

polycrystalline 7.5-10

Copper indium diselenide (CIS) 9-11

Cadmium telluride (CdTe) 12-17

Amorphous silicon 14-20

Therefore for the selected size of DG approximately 3000m2 area is required.
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CHAPTER FOUR: RELIABILITY MODELLING AND PARTICLE SWARM
OPTIMAIZATION TECHNIQUES

4.1. Reliability Modeling
Reliability modeling can be classified in to two categories, this are component modeling and

system modeling. In component modeling, all the components of the distribution system are
modeled based on their failure rate and repair time of each component from the historical data
recorded. System modeling is how to develop a predictive reliability model of a system. The

model is calibrated to represent current system reliability.

4.1.1. Component Modeling
The first step in reliability modeling is component reliability. The component reliability

parameters are:
Failure rates
Repair times
Switching times

The repair times and the switching times can be included under restoration times.

4.1.1.1. Failure rate and Repair Time

Component failures can be divided into aging failures and chance failures. Aging failure is a
conditional failure that depends on the component’s history. Chance failure is a random fatal
failure. Failure rate distributions are different from component type to component type. Some
expensive components, like transformers, come with a set of reliability data provided by the
manufacturer, including the component’s life cycle statistical distribution. This statistic usually
can be obtained under normal operating conditions from the manufacture. However, loading and
environmental conditions often contribute to equipment failures. Failure rates for operating under
abnormal conditions are difficult for manufactures to provide.

There are no good models for repair time (or down time), since the repair time for failed
equipment depends upon many things, such as location, crew dispatch policy, different failed
parts in a type of component and so on. One of the common practices is to use the exponential
model, which assumes reparations are statistically independent events and the repair time can be
represent by the global average. Historical data shows that the repair time is also affected by

weather conditions. Stormy conditions usually prolong the process of customer down time.
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For the modeling of restoration of distribution system components, historical data of individual
components is required. Since the NWR EEU main office Bahir dar as well as Gonder branch
does not include the repair and switching time in a component level and since the most basic
components of distribution system are transformers, sections and lateral lines appropriately
distribute.

For the selected Feeder the repair times and failure rates of transformers is computed based on
the MVA rating/KW loading of the transformers. The failure rate of the feeder section is a
function of the length and each section has a different length. The repair times and failure rates
of the lines is computed after finding the length of each line. Failure rates and repair time of the
distribution lines and the distribution transformer is shown in table 4.1 and 4.2 respectively.
Table 4.1: Line Reliability Data of Gonder Feeder

Section | Length | Failure Repair 17 0.391 1.4 3
No [Km] rate time 18 0.478 1.4 3

[f/yr.km] | [hr.] 19 0.226 1.4 3
1 0.161 1.4 3 20 0.425 14 3
2 0.223 14 3 21 1.336 14 3
3 1.694 1.4 3 22 1.498 1.4 3
4 0.637 1.4 3 23 1.136 14 3
5 0.113 14 3 24 0.189 14 3
6 0.116 1.4 3 25 0.369 1.4 3
7 0.105 1.4 3 26 0.424 14 3
8 1.036 14 3 27 0.33 14 3
9 0.944 1.4 3 28 0.206 1.4 3
10 0.39 1.4 3 29 0.626 14 3
11 0.506 14 3 30 0.444 14 3
12 0.35 1.4 3 31 1.11 1.4 3
13 1.117 1.4 3 32 1.242 14 3
14 0.08 14 3 33 0.94 14 3
15 1.006 1.4 3 34 0.305 1.4 3
16 0.328 1.4 3 35 0.285 14 3
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36 1.657 1.4 3 43 0.246 1.4 3
37 0.889 14 3 44 0.785 14 3
38 0.304 14 3 45 0.221 14 3
39 0.776 1.4 3 46 0.141 1.4 3
40 0.072 14 3 47 0.762 14 3
41 0.121 14 3 48 0.757 14 3
42 0.473 1.4 3 49 0.361 1.4 3
Table 4.2: Transformer Reliability Data of Gonder Feeder
Transformer No Failure rate Rapier time
[fiyr.] [hr.]
3,8,10,18,22,23,31 0.036 5
12,15,17,19,20,21,24,25,26,2,28,29,30,32,35,39,41,43 0.072 5
11,13,14,37,44,42 0.145 5
4,9,16,33,34,38,40 0.228 5
5,6,7,12,36 0.456 5

4.1.2. Definition of a General Feeder
Figure.4.1 shows a simple radial distribution system consisting of transformers, transmission

lines, breakers, fuses and disconnects switches. The disconnect switches and transmission Lines
such as sl and 12 are designated as a main section. The main sections deliver energy to the
different power supply points. An individual load point is normally connected to a power supply
point through a transformer, fuse and lateral transmission line. A combination such as fl, t2 and
15 is called a lateral section. The lateral transmission line may be on either the high or low
voltage side of the transformer.
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Figure: 4.1. A simple distribution system
A simple distribution system is usually represented by a general feeder which consists of n main
sections, n lateral sections and a series component as shown in Figure.4.2 In this feeder, Si, Li,
Mi and Lpi represent series component i, lateral section i, main section i and load point i
respectively. Li could be a transmission line, a line with a fuse or a line with a fuse and a
transformer. Mi can be a line, a line with one disconnect switch or a line with disconnect

switches on both

Lpl Lp(n-1)
L1 L(n-1)
S1 Alternate supply
W w
Feeder L2 Ln
Lp2_ | Lpn [

Figure: 4.2.general feeders
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4.1.3. Basic Formulas for a General Feeder
Based on the element data (A;, A, 74, Tk, 7s @nd ) and the configuration of the general feeder, a set

of general formulas for calculating the three basic load point indices of load point failure rate 1j,

average outage duration rj and average annual outage time wj, for load point j of a general feeder

is as follows:
n n
j=1 k=1
n n
W = Asjtj + Z AijTij + Z PicjMejTiej (4.2)
j=1 k=1

e (43)

== .
] /1],

Where py; is the control parameter of lateral section k that depends on the fuse operating mode it
can be 1 or 0 corresponding to no fuse or a 100% reliable fuse respectively and a value between
0 and 1 for a fuse which has a probability of unsuccessful operation of p, ;. The parameters4;;,
Ay; and A;, are the failure rates of the main section i, lateral section k and series element s
respectively and r;, 7; and r; are the outage durations (switching time or repair time) for the
three elements respectively. Ther;;, r; and r,; data have different values for different load
points when different alternate supply operating modes are used and disconnect switches are
installed in different locations on the feeder. This is illustrated in the following three cases.

Case 1: no alternate supply

In this case, 15, is the repair time of the series element s and r; is the switching time for those
load points that can be isolated the repair time for those load points by disconnection from the
failure main section i or that cannot be isolated from a failure of the main section i. In this case,
rc is the switching time for those load points that can be isolated by disconnection from a failure
on a lateral section k or the repair time for those load points that cannot be isolated from a failure

on a lateral section k.
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Case 2: 100% reliable alternate supply
In this case r; and r;, take the same values as in Case 1. The parameter r; is the switching time
for those load points that are isolated from the failure of a series element by disconnection or the

repair time for those load points not isolated from the failure of a series element S.

Case 3: alternate supply with pa availability

In this case r; is the repair time (r1) for those load points not isolated by disconnection from the
failure of main section i, the switching time (r;) for those load points supplied by the main
supply and isolated from the failure of the main section i or r, pa + (1- pa) r; for those load
points supplied by an alternate supply and isolated from the failure of the main section i. The
parameter r; is the repair time rl for those load points not isolated by disconnection from the
failure of lateral section k, the switching time r2 for those load points supplied by the main
supply and isolated from the failure of lateral section k or r2 pa + (I- pa) r1 for those load points
supplied by an alternate supply and isolated from the failure of a lateral section k. r; is the same

as in Case 2.

4.1.4. Network Reliability Equivalent
A practical distribution system is usually a relatively complex configuration that consists of a

main feeder and sub feeders as shown in Figure.4.3

The main feeder is connected to a substation. A sub feeder is a feeder connected such as Feeder 2
and Feeder 3 in Figure.4.3. The three basic equations presented earlier cannot be used directly to
evaluate the reliability indices of this system. The reliability network equivalent approach,
however, provides a practical technique to solve this problem. The basic concepts in this
approach can be illustrated using the distribution system shown in Figure.4.2 the original
configuration is given in Figure.4.3 (a) and successive equivalents are shown in Figure.4.3 (b)
and (c). The procedure involves the development of equivalent lateral sections and associated

series sections
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Figure 4.3: Reliability network equivalent
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4.1.4.1. Equivalent Lateral Sections
The failure of an element in Feeder 3 will affect load points not only in Feeder 3 but also in

Feeder 1 and Feeder 2. The effect of Feeder 3 on Feeder 1 and Feeder 2 is similar to the effect of
a lateral section on Feeder 2. Feeder 3 can be replaced using the equivalent lateral section (EI3)
show in Figure.4.3 (b). The equivalent must include the effect of the failures of all elements in
Feeder 3. The equivalent lateral section (EI2) of Feeder 2 can then be developed as shown in
Figure.4.3 (c). The contributions of the failures of different elements to parameters of an
equivalent lateral section will depend on the location of the disconnect switches. The reliability
parameters of an equivalent lateral section can be divided into two groups and obtained using the

following equations

n
Alel = Al 4.4
Z (4.4)
m
uel = z Airi (4.5)
i=1
rel = E (4.6)
Ael
n
Ae2 = z Al (4.7)
=1
n
ue2 = Z Airi (4.8)
i=1
ue?2
re2 = oo (4.9)

Where Ael and rel are the total failure rate and restoration time of the failed components that are
not isolated by disconnects in the sub feeder and m is the total number of these elements. The
effect of this equivalent lateral section on the load points LI the prior supply feeder (designated
as up feeder) depends on the configuration and operating mode of the up feeder elements. The
parameters Jle2 and re2 are the total equivalent failure rate and the switching time of those failed

elements that can be isolated by disconnects in the branch and n is the total number of these
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elements. They do not depend on the configuration and operating modes of the up feeders. The

equivalent parameters do not depend on alternate supplies in the sub feeders.

4.1.4.2. Equivalent Series Component
Using successive network equivalents, the system is reduced to a general distribution system in

the form shown in Figure.4.3 (c). Only Feeder 1 remains in the system. The basic formulas can
now be used to evaluate the load point indices of Feeder 1. On the other hand, the failure of
elements in Feeder 1 also affects the load points in Feeder 2 and Feeder 3. These effects are
equivalent to those of a series element S2 in Feeder 2. The parameters of the equivalent series
component S2 are obtained as the load point indices of Feeder 1 are calculated. Feeder 2
becomes a general distribution system after the equivalent series element is calculated. The load
point indices of Feeder 2 and the parameters of the equivalent series element S3 are then
calculated in the same way as with Feeder 1. Finally, the load point indices of Feeder 3 are
evaluated. The reliability parameters of an equivalent series component can be calculated using
the same method used for the load point indices. The only difference is that the equivalent
parameters should be divided into two groups. The effect of one group on the load points of a
sub feeder is independent of the alternate supplies in sub feeders; the effect of the other group
depends on the alternate supplies in the sub feeders.

The simplification in computation provided by the proposed method can be illustrated using
Figure.4.3 (a). In this distribution system, there are 7 load points and 19 elements. Using the
standard FMEA approach, 19x7 =133 calculations are required as all load points are checked for
each element failure. Using the reliability network equivalent approach, however, 7+7+7 =21
calculations are required to find the equivalent lateral sections and 7x3+ 7x3+ 7x3 =63
calculations to find the load point indices for a total of 84. This is 37% of the required FMEA
calculation. This is a simple network. If there are more elements in each sub feeder, the savings
can be quite substantial. In addition, all the network must be searched for each element failure to
find the affected load points in a standard FMEA. The search procedure for the affected load
points outside a feeder for element failures in the feeder is the same. This search procedure
requires considerable computer time. Using the reliability network equivalent, no repeat searches

are required, with an attendant saving in computer time.
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4.1.5. Procedure for Calculating Reliability Indices
The procedure described in the previous section for calculating the reliability indices in a

complex distribution system using the reliability network equivalent approach can be
summarized by two protocols.

A bottom-up process is used to search all the sub feeders and to determine the corresponding
equivalent lateral sections. As shown in Figure.4.3 the equivalent lateral section EI3 is first
found, followed by EI2. The system then is reduced to a general distribution system.

Following the bottom-up process, a top-down procedure is then used to evaluate the load point
indices of each feeder and equivalent series components for the corresponding Sub feeders until
all the load point indices of feeders and sub feeders are evaluated. The load point indices and the
equivalent parameters of the series components are calculated using Equations (4.1)-(4.3).
Referring to Figure.4.3, the load point indices in Feeder 1 and the equivalent series element S2
for Feeder 2 are first calculated, followed by the load point indices in Feeder 2 and S3. The load
point indices in Feeder 3 are finally calculated. After all the individual load point indices are
calculated, the final step is to obtain the feeder and system indices. The example presented in
Figure.4.3 (a) considers a single alternate supply. The procedure can be extended, however, to

consider more than one supply to a general feeder.

4.2. Optimization technique
Optimization technique is used to find the best solution for any given circumstances. For

example, in a company if it is required to improve its rating, technological and managerial plans
have to be taken many times. Here, the goal of the plans is to either maximize the profits or to
minimize the spending effort. Optimization is referred as both minimizing and maximizing the
tasks. Since the minimization of any function is same as maximizing its additive inverse , the
terminology minimization and optimization can be used interchangeably [61]. Because of this
reason, optimization became very important in many fields.

Basically, in order to solve the optimization problems, PSO algorithm is inspired by the animal’s
activity. In PSO, swarm means population; particle represents each member of the population.
Each particle searches through the entire space by randomly moving in different directions and
remembers the previous best solutions of that particle and also positions of its neighbor particles.

Particles of a swarm adjust their position and velocity dynamically by communicating best
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positions of all the particles with each other. In this way, finally all particles in the swarm try to
move towards better positions until the swarm reaches an optimal solution.

Thus, due to its easy implementation and its ability to obtain fast convergence, PSO technique is
becoming very popular. Moreover PSO uses only basic mathematics and it does not involve any

derivative or gradient information.

4.2.1. The Basic Model of PSO Algorithm
Kennedy and Eberhart proposed a solution to non-linear and complex optimization problem by

observing the behavior of flock of birds. They developed the concept of optimizing the function
using swarm of particles. Consider a function of n dimension which is defined by
f (X1,X2,X3...Xp) =F(X)

Where x; is the optimizing variable, which represents the set of variables for a given function
f(x). Here, the goal is to get an optimum value x* so that the function f(x*) can become either a
maximum value or a minimum value.

The Particle Swarm Optimization (PSO) technique is parallel search technique which utilizes
multi-agents (swarm of particles). Each agent in the swarm represents a solution. All agents go
through entire search space and update its position and velocity based on their own experience
and on experience of other agents. Suppose xit denote the agent or particle ‘i’ position vector

search space at time step t, then each agent position is updated in the search space by

xfH = xf 4+ vt (4.10)

Where, vit is the particle velocity vector which is used to update the own experience and other
particles experience and also drives the optimization process

Thus, in PSO technique, all agents are randomly initialized and fitness value is computed by
updating the personal best (best value of each agent) and global best (best value of all agents in
the entire swarm). The loop starts by assuming initial values of position of the particles as
personal best and then updates every particle position by using the updated velocity. When the
stopping criterion is met, loop will be ended [63].

Basically, PSO algorithms are classified into two types. They are Global Best (gbest) and Local
Best (Ibest) PSO algorithms which differ in the size of their neighborhood particles. These

algorithms are explained in 4.2.2 and 4.2.3 respectively.
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4.2.2. Global Best PSO
The global best PSO (or gbest PSO) is a technique in which position of each agent is influenced

by best agent in the whole swarm. In this method, information is obtained from all the agents in
the swarm and thus it makes use of a star network topology [57] [58]. Here, xi is the current
position of each agent in search space, vi is the current velocity and a Pbest,i is personal best
position of each agent in search space. If a minimization problem is considered, the personal best
position Pbest,i represents the position of particle “i” in search space with smallest fitness
function value. Gbest is the position of particle which yields the lowest value among all personal
best positions [59]. Personal best Pbest,i at next step, t+1 ,where te[0,.....N], for a minimization
problem is calculated as

pizh = P 10 )2 T
’ xi U f(X7) < Phest,i
Where f is the fitness function.
The global best position Gbest at time step for a minimization problem is calculated as

Gbest=min (pbest) where i€ [1,...n]Jand n>1

Thus we can note that personal best is best position of each agent among all time steps that each
agent traversed. Global best is best position of all agents in the entire swarm. [59].
For gbest PSO method, velocity of agent is obtained by

t+1 _ .t t t t t t
vt = vf; + ol j(Phesti — Xij) + €273 (Gpest — i)
Where,
vitj is the velocity of agent at time t;

t

x;; Is the position of agent at time t;

p{,est,i,is the personal best position of agent starting from initialization through time t;

Gpest, 1S the global best position of agent starting from initialization through time t;

¢, and c, are positive acceleration constants which are used to determine contribution level of
the cognitive and social components respectively;

rfj and rztj are random numbers generated at time t.
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Figure 4.4: global best PSO flow chart. -
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4.2.3. Local Best PSO
In local best PSO (or Ibest PSO) technique each agent will be influenced by the best agent

among its neighbor agents, and thus it resembles a ring social topology described in Section 4.3.
In this method the social information that is exchanged within neighborhood of agents denotes
local knowledge of environment [57] [59]. In this case, the velocity of agent is computed by

t+1

vt =vi+ C17”1tj(Ptt)est,i - xitj) + CZthj(Lbest - xitj) (4.12)

Where,xfj is the best position that agent has had in the neighborhood of particle i obtained from

initialization through time t.
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Therefore, from figure 4.4 and 4.5 respectively, we can notice that in gbest PSO technique every
agent gathers the information from the best agent in the entire swarm, whereas in the Ibest PSO
technique each agent gathers the information from only its immediate neighbors in the swarm
[59].

4.2.4. Comparison of ‘gbest’ to ‘Ibest’
Mainly, there are two differences between ‘gbest’ and ‘lbest” PSO techniques: One is that

convergence of gbest PSO will be faster than Ibest PSO because of the larger agent
interconnectivity. Second is, lbest PSO is less susceptible of being trapped in local minima due

to the larger diversity.

4.2.5. PSO Algorithm Parameters
For any given optimization problem, some of the parameters in PSO algorithm may affect its

efficiency. Some of these parameter’s values and their choices have major impact on the
performance of the PSO technique, and other parameters have small or no effect [58]. The basic
parameters of PSO are

1. Size of the swarm

2. Number of iterations

3. Components of velocity, and

4. Acceleration coefficient.

In addition to these parameters, PSO technique is also influenced by inertia weight, velocity
clamping, and velocity constriction.

4.2.5.1. Swarm size

Swarm size is defined as the number of agents n in swarm. A huge swarm generates more
particles and most of the search space is to be covered per iteration.

Number of iterations may be reduced in order to achieve best optimization value using large
number of agents. But the computational complexity per iteration will be increased by using
more amounts of agents and also it is more time consuming. From most of the studies, it is

identified that PSO use swarm size in the interval of n € [20, 60].
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4.2.5.2. Iteration numbers

Obtaining a best result depends on number of iterations which in turn depends on problem. If the
number of iterations is too low, then the search process may stop prematurely. If the number of
iterations is large, it may add computational complexity and thereby consumes more time.
4.2.5.3. Velocity Components

While updating agent’s velocity, the velocity components plays a vital role. There are three terms
in agent’s velocity. They are inertia component, cognitive component, and social component.

1. The term vitj is called inertia component. It gives the information of the movement in the
immediate past. This component is used to prevent sudden changes in the agents direction and
provides tendency to move towards the current direction.

2. The term c¢;7f;(phest; — xi;) is called cognitive component. It is used to measure the
performance of the agents with respect to their past performances. It acts like an individual
memory of the best position for an agent. The effect of this component is to make the agents to
positions which satisfied them the most in past.

3. The term ¢,75;(Gpese — x{;) for gbest PSO or c,75;(Lpes: — x{;) for Ibest PSO is called social

component. It is used to measures the performance of the agents with respect to a group of
agents. It makes each agent to move towards best position found by agent’s neighborhood.
4.2.5.4. Acceleration coefficients

The stochastic influence of the social and cognitive components of the agent’s velocity depends
upon acceleration coefficients c¢1 and c2, together with the randomly generated numbers r1
andr2, respectively. The confidence that an agent has in itself is represented by c1 and the
confidence that an agent has in its neighbors is represented by c2[59].The properties of cland c2:
1. When ¢; =c, =0, until search space’s boundary is met, all the agents will continue to move

with their current speed. Thus, the velocity equation is updated as

t+1 _ .t

2. When ¢; >0 and ¢, =0, all agents become independent. The velocity equation is updated as

t+1 _ ot t (At ot
vij T =v;+ Clrlj(pbest,i xij)

3. When ¢; =0 and ¢, >0, all agents in the swarm will get attracted towards a single point and the
velocity equation is updated as
vt = v + ;15 ;(Gpese — x{;) For Global best PSO
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vt = vf; + ca15(Lpese — x{;) For local best PSO
4. When, c; = ¢, all agents will get attracted towards average of P}jest‘i ,and Gpest -

5. When, c; >> ¢, each agent is greatly influenced by its personal best position, which results in
excessive wandering.

6. When c; >> ¢, then all agents in the swarm are greatly influenced by the global best position
which makes all agents to run prematurely to the optima [59] [60].

Initialization of c,and c, plays a role in obtaining the optimum values. Wrong assumption of
cland c2 results in cyclic behavior [59]. From many researches, the values of two acceleration

constants should be ¢; =c, =2.

4.3. Neighborhood Topologies
For each agent a neighborhood must be defined [19]. The extent of social interaction within

swarm is computed by the neighborhood. When the size of neighborhoods in the swarm is small,
it leads to less interaction [59]. Even though the convergence is slower, the quality of solutions
will be improved for small neighborhood.

The risk involving earlier convergence will be occurred in case of larger neighborhood [19]. In
order to solve this earlier convergence problem, search process should be started with small size
of neighborhoods and later over the time, the size can be increased. As the agents move towards
near to optimum region, this technique ensures faster convergence [59].

In the swarm, the social interaction among the agents is dealt in PSO technique. Each agent in
the swarm exchanges the information about their success with other agents through
communication. All agents tend to move towards the agent when that agent fined a better
position. Agents neighborhood determine the performance of the [59]. Different types of

neighborhood topologies are developed by many researchers [62]. Some of them are discussed

@, A

e 2 o/ e
Q‘x, g ®
a) Star or Ghest b) ring or Lbest ¢) wheel topology

Figure: 4.6: Neighborhood Topologies
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Figure 4.6 (a) explains the star topology. Here each agent is connected with every other agent.
This has an advantage of converging faster than other topologies and disadvantage of being
trapped in local minima. As all the agents in this topology know about each other, it is referred as
the gbest PSO.

Figure 4.6 (b) explains the ring topology. Here each agent is connected with its immediate
neighbors only. In this topology, if anyone agent finds a good result, then it passes the
information to its immediate neighbors, and they pass that information to their immediate
neighbors. This process continues till the last agent is reached. Hence, spreading of the best
result is very slow in this topology compared to star topology. It is referred as the Ibest PSO.
Figure 4.6 (c) explains the wheel topology. Here all agents are connected to only one agent (a
focal agent), and through this agent information is communicated. By comparing the best
performance of all agents in the swarm, focal agent adjusts its position towards best

performance. The focal agent informs the new position to all the agents.

4.4. Advantages and Disadvantages of PSO
PSO technique is a powerful technique for solving the non-linear optimization problems. It has

its own advantages and disadvantages. The advantages and disadvantages of PSO are discussed
below:

Advantages of the PSO algorithm:

1. PSO technique is a gradient-free technique.

2. It is applied both in scientific research and engineering problems as the implementation of this
algorithm is easy.

3. Compared to other optimization techniques, this algorithm has less impact of parameters to the
optimal solution as it has only less number of parameters.

4. Simple calculation.

5. Optimum value can be obtained easily within short time.

6. Compared to other optimization techniques, this algorithm has less dependence on set of initial
values.

7. Simple concept is involved here.

Disadvantages of the PSO algorithm:

1) Here the speed and direction may be degraded as this technique suffers from partial optimism.

2) Non-coordinate system exit problem may occur.
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4.5. Applications of PSO
Kennedy and Eberhart developed the first realistic application in the field of neural network

training using Particle Swarm Optimization in 1995. The following are some of applications of
PSO that are successfully used:

1. Telecommunications

2. System control

3. Data mining

4. Power systems design

5. Signal processing

6. Network training.

PSO algorithm was used mainly to solve unconstrained and single-objective optimization
problems. But, in the present days, they are used to solve many problems like constrained
problems, dynamically changing landscapes problems, multi-objective optimization problems.

4.6. Problem formulation for objective function
Consider a distribution system with N possible locations where Distributed generations can be

installed. The number of DG that can be installed in the distribution system may be 1 or 2 ..., or
N. Given a fixed number of DG, there are also many possible location sets. For x number of DG,

the number of possible location that DG can be placed LD is:

LD = —> (x=012,...N) (4.13)

- x!I(N-x)!

Where N= the number of possible location for DG placement

X= the number of DG installed.

When the given DG is placed at its optimal place the load points near the installed DG gets
continuous supply as much as the size of DG can handle and at this time all the load points
covered by the specified DG has the repair time equal to the switching time of the DG. And

outage time of the load point covered by the DG is also decreased in such manner.

Outage time with DG = (Outage Time | transfer) * P(of transfer) + (Outage Time | no transfer) *

P(of no transfer)

However, in this study the DG’s failure rate is 10% considered, hence the outage time for the

load point is:

67




Outage time = [DG available](outage time with DG)+[DG fails](outage time without DG)
= (0.9)*(outage time with DG) + (0.1)*(outage time without DG)

Therefore if any section fails the repair time for the part of the system that covered by DG will
be decreased from 3hr to the above outage time.
And in this thesis the optimal number and location of specified size DG so as to minimize total
cost of energy not supplied in Gonder 15 KV distribution feeder is searched. Where total cost of
energy not supplied is the sum of cost of operation and maintenance and cost of expected energy
not supplied

TCENS = (OPMC + CENS) Xy (4.15)

Where x, is the kth location of DG X.

Operation and maintenance cost is the cost of DG after installation that means without including
installation cost because in this thesis the main target is to show the impact of DG on the
reliability. And it includes preventive and corrective maintenance cost.

CENS is the cost of the expected energy not supplied and for the set of x;, it is calculated using

NLp

CENS = ZLa(i)U(i)C(i) X, (4.16)
i=1

Where L, (i) is the average load at load point i. And
Lo()) = Lp(i) * Lf (4.17)
Where L, (i)is peak load at load point i

Lf is load factor of the system And it can be calculated as is calculated as

total annual energy

load factor = anual peak * 8760

And the load factor for Gonder distribution for the year 2014/15 G.C. is 0.76.
U(i) = the annual outage time of load point i

C(i) = cost per kilowatt
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Therefore the optimal selection problem of the number and place where the DG is placed or

location is to minimize the total cost of operation, maintenance, and undelivered energy which

can be expressed mathematically as

NLp

minimize TCENS = | OPMC + Z L,(DU) CQ) | X, (4.18)

=1

4.7. Implementation of PSO Algorithm to determine the location of DG
Considering Objective Function: f = Min (Total cost of energy not supplied)

1.

IS

10.

11.

12.

Choose the parameters that are to be optimized by using PSO. Here the parameters are
total cost of energy not supplied (operation and maintenance cost of specified DG
installed and cost of energy not supplied) i.e. location of DG in order to minimize the
TCENS and improve reliability.

Read the reliability input data.

Initialize the acceleration coefficient as c1=2 and c2=2.

Choose the size of swarm.

Randomly generate the position and number of DG.

By placing given sizes of DG in the location randomly generated, compute and store the
fitness function of all particles in the swarm.

Assume the initial randomly generated location of DG as Pbest.

Iterate through all values of fitness function and the particle with minimum cost of
energy not supplied is considered as the gbest.

Initialize the loop and iteration count. For each particle calculate and update the velocity

and position.

t+1 _ ..t t t t t t
ij =Vt Clrlj(pbest,i - xij) + 275 (Gpest — Xi)

t+1
ij

Update particle best; each particle is evaluated again with respect to its updated position

v

x{=xf + vt
to see if particle best will change.

If it reaches maximum iteration count then terminate the loop and plot the results.
Otherwise increment the iteration count and go to step 9.

Gbest value gives the optimal result.
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CHAPTER FIVE: RELIABILITY ASSESMENT OF GONDER DISTRIBUTION
SYSTEM AND DISSCUSION

5.1. Overview of the study area
Gondar is found in the north-western part of the Ethiopia Amhara region in the Semien Gondar

zone in what was previously Begemder province, north of Lake Tana and southwest of the
Semien mountains. and the city is located approximately 750 Km away from Addis Ababa and
having a latitude and longitude of 12°36'N and 37°28'E with an elevation of 2200 meters above
sea level. Gondar was founded by emperor Fasilides around the year 1635 and now the city

administration of Gondar is comprised of 12 urban, 12 rural kebele and one satellite town.

5.2. Data Collection
Data for Gonder region distribution system has been collected from Gonder Distribution

Substation and NWR EEU main office Bahirdar and distilled into a spread sheet database using
the Microsoft excel package from which further statistical analyses were performed. The
collected data are a recorded data that includes peak load, type of faults, frequency and duration
of interruption of all medium voltage (15kV) outgoing feeders of the distribution system. The
collected data is a recorded data for two consecutive years 2014/15 and 2015/16 G.C.
(Interruption data for 2014/15 G.C and 2015/16 G.C attached on Appendix C1A and C1B
respectively)

For complete assessment the coincident demand and connected number of customers at each
Distribution Transformer (DT) is necessary. However in similar case with most utilities, neither
peak demand and coincident demand nor number of customers at each transformer is available.
This is not unusual as distribution transformer loads are not monitored even with the presence of
most distribution management programs. Maximum loads maybe available but, the distribution
transformer supplies in EEU system in general are not metered with electronic meters and hence
the operation data is not available.

The available data is the active & reactive power or Amps loading, Power factor and voltage
recorded by feeder meters at the substation and the capacity of DTs. The demand recorded at the
substation represents the aggregate of simultaneous demands of all Transformers plus the power
loss in the feeder segments. Having established the feeder loads and in the absence of the
transformer concurrent loads, the method used was to distribute the feeder loads on a prorate

basis.
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The Gonder region distribution system has 2 substations i.e. Azezo/Gonder-1 Substation and
Lideta/Gonder-11 Substation which has 10 outgoing feeders, out of which seven of them are 15
KV outgoing and the rest of three are 33KV.Peak load of 17.75MW and around 32,649
customers (i.e. industrial, commercial and residential). There are no feeders dedicated for

industrial, commercial and residential customers separately.

S | S

Figure 5.1: (A) Lideta/Gonder-I1 Substation (left) (B) Azezo/Gonder-I Substation

5.3. 15KV Feeder Arrangements
A) Gonder-1/Azezo Substations

The 15kV switchboard at Gonder—I with 630A vacuum breakers and 300-600/5/5A current
transformers limiting the outgoing feeders to 1*40MVA 230/66/33/15KV and some of the
circuits were already at their maximum. These CTs will most certainly require changing to meet
increased loading. There are seven outgoing circuits from the MV switchboard cabled to a gantry
behind the substation building.

B) Gonder-11/ Lideta Substation

The 15kV switchboard at Gonder —I1 is a modern switchboard with 630A vacuum breakers and
300-600/5/5A current transformers limiting the outgoing feeders to 1*6.3 MVA 66/15KV. There
are three outgoing circuits from the MV switchboard cabled to a gantry behind the substation

building.
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5.3.1. Existing Gonder 15 KV Distribution System
Gonder town is fed mainly from Azezo/Gonder-I and Lideta/Gonder-I1 substation with seven 15

kV feeders. The feeder data showing the name of feeder, length of feeder, number of
transformers, total capacity of transformers and max ampere loading are shown in Table above.
As shown in Table the maximum demand at Gonder-1 and Gonder-11 substations in 2014/15 G.C
is about 17.75 MW

Table 5.1: Gonder 15 KV existing system data

Substation Feeder Number of Total DT Total Maximum
name name DT capacity length  of loading
transformer  (KVA) feeder (MW)
(Km)

1 Azezo Azezo 69 17975 36.406 4.8
Azezo Gonder 59 12485 27.791 4.1
Azezo Dashen 1 1600 3.517 1.26
Azezo Tana 7 1660 4.016 1.500

2 Lideta Fassil 22 6110 12.471 25
Lideta Arada 12 2840 5.939 2.30
Lideta Tikildingay 34 2915 37.45 1.19

Total 204 45585 127.59 17.75

5.3.2. Summary of Customer and Energy Sales
The total number of customers in Gonder in 2014/15 G.G. is 32,649 with total energy sales of

118.1724GWh under various categories as shown in Table 5.2.

72



Type of customer Number of customer | percentage Energy sales | percentage
(GWh)

Domestic 27,180 83.25% 47.669 40.34%

commercial 4,791 14.67% 32.036 27.11%

Industrial 499 1.52% 34.115 29%

Straight light 87 0.26% 0.781 0.66%

own 73 0.22% 0.5284 0.447%

others 19 0.058% 3.044 2.58%

total 32,649 100% 118.1724 100%

Table 5.2: Number of Customer and Energy Sales.

From the above, it can be seen that there is a substantial domestic customer accounting for
40.34% of the sales in 2014/15 G.C. with a very large customer number i.e. about 83.25% of

total. In contrast, the industry sector, which accounts for 1.5% of the consumers, absorbs about

29% of the energy.

A sample average evaluation for frequency and duration of interruption for the year 2014/15 and

2015/16 G.G. has been considered in this study.

Table 5.3: summery of Azezo/Gonder-1 substation average frequency and duration for the year
2014/15 G.C and 2015/16 G.C.

Substation | Feeder name Frequency of Duration of interruption
name interruption (No) (hr))
2014/15 | 2015/16 | 2014/15 | 2015/16

Azezo 15KV Azezo outgoing feeder 245 341 | 198.44 325.95
AZEZ0 15KV Gondar outgoing feeder 178 292 | 119.69 210.46
AZez0 15KV Tana outgoing feeder 651 462 | 36101 626.19
Azez0 33KV Chilga outgoing feeder 1023 714 | 582.80 1386.24
Azezo 33KV Arbaya outgoing feeder 396 343 | 309.39 647 43
Azez0 33KV Sanja outgoing feeder 268 322 | 367.06 710.33
AZez0 15KVDashen outgoing feeder 9 25| 1.00 23.46
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B SAIFI feeder wise

H SAIDI feeder wise

Figure 5.2: Interruption (frequency) and duration of interruption of feeders in 2014/15 G.C

Figure above shows the average frequency and duration of interruptions for the months of July
2014 to June 2015 for the seven feeders’ of Azezo/Gonder-I distribution substation. And from
the 33kv and 15kv outgoing feeder Chilga outgoing feeder and Tana outgoing feeder is more
frequently interrupted feeder respectively. An average of 398.857 frequency of interruption and
282 hr. duration of interruption per year occurs in the Gonder-I distribution substation. But in

this research the main focus is on 15 KV outgoing feeders only.

1600
1400
1200
1000
800
600
400

B Frequency of

Interruption (No.)
® Duration of

Interruption (Hr.)

Figure 5.3: Interruption or frequency and duration of interruption of feeders in 2015/16 G.C
An average of 357 frequency of interruption and 561.43 hr. duration of interruption per year

occurs in a year 2015/16 G.C. in Gonder-1 distribution substation.
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Figure5.4: Interruption frequency and duration of feeders in 2014/15 based on the type of fault.

Figure above shows an average frequency of interruptions and average duration of interruption

due to permanent earth fault, transient earth fault, permanent short circuit fault, transient short

circuit fault, transmission line problem, system overload, generating unit problem, distribution

line overload, power transformer overload, and operation problem for the period of one year for

all seven outgoing feeders of Azezo/Gonder-I distribution substation.

Table 5.4: Summery of Lideta/Gonder-11 substation average frequency and duration for the year

2014/15 G.C and 2015/16 G.C.

Substation | Feeder name | Frequency of interruption (No.) | Duration of interruption (hr.)
name 2014/15 2015/16 2014/15 2015/16
Lideta Fassil 108 194 | 144.142787 171.78
Lideta Arada 102 288 78.942634 187.26
Lideta T/dingay 166 262 81.707222 377.76
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Figure 5.5: Interruption or frequency and duration of interruption of feeders in 2014/15 G.C

Figure above shows the average frequency and duration of interruptions for the months of July
2014 to June 2015 for the three feeders’ of Gonder-Il distribution substation. And an average of
125.33 frequency of interruption and 101.6 hr. duration of interruption per year occurs in the

Gonder-11 distribution substation.
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15KV Fasil outgoing feeder 15KV Arada outgoing 15KV Tikildengay outgoing
feeder feeder

Figure 5.6: Interruption or frequency and duration of interruption of feeders in 2015/16 G.C
An average of 248 frequency of interruption and 245.6 hr. duration of interruption per year
occurs in the year 2015/16 G.C. in Gonder-II distribution substation
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Figure 5.7: Interruption frequency and duration of feeders in 2015/16 G.C based on type of fault.
Figure above shows an average frequency of interruptions and average duration of interruption
due to permanent earth fault, transient earth fault, permanent short circuit fault, transient short
circuit fault, transmission line problem, system overload, generating unit problem, distribution
line overload, power transformer overload, and operation problem for the period of one year for

all the three outgoing feeders of Gonder-I1 distribution substation.

5.4. Reason for interruption
Figure 5.8 and 5.9 shows the reasons of interruption of the study area, which means for

Azezo/Gonder distribution station-1 and Gonder-11 distribution station for the year of 2014/15
G.C. The interruption reasons are distribution permanent earth fault (DPEF), distribution
permanent short circuit fault (DPSC), distribution transient earth fault (DTEF), distribution
transient short circuit fault (DTSC), operational (OP) and power transformer overload (PTO).
The root cause for the interruption of power in distribution system are different in different
distribution system and for Gonder 15KV outgoing feeder for the year 2014/15 and 2015/16 G.C.
39% due to maintenance, 27% unknown causes, 18% component failures , 4% windy rain , 6%

fallen tree and 4% wind.
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Figure 5.8: interruption reason of Lideta/Gonder-11 distribution station and their percentage
From figure5.8 and 5.9 it can be seen that more than 41% and 34% of the interruptions in
Gonder-11 and I respectively are due to Maintenance, this can be reduced by optimal placement
distributed generations (DG), switches and protective devices along with scheduled maintenance.
About 37 % of the reasons are transient faults (DTEF and DTSC) in both substations. The
percentage of distribution permanent faults (DPEF and DPSC) in Gonder-1l is 20% and in
Gonder-1 is about 27.6%.
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Figure 5.9: interruption reason of Azezo/Gonder-1 distribution station and their percentage
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5.5. Reliability Indices of the Study Area
Distribution system reliability assessment is one of the objectives of this thesis work and,

IEEE1366 indices are used to evaluate the reliability indices of Gonder distribution system. The
availability of power for customers from this substation is performed on the medium voltage side
of the customer transformers (15kV). The reliability is highly affected by outages occurred on
the customer side secondary distribution lines which unable to collect data for analysis due to
lack of resource, lack of organized data and advanced technology at the substation to view the
performance of the customer side secondary distribution network. The causes occurred on the
secondary sides of customer transformers that may affect the service reliability of the feeders:

i. HRC fuses on the transformer usually get blown due to several reasons like external and
internal short circuit.

ii. Distribution lines on the low voltage side may fail for different reasons such as lack of
clearance from trees, use of lines below the rated limit etc.

iii. Damage of transformers due to different reasons like lightning storm, absorption of moisture
in the oil, deterioration of insulation, prolonged overload, sabotage, etc. And due to this
constraint the assessment is performed on the 15KV side of the transformer.

The customer-oriented indices for Gonder substation are calculated as follows:

For Azezo/Gonder-I

From the data collected all customer oriented reliability indexes are calculated by the formulas
explained on chapter two.

SAIFI and SAIDI (System Average Interruption Frequency and Duration Index)

900
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500  SAIFI feeder wise
400 B SAIDI feeder wise
300
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100 -

Figure 5.10: Feeder wise SAIFI and SAIDI value of Azezo/Gonder-I in 2014/15 G.C.

79



From Figure above it can be seen that the SAIFI and SAIDI values of Chilga feeder is very high
compared with other feeders, this feeder supply customers located at Chilga town (outside out
Gonder about 63 Km).but this research focuses only on 15 KV feeders. And Tana 15 KV
outgoing feeder has highest SAIFI and SAIDI value of 651 interruption/yr. and 361.01hr/yr.

respectively.
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Figure 5.11: SAIFI value of Azezo/Gonder-I feeder wise in 2014/15.G.C.
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Figure 5.12: SAIFI value of Azezo/Gonder-1 feeder wise in 2015/16.G.C.
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Figure 5.13: SAIDI value of Azezo/Gonder-1 feeder wise in 2014/15 G.C.
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Figure 5.14: SAIDI value of Azezo/Gonder-I feeder wise in 2015/16 G.C.
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Figure 5.15: CAIDI and ASAI value for Azezo/Gonder-1 feeder wise in 2014/15 G.C.
From the figure above Azezo outgoing feeder has the highest customer average interruption

duration index value of 0.80996hr./interruption. And Tana outgoing feeder has the lowest service
availability index of 0.9588%.
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Figure 5.16: CAIDI and ASAI value for Azezo/Gonder-I feeder wise in 2015/16 G.C.
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From the figure above Tana outgoing feeder has the highest customer average interruption
duration index and the lowest service availability index value of 1.3559hr./interruption and
0.9285% respectively.

Figure 5.17 and 5.19 shows the historical values for SAIFI and SAIDI for the years 2014/15G.C.
at feeder level. And from the figure SAIDI and SAIFI value of Tikldigay feeder is higher than

other feeder.
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Figure 5.17: SAIFI value of Lideta/Gonder-11 feeder wise in 2014/15 G.C.
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Figure 5.18: SAIFI value of Gonder-I11 feeder wise in 2015/16 G.C.

83



120

100

80

60

40

20

SAIDI (hr/yr)

Fasil Arada Tikildengay
LIDETA/GONDER-II | LIDETA/GONDER-II | LIDETA/GONDER-II

m SAIDI (hr/yr)

Figure 5.19: SAIDI value of Gonder-I1 feeder wise in 2014/15 G

.C.
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Figure 5.20: SAIDI value of Gonder-I1 feeder wise in 2015/16 G

.C.
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CAIDI and ASAI (Customer Average Interruption Index and Average Service Availability)

H CAIDI(hr/int)
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Figure 5.21: CAIDI and ASAI of Lideta/Gonder-11 feeder wise in 2014/15 G.C.
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Figure 5.22: CAIDI and ASAI of Lideta/Gonder-11 feeder wise in 2015/16 G.C.

From the figure 5.22 T/dingay 15KV outgoing feeder has the highest customer average
interruption  duration index and the lowest service availability index value of
1.4418hr./interruption and 0.95687% respectively.
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5.6. Overall reliability index of Azezo/Gonder-I and Lideta/Gonder-II

Distribution station.
The reliability of a power system is affected highly by population of connected customers (urban

and rural areas) and the nature and type of customers this study concerns on reliability of urban
feeders. The selected feeders also feed the rural area around the town but, compared to the
customers live in the town they are few in number. Based on the recorded data the average
reliability indices of the existing system are calculated and summarized in table 5.6.The common
reliability indices of each selected feeder are calculated as showed in Appendix C-2

Table 5.5: reliability index of Gonder substations

Azezo/Gonder-I Lideta/Gonder-11
Reliability index 2014/15 G.C. | 2015/16 G.C. | 2014/15 G.C. | 2015/16 G.C.
SAIFI (int/yr) 248.48 328.19 98.09 233.20
SAIDI (hr/yr) 189.44 296.57 67.69 226.09
CAIDI (hr/int) 0.763 0.903 0.69 0.969
ASAI (%) 0.979 0.966 0.992 0.972
EENS (MWhr/yr) 2063.3 3273.7 441.02 1523.65

Table 5.6: the overall reliability index of Gonder distribution station

Reliability index Gonder substation
2014/15 G.C. 2015/16 G.C.

SAIFI (int/yr) 346.574 561.398

SAIDI (hr/yr) 257.125 522.663

CAIDI (hr/int) 0.742 0.931

ASAI (%) 0.985 0.969

EENS (MWhrlyr) | 2504.3 4797.35

The average service availability index (ASAI) and the customer average interruption duration
index (CAIDI) of the system is 0.9777% and 0.8365 hr/int. in the year 2014/15 and 2015/16
respectively for case study area. This just gives the overall picture of the whole system in the

area and not the localized problem (feeder wise).
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5.7. Cost of energy not supplied
One of the common approach used in quantifying the worth or benefit of electric service

reliability is to estimate the costs associated with power interruptions both on the customer and
utility perspective. But due to the absence of many of the data sets required in a detailed
evaluation of the customer outage costs makes it difficult to estimate precise individual customer
outage costs due to a specific failure event. This part of the Thesis work estimates only cost lost
by the utility in Gonder distribution substation due to interruptions in the year 2014/15 G.C.

The cost of energy not supplied due to interruption for Gonder-1 and 11 Substation is calculated
by multiplying the Energy not supplied by the average electricity tariff.

By taking an average price of 0.65 Birr/lkWh for electricity in EEU (Appendix A), the average
cost of energy not supplied due to power interruption for year 2014/15 G.C. at Azezo/Gonder-I
and Lideta/ Gonder-I1 substation outgoing feeders are calculated and tabulated in table 5.7.

Table 5.7 Cost of energy not supplied of Gonder distribution system for year 2014/15 G.C

Substation name | Feeder Maximum Interruption Energy not | Cost of energy
name Loading duration [Hr.] | supplied not supplied
[MW] [MWhr.] (Birr)
Azezo/Gonder-1 | Azezo 4.8 198.44 952.512 619132.8
Gonder |4.1 153.65 629.965 409487.25
Tana 1.5 361.01 541.515 351984.75
Dashen 1.26 1 1.26 819
Lideta/Gonder-11 | Fassil 2.5 85.6228 214.057 139137.05
Arada 2.3 62.718 144.2514 93763.41
T/dingay | 1.19 181.2 215.628 140158.2
Sum 17.75 1009.6708 2585.2894 1754554.46

As shown from the table 5.7, the average cost of energy not supplied due to power interruption
for year 2014/15 G.C. at Gonder-1 and Gonder-Il substation 15 KV outgoing feeders are
1,754,554.46 Birr.
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5.8. Comparison of Reliability Indices with Benchmarks
Reliability benchmarks are the standards against which analyzed or measured reliability is

judged. The purposes of reliability benchmarks are to define minimum average reliability
performance, by feeder type, for a distribution network and provide a basis against which a
distribution network service provider’s reliability performance can be assessed.

The benchmarks were calculated using the IEEE Guide for electric power distribution reliability
indices — IEEE Standard 1366-2003.

The primary output standards measures are System Average Interruption Duration Index
(SAIDI), System Average Interruption Frequency Index (SAIFI) and Customer Average
Interruption Index (CAIDI). From the result, the value of SAIFI, SAIDI and CAIDI for Gonder
City are extremely higher than the value recorded in different literatures for different countries.
As comparison with European countries shown in Table 5.8 the results found are considerably

very high.

Table 5.8: Benchmark for Reliability Index Comparison

country SAIFI(int/yr) SAIDI(min/yr) ASAI (%)
Germany 0.5 23 99.9999
Italy 2.2 58 99.9991
Holland 0.3 33 99.97

UK 0.8 90 99.964
Spain 2.2 104 99.968
France 1 62 99.97
Australia 0.9 72 99.97
Gonder 453.98 389.894hr 97.77

A lower number for SAIDI, SAIFI and CAIDI index indicates better reliability performance; i.e.,
a lower frequency of outages or shorter outage duration. A higher SAIDI, SAIFI and CAIDI
index number indicates worse performance. Comparing the average SAIDI, SAIFI, CAIDI and

ASAI value of Gonder distribution system with the benchmarks shows that has worse

performance.
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5.9. Predictive Reliability Assessment
By using network reliability technique described in chapter 4 a general program for calculating

the load point and system reliability indices of a complex radial distribution system has been
developed. The program can be used to calculate the indices for different main section
configurations with Distributed generations and different fuse operating models on the lateral
sections. The program is written in MATLAB software.
Following assumptions are made for reliability analysis:
1. Radial operation of the network
2. Multiple faults are not represented
3. All failures are statistically independent
4. Disconnect installed at each section is 100% reliable. An appropriate disconnect
operates in case of a fault in a section and isolates the faulty section with the next
adjacent load point from the healthy sections
5. Separate fuse-gear is installed at each lateral. An appropriate fuse-gear blows in case of a
fault on a lateral distributor. Fuse gears are 100% reliable
6. DG generating only active power is considered. effect of DG on voltage, frequency,
harmonic, power factor, reactive power, flickering, losses are not considered
7. Repairing time for section and the lateral are 3 hr. and 5hr respectively.
8. DG’s failure rate is assumed to be 10%.
9. The total isolation and switching time is 2 minutes for DG.
10. DGs to be installed on our circuit are used as backup generators.
11. All failures are repaired before next fault occurs
In this thesis for the predictive reliability analysis a single sample feeder out of the Gonder
distribution system what we call Gonder feeder is modeled. And this practical distribution feeder
is used to test the optimal position of DG .And also as shown in the figure it consists of 92
transmission line section, 43 load points. The reliability model is shown in Figure 5. 23.
For the optimization problem i.e. for the optimal number and position where the DG is placed,
the proposed method (PSO) is implemented using MATLAB 8.1.0.604 (R2013a) and run on
Toshiba satellite 8085 Intel(R) Core(TM) i3, 2.00 GHz computer to solve the problem.
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Figure 5.23: Reliability model of Gonder 15KV feeder.
The PSO based algorithm was run with different optimal control settings. The parameters used
are the following.

Inertia weight =1

Cl=C2=2

Dimension of the position = 49
Population size =200

As discussed in the previous chapter there is no separate feeder for residential, commercial or
industrial customer in this thesis 10% of industrial, 70% residential and the remaining 20%
commercial customer mix assumption is taken.

The distributed generations used for this study is as explained in chapter three photo voltaic (PV)
type DG and the size of the Distributed generation supposed to be placed is assumed 0.3MW
each. And for optimization problem the failure rate and repair time data of Gonder distribution
feeder in chapter four tables 4.1 and 4.2 used.
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Particle swarm optimization technique is formulated to get the optimal number and position of
300 KW Distributed Generation so as to get minimum total cost of energy not supplied. And
since the main target of this research is to show the improvement impact of DG on the reliability
of the distribution system only the operation and maintenance cost of DG and also 2% of interest
rate is considered. Operation and maintenance cost including corrective and preventive
maintenance cost of DG is 422000birr. And the life time of the DG 40 year considered [source:
NREL].
The location where the DG is placed and the number of specified size DG is determined by
particle swarm optimization technique for the test system and the results are explained in detail
below and also the comparison is done between different DG conditions.

When there is no DG or base case

When given size placed optimally

When one DG is placed at the end of line.

When the number of DG is increased above the optimal number.
The optimal number of the Distributed Generations for Gonder 15KV distribution system is two

and the optimal location is at section 21 and 35.

Table 5.9: improvement in reliability index at different condition

index Base case | Only One DG
(no DG) @-35

SAIDI(hr.) 153.65 136.7

ASAI (%) 0.9820 0.9846

EENS(KWhr) | 629.97 552.6

OPMC(Birr) | - 23184

TCENS(Birr) | 409480.5 382114

AS shown in the table 5.9 increasing the number of DG increases the operation and maintenance
cost of the system because it depends on the rating or the size of the DG placed. But the total
cost of energy not supplied cost decreases as the number of DG increases up to two DG that is
optimal number and further increase in number of DG in the Gonder distribution feeder again
increases the total cost of energy not supplied even the reliability indexes are improve.
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Figure 5.25: variation of TCENS under different DG number

92




CHAPTER SIX: CONCLUSION AND RECOMMENDATION

6.1. Conclusion
The aim of this thesis is to identify causes of interruptions, perform historical reliability

assessment of the existing Gonder Distribution system and make suggest possible solutions to
the Gonder distribution system. For the predictive reliability assessment of the selected feeder
reliability network equivalent technique is used. The reliability network equivalent method
provides a simplified approach to the reliability evaluation of complex distribution systems.

In this paper DG units are used as generation back up that means the DG remain offline in the
normal operation of the grid and starts up after the interruption happened, which means that they
are not able to reduce the number of failures. Therefore, SAIFI will be the same before and after
the installation of DG. In contrast, due to dependency on duration of outages, SAIDI, ASAI and
EENS will be improved.

Historical reliability analysis of Gonder radial distribution system is carried out using The
collected data from North West region Ethiopian Electric Utility head office Bahir dar and
Gonder distribution station for the years 2014/15 and 2015/16 G.G. The historical analysis
reliability indices, which include SAIDI, SAIFI, EENS, and ASAI, are used to measure the
performance of the distribution system. The system reliability indices (SAIFI=346.574 int./yr,
SAIDI=257.125 hr/yr and ASAI=0.985 %) of the study area show that Gonder city distribution
system is unreliable as compared to standard practices by other countries. Also which verified
EEP distribution grid is noncompliance with standards.

This thesis presents a problem formulation and solution for the placement of specific size of PV
type DGs which is 0.3MW optimally by Particle Swarm Optimization technique and to evaluate
the proposed algorithm one of the feeders in Gonder distribution system which is Gonder 15 KV
outgoing feeder is used as a test system. The results are finally compared with the no DG
condition, with DG which is not optimally placed and it show that reliability indices especially
Energy Not Supply index (ENS) and System Average Interruption Duration Index (SAIDI) has
improved considerably with optimal placement of distributed generation.

Generally by finding the optimal number and position of Distributed generation in the test
system the reliability indexes are improved. Especially EENS is improved by 32.51%, TCENS is
improved by 21.03% and SAIDI is improved by 32.57%.
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6.2. Recommendation

The Ethiopian Electric Power Corporation has little experience in documentation of
performance data for the distribution feeders especially for secondary distribution
network. It is therefore, strongly recommended that the corporation should improve data
documentation, so that the reliability problems can be identified easily and solutions can

be suggested as well.

Further research could be done on calculating optimal capacity and the location of the
distributed generator to improve the voltage profile and power loss minimization and

reliability improvement.

In the future work instead of a single feeder and single type of DG the optimization
problem is tested on the whole distribution system and virtual power plant which is a

cluster of DG technologies.

And also for further it is better study the integration and implementation of the distributed

generations to the existing system.
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APPENDIX

Appendix A -Ethiopian Electric Utility (EEU) tariff for electricity

NO Tariff category Monthly Birr/KWh
consumption[KWh]
1 . Residentil
0-50 0.2730
51-100 0.3564
101-200 0.4993
201-300 0.55
301-400 0.5667
401-500 0.588
Above 500 0.694
2
0-50 0.6088
Above 500 0.545
3
peak 0.7426
Off peak 0.5453
4 | Highvoltage industrial @132KV |
peak 0.4736
Of peak 0.3665
5 Street light 0.485

Appendix B1- NASA surface metrology and solar energy

Monthly average insolation incident on horizontal surface [Kwh/m2/day] @ Lat-12.6 & Lon

37.47

Month 22 year average
January 6.23
February 6.61
March 6.74
April 6.86
May 6.43
Jun 5.91
July 5.27
August 5.28
September 5.82
October 5.99
November 6.24
December 6.02
Annual average |6.11

100




Monthly average direct normal radiation [Kwh/m%day] @ Lat-12.6 & Lon 37.47

Month 22 year average
January 8.83
February 8.35
March 7.44
April 7.08
May 6.31
Jun 5.51
July 4.35
August 4.24
September 5.43
October 6.60
November 8.49
December 8.77
Annual average | 6.77

Appendix B2-Useful time of DG [Source from NREL]

System Useful Life Years

PV 25t0 40 yr
Wind 20 yr
Biomass Combined Heat and Power 20to 30 yr
Biomass Heat 20to 30 yr
SWH 10to 25 yr
SVP 30 to 35 yr
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Appendix C1A- Interruption data of Gonder distribution station for the year 2014/15G.G.

Substation Feeder Name
Name
DPEF DPEF DPEF DPEF DPEF DPEF DPEF
Substation | Feeder Name F D [Hr.] F D [Hr.] F D[Hr] | F D[Hr] | F | D F | D F D
Name [Hr.] [Hr.] [Hr.]
Azezo/ 15KV Azezo 15 12.89 15 32.14 14 0.02 48 7.33 2 1233 | 1 4.58 150 | 129.
Gonder | outgoing feeder 15
Azezo/ 15KV Gondar 6 8.06 11 | 6.45 20 | 0.99 17 | 12625 |5 | 1554 | 4 | 21.84 | 136 | 88.1
Gonder | outgoing feeder 5
Azezo/ 15KV Tana 25 28.94 111 | 137.48 65 0.77 133 | 13.19 2 10.73 | 4 16.7 311 | 153.
Gonder | outgoing feede 2
Azezo/ 33KV Chilga 265 321.0729 | 111 | 93.14389 | 355 | 39.47 119 | 25.78 4 1033 | 1 2.53 168 | 90.4
Gonder | outgoing feeder 7
Azezo/ 33KV Arbaya 104 | 1157172 | 27 | 27.52 140 | 14.89 | 23 | 4.89 2 | 209 |2 |684 |98 | 118
Gonder | outgoing feeder 57
Azezo/ 33KV Sanja 60 132.44 15 53.44 80 6.048 27 1.34 1 2.47 1 7.23 84 164.
Gonder | outgoing feeder 09
Azezo/ 15KVDashen 0 0 1 0.27 0 0 4 0.06 0 0 0 0 4 0.67
Gonder | outgoing feeder
Sum 475 | 619.1201 | 291 | 350.4439 | 674 | 62.188 | 371 | 65.215 | 16 | 72.36 | 13 | 59.72 | 951 | 744.
3
Substation | Feeder
Name Name
DPEF DPEF DPEF DPEF DPEF DPEF DPEF
Substation | Feeder F D F D[Hr] |F D [Hr.] F D [Hr.] F | D[Hr] F|D F D [Hr.]
Name Name [Hr] [Hr.]
Gonder Il | 15KV Fasil 9 17.09 | 14 | 14.33 9 0.022778 | 17 | 0.14625 | 17 | 7.449444 | 1 | 17.4 | 37 | 24.03375
outgoing
feeder
Gonder |1 15KV Arada | 4 6.22 5 2.35 20 0.39 20 | 0.304167 | 18 | 22.59069 | 2 | 12.36 | 28 33.45361
outgoing
feeder
Gonder Il 15KV 14 2232 | 20 64.303 1 0.01 69 | 5.568667 | 19 | 11.36806 | 3 | 15.47 | 40 25.10306
Tikildengay
outgoing
feeder
Sum 27 45.63 | 39 80.983 30 0.422778 | 10 | 6.019083 | 54 | 41.40819 | 6 | 45.23 | 105 | 82.59042
6
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Appendix C1B-Interruption data of Gonder distribution station for the year 2015/16 G.G

No | Substation | Feeder Name
Name
DPEF DPEF DPEF DPEF DPEF DPEF DPEF
Substation Feeder Name F D [Hr.] F D [Hr.] F D[Hr] | F D[Hr] | F D F D F D
Name [Hr.] [Hr.] [Hr.]
1 Azezol 15KV Azezo 33 36.79 48 | 31.65 27 | 1408 |72 | 1508 |21 |3477 |0 |O 140 | 173.
Gonder | outgoing feeder 58
2 Azezo/ 15KV Gondar 26 18.98 38 42.68 28 9.17 35 9.28 19 | 259 0 0 152 | 115.
Gonder | outgoing feeder 45
3 Azezol 15KV Tana 71 170.14 80 | 126.41 72 | 26917 | 70 | 2687 |26 | 3628 |0 |O 147 | 213.
Gonder | outgoing feede 3 57
4 Azezo/ 33KV Chilga 156 | 716.4167 | 55 | 158.74 193 | 62.007 | 55 | 8285 |38 | 7771 |1 | 131 | 126 | 278.
Gonder | outgoing feeder 52
5 Azezo/ 33KV Arbaya 73 178.3533 | 23 76.55 48 334 28 27.27 2313913 | 0 0 150 | 292.
Gonder | outgoing feeder 73
6 Azezo/ 33KV Sanja 63 181.03 36 73.763 74 56.75 36 30.31 22 |1 4027 | O 0 112 | 328.
Gonder | outgoing feeder 7 2
7 Azezo/ 15KV Dashen 3 2 7 9.2033 3 1 6 2.09 9 4 0 0 4 5.17
Gonder | outgoing feeder
Sum 393 1303.71 255 | 543.49 413 | 204.32 | 270 | 193.75 | 15 | 2580 | 1 13.1 825 | 1409
8 |7 2
N | Substation | Feeder
Name Name
0.
DPEF DPEF DPEF DPEF DPEF DPEF DPEF
Substation | Feeder F D F D[Hr] | F D [Hr] F D [Hr.] F | D[Hr] F|D F D [Hr.]
Name Name [Hr] [Hr.]
1 Gonder 11 15KV Fasil 43 26.84 | 16 31 19 3.09 22 | 314 22 | 18.81 01]0 56 112.68
outgoing
feeder
2 Gonder 11 15KV Arada | 20 5.4 12 20.3 20 321 42 | 20.31 19 | 8.76 010 52 125.28
outgoing 5
feeder
3 Gonder |1 15KV 25 2543 | 63 203.65 | 22 212 39 | 248 18 | 9.8 1 ]725 85 129.12
Tikildengay
outgoing
feeder
Sum 88 73.67 | 20 309.05 | 61 18.42 10 | 35.93 59 | 57.37 1 ]725 193 | 392.08
4 3
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Appendix C2- reliability index selected feeder

S.No

Feeder name

No of cust.

SAIFI

SAIDI

CAIDI

ASAI

EENS

1 Azezo Feeder | 13406 245 198.44 0.8099 0.9777 813.604

2 Gonder 8026 200 153.65 0.7682 0.9824 630.01
Feeder

3 Dashen 1 9 1 0.1111 0.9998 1.26
Feeder

4 Tana Feeder | 2238 651 361.01 0.5545 0.9587 541.57

1 Arada Feeder | 2418 102 42.72 0.4188 0.9951 98.2509

2 Fassil Feeder | 4557 108 55.62 0.515 0.9936 155.744

3 T/dingay 2174 166 117.305 | 0.7066 0.9866 190.03
Feeder
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