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ABSTRACT

Unreliable electric power distribution reduces power consumption, affects daily activity and
dr ags t he modern i festyl e. |t i mpaet s S0
Basically, a power distribution reliability has been a major challenge in Awasb Zity.

The existing substation has encountered frequepower interruptions problemsThe
interruptions are caused mainly bByeshort circuit (SC) and earth fault (EF). There are also
planned outages for operation and maintenance purpbsee subst ati ondés Sy
Interruption Frequency Index (SAIFI) and System Average Interruption Duration Index
(SAIDI) are414.0 interruptons per customer per yeand 319.67 hours per customer per
year, respectively. The substation is not reliable by the standard of Ethiopian Electric Agency
(EEA) which set SAIR$ equal ta20interruptions per customer per yeand SAIDIwhich is
around25 hours per customer per yearhis reliability gap calls for searchingff effective
methods for improving the reliability of the distribution systd&imus, the objective of the
study is to assess the reliability of the existing distribuigstem and ggest solution$or
reliability improvement in heuristic techniques. To limit the scope of the stully, Avash7

kilo city feeder of the substation has chosen for reliability improvement measutedso
predict the reliability analysis for the futur&€hehistorical outageinterruption data of years
2015/16-2017/18 G.C has been used as a base yé&dre study has evaluateduf different
mitigation scenarioshave been assessed usitie heuristic methodo improve the system
reliability. From the mitigationscenarioswith thelowestSAIDI, SAIFI andExpected Energy

Not SuppliedEENS at a reasonable cost has been selectad.simulation results have been
done with the help of Electrical Transient Analysis Program (ET2A6) softwareThe result

of this thesis work reveals that the reliability of the system has been improved significantly by
implementing reliability improvement solut®rthat are justified economicallyThe
researcher identifiescenariofour as the optimunone as comparing the power reliability
improvement and the cosience the overall reliability of Awash7 kilo city feeder has been
improved significantly b6%, 85.4% and 92.94% for SAIFI, SAIDI, and EENS respectively
as compared with the existing syatd he economic analysis shows ttieselectedsolution

results in a cost saving 666,615.9686 ETB per year from the unsaidrgy of one feeder

only with threeyears payback period investment. Satisfaction of the society has been
considered as a pritessbenefit as well

Keywords Distribution System, Power Reliability, Reliability Indices, ETAP Software.
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CHAPTER ONE
INTRODUCTION

1.1Background

The dectric power system is basically set up to supply electricity with little or no interruptions
to its customers. The number of interruptions that oechite the system performs its
intendedfunction is part of what determines the overall reliability of the system. The other
factor thatdetermines its reliability is the quality of electricity delivered. Furthermore, the
capability of a power system to doruously deliver quality electricity means that the
customers are satisfied and the electricity providers are having favorable returns on their
investment as they continue their business of supplying electricity. As electricity consumption
has become amiportant factor that affects the drive neededlietechnology to grow and

to facilitate the development of modern sociétis very important therefore to take seriously

the issue of reliability of an electric power system.

Generation, transmissioma distribution are the three subsystems of an electric power
system. At the generating station, electricity is generated and transmitted through the high
voltage transmission lines to the distribution substations. The distribution substation system
consicered covers the electrical system between the substation fed by ttrarsrbission
system and the supply | i5kvto 4V transfermatianflp u me r s
The distribution substations are usually sited relatively near the custoareesfdctive
delivery, monitoring and maintenance of the substation and the customer end are usually
referred to as secondary distribution substation system. Distribution systems basically serve
as the link from the distribution substation to the custorRefiable and safe transfer of
electricity to the customers covered by the distribution area is ensured by this system and is
the main subject studied in this thesis

Nowadays Ethiopian Electric Utility (EEU) Power system has 400 230 kV, 132 kV
primary transmission systems andigf 45 kV as subtransmission system and BY and

15kV as a distribution system. At all the 66 orldbsubstation power transformers of various
ratings like 25 /12 /6.3/3 MVA are installed fsiep down the voltag® 15 K/ for feeding

the power to distribution transformers. The outgoing feeders are connected with radial

fashion.




In terms of reliability evaluation and modeling, generating stations have justifiably received
more attention than the other systems bezahsy are individually capital intensive. In
addition, in the event of generation inadequacy and generation loss, there is usually
widespread catastrophic effects on the society and environment. It impacts directly on the
whole system and even distributisystem will not be able to perform its duty because there
will be no electricity to supply to customers. However, based on published research work and
studies, distribution systems have begun to receive moderate attention compared to past
decades. In mogases, when there is a disturbance in form of failure which results in outages
in the distribution system it affects only the localized territory. Only in a few cases does the
fault move up into the system largely as a result of protection failure. gisalithe customer
failure statistics of most electricity companies shows that the distribution system makes the
greatest individual contribution to the unavailability of supply to a customer [1]. This makes
the distribution system to be highly importafie distribution systems account for up to 90%

of all customereliability problems, improving distribution reliability is the key to improving

customer reliability [2].

Meanwhile, as the main aim of a power system is to meet the electricity needsusttmeers

and this can only be achieved when the components making up the system are performing
their intended function properly for as pas the system is in operatidhis important that

the demand for electricity and its supply be properly viewetiiacluded in setting up the
system. Therefore, due to its high impact on the cost of electricity and its corresponding effect
on customer satisfaction, distribution reliability is very important. However, as in any other
viable engineering system, thene a&hallenges that face power distribution system which
tends to make the system unreliable. One of these is the issue of serving its main purpose
which is to supply quality electricity with little or no interruptions. This problem is inevitable

in power ystems across the world but the way they are managed is what makes it different
from country to country. For instande the United States, there is nearly an uninterrupted
delivery of quality electricity to its numerous customers which makes it rankgatnermost
dependable in the world. It is tineanagement of the power systems that reliability evaluation
becomes significant. Reliability evaluation does not in any way make a system more reliable

but it helps in system planning and identification of weakponents.

Thus, he purposeof this thesisis to address the problems that customers face due to the

present statefgoower distribution problemsin Awash7 kilo cityand come up withproper

mitigation techniques fqoower rdiability improvement ofthe existingsystem

JEMAL MOHAMMED 2018 G.C



1.2 Statement of the Problems

The distribution system is the core partlod power system networkvhich delives power

to the end user. It connects the customer to the power genefaiable power delivery

plays a key rolén profitability and customer satisfactidathiopia Electric utility has tried to
improve the delivery mechanism and quality of supply. But the power distribution system in
Awash7 kilo city has remained inadequate to meet customer demand both in required
reliability and reduce safety risks of the customers. The power failure impacted to varying
degrees, a wide range of critical infrastructure like the industry, the business enterprises and
for the residential users. Low system reliability has led to incdeasages resulting in more
losses to business sectors. Reliability and consistency of electricityesgmel critical to

mainly industrial and service activitieghe wnreliable power supply does not only slow down

or damages production or results iusimg down ofthe plant but also leads to equipment
damage, addi tional mai nt enance arhdproddtte i ndu
The pwer outage has resulted in customer stoppage of production and unavailability of
lighting in the major eeas of Awash7 kilo city. Achieving reliability of power supply in
Awash7 kilo city has a major challenge for the last many years and it will continue to be a
challengein the futureif an amicable solution is not found to the problem. How a reliable
distribution system can be reconfigured for optimal power reliability improvement of the
study area is the main questitmm this study tries to address. Therefore, théossr and the

tie switch coordinationtogether withsubstation circuit breakdo achievethe distribution
systemreliability improvementis studied for its implementation to alleviate this public

problem.

1.3 Significance of the Study

The benefit of this studig mainly the residential customers by solving the problem of power
interruptionin the city of Awash7 kilo. The other benefit of the stiglgignificanteconomic
impactit mightbring tothe commercial sectors. In addition to this in the utility side, the study
has a major role to reduce the intgrtion cost during power outage

1.4 Objectives of the Study

The objective of this thesis work can be categorized in to two these are general objective and

specific objective.
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1.4.1 General objective

The main objective of this thesis worksaidy the reliability power distribution systeand

improvement options.
1.4.2 Specific objective

The specific objectives of thgudyare as follovs:

V Asses®washkilo city powerdistributionsystemin terms of its reliabilityproblems

V Identify the major causes of power interruptions in the existing system based on
historical outagelata

V Evaluate system reliability indices based on selectedba&sa intérraption data of
the city feeder usingnavailable reliability analysis tool (ETAP12.6.0)

V Proposeand evaluatg@roper power outage mitigation techniques and draw relevant

conclusions

1.5 Scope of the Study

The thesigocuses orstudying the current power system reliability problems of thaghv

kilo substationof the mediumvoltagefeeder connecting to the customefsthe city The

cust omer 6s equi pment , S -tramanisseon networks arg excludede nt 6 s
from this thesis. It is limited to calculate the customer based retiabililices andalsothe

calculation of energy oriented indices. In addition to thjsthe thesis also stigbs the
improvanent of power reliabilitynetwork topology reconfiguration with protection syssem

1.6 Methodology

Due to the nature of the studystars by reviewing literature related to the investigation of
the reliability problems of power distribution systems. Recent and unpublished important
hi stori cal relatedtta goeer ctlmhilighdve been collected from Ethiopian
Electric Utility (EEU) at Awash7 kilo district.

Interviews withthe respectiveprofessional workerat Awash7 kilo substations have been
contacted Previoudy historical outagel a t ree 9een gathered for detail assessment and
investigation to come up with a clear solution of the problem at hand.

Generally the following methodology has been followed in conducting the thesis work:
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e Literature review: A number of journals, article armhpers on power distribution
system eliability assessment and study feedmonfiguration and other related works

have been reviewed.

e Assessment of the existing networlanassessment of the physical system in the case
study area, understanding and atuapthe system as a whole.

e Data Collection: Data collection plays a very crucial role in the statistical anallysis
this thesis workthe primary data type has been used which is collected for the first
time by the researchémom the case study arela this thesis work,He data can be
collected through various methods like surveys, observatmersonal iterviews,
telephonic interviews and case study.

@ Three years (2015/22017/18 G.C) the interruptipdata has been collected from
Awash7 kilo substion which helps to carmyut reliability analysis.

@ The rating of Transformers, number of customers and feeder length has been
collected from the distribution in Awash7 kilo district.

@ Load of the existing system has been gathered from the district.

@ The ollected data has been used to clearly a®tlye problems of the Awash7
city feeder.

1.7 Thesis Layout

Thethesis is organized into five chapters which are briefly summarized below.

Chapterong, presentghe introductionbackground, objectiveproblem statementscope,

the significanceof the studyand methodology followed in the thesis wohk.addition it
provides the outline of the thesThe secondltapter discussdbe theoreticalrameworkof
reliability, protectiorsystemandareview oftheliterature orpowerreliability anddistribution
systems.In chapter three of the thesis, the electrical datdAwésh7 kilo substation and
interruptiondata sollectedhas been analyze@hese includéhe number of customersghe
number ofdistribution transformers, interruption duration and frequency and so on. The
collected data is analyzed numerically and reliability indices are calcul@tedlilation
studies system modelingnd analysis of different mitigation alternativesébeenpresented

in chapter four,and the results are presented with reasonable explanations in this chapter.
Finally, the conclusions, recommendatipasd futurework for researches are discussed in
chapter five.The resultsare obtained from this thesis waslare summarized and relevant

conclusions have been drawn.
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CHAPTER TWO

THEORETICAL BACKGROUND AND LITERATURE REVIEW

2.1 Introduction

Distribution reliability primarily relates to equipment outages and customer interruptions. In
normal working conditions,all material(except stanoly) and all customers are energized.
Schedule and unscheduledtivities disrupt normalworking conditions and camake to
outages and interruptions. The unschedslagation iscaused either due to human error or
due toElectrical materialfailures. The schedulieevents are meant for periodic maintenance

of the equipment and shall be notified in advance to the custoBifesent indicators are

used to evaluate reliability in the transmission and distribution system. The Regockat

aim to compensate customers for very long interruptions, keep restoration times under control
and create incentives tlecreaséhe total number and duration of interruptions (disincentives

to raisethem).

Electricalpower reliability can beexplainedas the degree to which the performance of the
elements in a bulk system results in Electricity being delivered to customers within accepted
standards and in tldesiredamount.The reliability of the interconnected bulk power system

is defined intwo ways.

Reliability

Adequacy Security

Figure 21: Classification ofDistribution Reliability [3].
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(A) Adequacy. it is the ability of the Electric systesrto supply the aggregate Electrical
demand andnergy requirements of their customers at all titedsng into account scheduled

and reasonaplexpected unscheduled outages of the system elements.

(B) Security: It is the ability of Electrical systems to withsthsudden disturbances such as
electric short circuit®r unanticipated loss of systestements.
In brief, reliability has to do with total Electric interruptions and complete losslt#fge, no
just deformations of the Electric sine wa®awerreliability does not coveto sag, swhs,
impulseor harmonic. Reliability indices typically nsider such aspects ag.[

F The number of customers

F The duration of the interruption measures in seconds, minutes, hours or days.

F The amount of Power (KVA) interrupted and

F The frequency of interruptions.
There are manterms and definitions used ireRability Engineering. Some of the frequently
used terms and definitions are presented befipw [
Reliability R(t): It is the probability that an item will carry out its assigned mission
satisfactorily for the stated time period when used under the specified conditions. Jn short
reliability refers to the probability that a component experiences no failure duringea tim
period.
Failure: It is the inabilty of an item to function athe initially defined guideline.
Downtime: It is the time period during which the item is not in a condition to carry out its
stated mission.
Maintainability : This is the probability that tiled item will be repaired to its satisfactory
working conditions.
Avalilability : This is the probability that an item is available for application or use when
needed.
Usefullife: It is the length othe time an item operates an acceptable level odifure rate.
Failure Frequency (f): It refers to the numberf dailures that may happen ta time period.
In this study, the unit of the failure rate frequency is failure per year.

o o OLAMBAEL OOAG
3 00 0ERAOBH ROIADIOC B AT Of EQDBONAT AO

Mean Time to Failure (MTTF): The average time it takes to the occurrence of the

component or system failuneeasured from t=0.

The relationship between the failure frequency and the mean time to failure is given by;

JEMAL MOHAMMED 2018 G.C



p
B Tl d& 442 o8

Mean Time to Repair (MTTR): The average time it takes to identify the locatiorthaf

failure and to repair that failure.
Failure Probability Q (t): It is the probabilitythat under stated conditignthe system or
components faiin a specified time period. It is identical to unreliability.
Q)= 1- R() (2.3)
Availability (A): Itis the probability that the component is normal at an arbitrary time t, given
that it was good at a time zed [
-442

|
" Ta4& 442 c8

Unavailability (U): It is the probability that the component is down at any arlitiene t

and unable to operafd].
E- 442
pxXom

In the alove equation (2)5 8760in the right part ar¢he total hours of one year, because

(¢)]

MTTR is measured in hours. According to the definition availability and unavailahbrity
related agjiven below equatian
U=1-A (2.6)

2.2 Electricity ServiceFaults

Transient Faults: A transient fault is a fault that disappears either by itself or by de
energization of the faulted circuit and it does not require any immediate repair Merk.
majority of the faults occurring on tliwerheadeeders are Transient faults. Comnoanises

of Transient faults ammomentary tree contactsith conductor and flashovers initiated either
by lighting or by conductors temporargyinging togethern this thesis it is assumed that in
the event of a transient fault, reclosing of the associateditcreaker or reclosing is always

successful, though it might not be successful on the first or settemdipt

Permanent Forced Outage Duration |t is defined as the average time it takes to restore the
affected components to service without deliberdétays when the component outage
occurrence has been automatically atgd due to a permanent fault witie components

[4.9.
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Transient Forced Outage Duration It is defined as the average time it takes to restore the
affected components to servisgithout deliberate delays when the component outage

occurrence has been automaticallyiatéd due to transient faults wittle componentf,5].

2.3 Types ofPower Interruption

There are different types of interruption and they are as discussed below.

2.3.1 Momentary Interruption

This is a situation where a customer is without electricity supply from the utility for less than
a few minutes. Whethe power supply is interrupted and restored in less fiv@minutes,

then the customer is said to have experienced momentary interruption according to IEEE
13662003 standard. The operation of a circuit breaker or reclosers, which opens the circuit
momentarily to clear faults and closes back, brings about thesruption. Momentary

interruptions sometimes affect power quality and sometimesdeaoltage sagid.5].

2.3.2 Temporary Interruption

This is usually categorized as interruptions that last a few hours. It is usually less in duration
than a sustained terruption and higher thaa momentary interruption. This interruption
usually requires an operator to put the system back on by manual operation. Hence, the
duration is usually as determined by the unavailability of an operator to perform the switching
operation immediately. This interruption is expected to last for less than two hours. Both
momentary and temporary interruptions can be as a result of faults due to lightning, two

conductors in gntact when there is wind etc. [15]
2.3.3 Sustained Interruption

This is a loss of supply tthe customer which is usually more than many hours and can
sometimes last for days. A temporary fault can lead to sustained interruptdoeéitot take
care of as soon as possible. Howe\beg sustained interruption could be as a result of

transformer failure, insulator failure, damaged wires etc.
2.34 Planned Interruption

This happens when deliberate action is taken on a component by removing it from service in

order to carry out maintenance work or construction. This interruption usually accompanies
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scheduled outage. It is usually planned and the customers are awarss thfesupply that

ensues.
2.4 Distribution System Reliability Indices

Thereare various reliability indicethat can be employed in measurithg reliability of a
given system and comparing the reliability of different electric utility compaRielsbility
indices are statistical aggregations of reliability data for a set of loads, components or

customers. The reliability of the power supply is assessed using the known reliability indices.

Most reliability indices are average values afpecificreliability characteristiof an entire
system, operating region, or feeder. The indiceghepower distribution system analysis
include customeoriented indices and energyiented indices as defined in IEEE&Nndard
13662012 [B].

A. Customer Oriented Indices
1. System Average Interruption Frequency Index (SAIFI)

The index represents the average number of sustained interruptions experienced by a customer
in a unit time (generallpneyear). The definition ofhe service area is flexible in the sense

that the number of customers and the interruptions experienced by them changes with the
definition of the enclosed area. For instance, a feeder SAIFI indicates the average number of
interruptions a customer serviceg khe particular feeder would experience in a year.
Similarly, SAIFI reported for a substation or a distribution system encloses the total customers
in the service area. It is the total number of customer interruptions per year divided by the

total numbeof customers servdé].

_ éiNi
- é.iNt

WhereN; is the number of interrupted customers for each interruption ,eivdating the

31) &)

(2.7)

reporting periodN: is the total number of customers served in the area

In orderto calculate the index, data abontividual sustained interruptions in a year are
required. For each of these interruptiotiee number of customers affectedmprises the

customer interruptions for the particular outage. The denominator is the total number of

customers in the service area under consideration.
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The method to improve on the SAIFI levels of a system is by reducing the number of sustained
interruptons that occur. This can be achieved through a proper maintenanceayekech

of the componestin the system and through the use of automation and improved protective
equipment that sense faults and attempt to clear the same before it turns int@aaepée

outage.

2. System Average Interruption Duration Index (SAIDI)

The index indicates the average time a customer has an interruption during a timergycle (
year). It is usually specified in customer minutes or customer houte ofterruptionper

year. SAIDI (system average interruption duration index) is the average interruption duration
per customer served as given in Equation (2.8). It is determined by dividing the sum of all

customer interruption durations during a year by the number of cest@arvedo].

SN
31) $9 :%N (2.8)

Where,N; is the number of interrupted customers for each interruption event i during the

reporting periodN: is the total number of customers served in the area &nithe restoration
time for eachinterruption event. The number of customers affected and the time it took for
the restoration for each interruption event are the parameters required to gbinsgtstem
averagenterruption duration index. The restoration time includes, theisn@den to notice

an outage, the time taken to locate and reach the location and the time to repair the fault.

3. Customer Average Interruption Duration Index (CAIDI)

Customer Average Interruption Duration Index (CAIDI) is the average interruption duration
for those customers interrupted during a year. It is determined by dividing the sum of all
custaner interruption duratiorby the number of customers experiencing amemore

interruptions over aneyearperiod.

The index is the ratio of SAIDI to SAIFI as given in Equations (2.9). It represents the average

time taken to restore service to the customers when a sustained interruptiorj@ccurs

#1) $9) (2.9)
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4. Customer Average Interruption Frequency Index (CAIFI)

Customer average interruption frequency index (CAIFI) gives the avédrageency of
sustained interruptions for those customers experiencing interruptions as geggration
(2.10)[6].

B1) &) —an (2.10)

WhereN; is the total number of customer interruptio@s is the total number of customers

facing an interruption during the reporting period.

SAIFI is the average frequency of interruptions experienced by a custothiechrdes even
the customers thdtavenote x per i enced an outage, whil e CAI
the inclusion of customers that have experienced at least one interruption. Also, the customer

is counted once no matter how many times they have been interrupted.

5. Average Service Availabiity Index (ASAI)

The average service availability index (ASAI) gives the fraction of time the customer has
power during the reporting time. Higher ASAI values reflect higher levels of reliability.
Equation (2.11) is used to calculate the value of ASA&fgiven service ard8)].

_ N, x8760- anN

1 31)
N, x8760

(2.11)

Where;N; is the total number of customer interruptid,is the total number of customers

served and; is the restoration time for each interruption event i

6. Average Service Unavailability Index (ASUI)

This index is theomplementary value dfie average service availability index (AS49).
1 35)p ! 31) SNE

B. Load or Energy Oriented Indices

1.Energy Not Supplied Index (ENS):This index represents the total energy not supplied by
the systenj6].
ENS=é‘i L, (HU, (2.13)
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The unit is(ow 00T "CEO6i i)
Where,0a(i) is given by:

L) =L, ()xte () = =0 P T

Where Lg(i) is apeakload demand,
L+(i) is the load factor and

Eq(i) is thetotal energy demanded in the period of interest t.

2. Average Energy is Not SuppliedAENS)

This index represents the average energy not supplied by the $§ktem

a, L.y,

I 0
' %. 3 anN

(2.15)

3. Average Customer Curtailment Index (ACCI)

This indexrepresents the total energy not supplied per affected customer by the[§]stem

a L.y,
AN,

i O

| H##) ACCl=

(2.16)

Where La(i) and U respectively are the average connected load andawerage annual

outage time at load point i anché the number of customeaffected

In this thesisvorks, System Average Interruption Frequency IndB8RIF1), System Average
Interruption Duration Index3AIDI) andExpected Energy Not SupplidBENS are used to

measure reliability péormance of utilities

2.5 Distribution System Protection

Protection coordination is performed among protection devices to prevent unwanted operation

of the equipment for a fault oaged on the system.

The main objectives of distribution system protection are:

V To minimize the duration of a fault

V To minimize the number of consumers affected by the.fault
The secondary objectives of distribution system protection are:

V To eliminatesafety hazards as fast as possible
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V To limit service outages to the smallest possible segment of the system

V To protect the .consumersé6é apparatus
V To protect the system from unnecessary service interruptions and disturbances
V To disconnect faulted lirse transformers, or other apparatus.

Overhead distribution systems are subjedtvo types of electrical faults, namely, transient

(or temporary) faults and permanent faults. Depending on the nature of the system involved,
approximately 7% to 95% of thetotal number of faults are temporary in natife Usually
transient faults occur when phase conductors electrically contact other phase conductors or
ground momentarily due to trees, birds or other animals, high winds, lightning, flashovers,
and so onTransient faults are cleared by a service interruption of sufficient length of time to
extinguish the power arc. Here, the fault duration is minimized and unnecessary fuse blowing
is prevented by using instantaneous or Bighked tripping and automaticlosing of a relag
controlled power circuit breaker or the automatic tripping and reclosing of a circuit recloser.
The breaker speed, relay settings, and recloser characteristics are selected in a manner to
interrupt the fault current before a seriesf(is. the nearest sousile fuse) is blown, which

would cause the transient fault to become permanent.

Permanent faults are those which require repaithénepair crew in terms of:

F Replacing burnegiown conductors, blown fuses, or any other damagpparatus

F Removing tree limbs from the line

F Manually reclosing a circuit breaker or Recloser to restore service
Here, the number of customers affected by a fault is minimized by properly selecting and
locating the protective apparatus on the feeder main, at the tap point of each branch, and at
critical locations on branch circuits. Permanent faults are clearedgséyctiouts installed at
sub mainand lateral tap points. This practice limits the number of customers affected by a
permanent fault and helps locate the fault point by reducing the area involved. In general, the
only part of the distribution circuit not @iected by fuses is the main feeder and feeder tie
line. The substation is protected from faults on feeder and tie lines by circuit breakers and

Reclosers located inside the substafin

2.5.1 Distribution SystemProtection Devices

A wide variety of equipment is used to protect distribution networks. The particular type of
protection used depends on the system element being protected and the system voltage level,
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and, even though there are no specific standards for the overalltiprotet distribution
networks, some general indication of how these systems work can be made.
The devices most used for distribution system protection are:

@ Overcurrent Relays

@ Reclosers

@ Sectionalizers

@ Fuses

Reclosers - A recloser is a device with thability to detect phase and phZ&s&round
overcurrent conditions, to interrupt the circuit if the overcurrent persists after a predetermined
time, and then to automatically reclose t@rergee the line. If the fault that originated the
operation stilexists, then the recloser will stay open after a preset number of operations, thus
isolating the faulted section from the rest of the system. In an overhead distribution system
between 75 to 95 percent of the faults are of a temporary nature and tastpaist, for a

few cycles or seconds. Thus, the recloser, with its opening/closing characteristic, prevents a
distribution circuit being left out of service for temporary faults. Typically, Reclosers are
designed to have up to three of#gose operationand, after these, a final open operation to
lock out the sequence. One further closing operation by manual means is usually allowed. The
counting mechanisms register operations of the phase or gfaulhdnits which can also be
initiated by externally antrolled devices when appropriate communication means are
available. Theoperating time/current characteristic curves of reclosers normally incorporate
three curves, one fast and two delayed, designated asaldBC, respectively. Figuiz2

shows a tyjeal set of time/current curves for reclosers. However, new reclosers with
microprocessabased controls may have keybogelectable time/current curves which
enable an engineer to produce any curve to suit the coordination requirements for both phase
andgroundfaults. This allows reprogramming of the characteristics to make an arrangement

to a customer's specific needs without the need to change components.
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Figure 22: Typical set of time/currerdurves for Recloser8]

Coordination with other protection devices is important in order to ensure that, when a fault
occurs, the smallest section of the circuit is disconnected to minimize disruption of supplies
to customers. Generally, the time characteristic and the sequenperation of the recloser

are selected to coordinate with mechanisms upstream towards the source. After selecting the
size and sequence of operation of the recloser, the devices downstream are adjusted in order
to achieve correct coordination. A typicgquence of a recloser operation for a permanent
fault is shown in Figure 2.3. The first shot is carried ouhainstantaneous mode to clear
temporaryfaults before they cause damage to the lines. The three later ones operate in a timed
manner with preetermined time settings. If the fault is permanent, thedlglay operation

allows other protection devices nearer to the fault to open, limiting the amount of the network

is disconnected.

Ground faults are less severe than phase faults and, therei@important that the recloser

has an appropriate sensitivity to detect them. One methodige CTs connected residsal

that the resultant residual current under normal conditions is approximately zero. The recloser
should operate when the residgakrent exceeds the setting value, as would occur during

ground faults.

Reclosers can be classified as follows:

e Singlephase and thrgghase;

e Mechanisms witlthe hydraulic or electronic operation;
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e Oil, vacuum or SF6.

SinglephaseReclosers are used when the loaapsedominantly singlehase. In such a case,

when a singlephase fault occurs thRecloser should permanently disconnect the faulted
phase so that supplies are maintained on the other phases. phaseReclosers aresed

when it is necessary to disconnect all three phases in order to prevent unbalanced loading on
the system. Reclosers with hydraulic operating mechanisms have a disconnecting coil in series
with the line. When the current exceeds the setting valuepthattracts a piston that opens

the recloser main contacts and interrupts the circuit. The time characteristic and operating
sequence of theecloser are dependent on the flow of oil in different chambers. The electronic
type of control mechanism is norttydocated outside thRecloser and receiweirrent signals

from a CT14ype bushing. When the current exceeds the predetermined setting, a delayed shot
is initiated that finally results in a tripping signal being transmitted to the recloser control
mechamnsm. The control circuit determines the subsequent opening and closing of the
mechanism, depending on its setting. Reclosers with electronic operating mechanisms use a
coil or motor mechanism to close the contacts. Oil reclosers use the oil to extinguésh th

and also to act as the basic insulation. The same oil can be used in the control mechanism.

Vacuum and SF6 reclosers have the advantage of requiring less main{8hance

Reduosing intervals
(CONACIS 0K

]

r— - -

Load current
{contxcta clased)

£,

Stat of faalt

Fault ¢urment / \ o ‘H-‘——‘_"‘— W _._______.____._:_'.:—-"'

“
Rapid operation Timed opermtion
{contacts closed) {eonicts closed)

Figure 23: Typical sequence fdRecloseroperation8]

Reclosers are used at the following points &owerDistribution System

F In substations, to provide primary protection for a circuit;
F In main feeder circuits, in order to permit the sectioning of long lines and thus prevent

the loss of a complete circuit due to a fault towards the end of the circuit;
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F In branches or spurs, to prevent the tripping of the main circuit due to faults on the

spurs.
When installing reclosers it is necessary to take into account the following factors:

@ System voltage.

@ Shortcircuit level.

@ Maximum load current.

@ Minimum shortcircuit current within the zone to be protected by the recloser.

@ Coordination with ther mechanisms located upstream towards the source, and
downstream towards the load.

@ The Sensitivity of operation for ground faults

The voltage rating and the shoitcuit capacity of the recloser should be equal to, or greater
than, the values thaixist at the point of installation. The same criteria should be applied to
the current capability of the recloser in respect of the maximum load current to be carried by
the circuit. It is also necessary to ensure that the fault current at the end iaktbeihg

protected is high enough to cause operation of the recloser.

Sectionalizers- A sectionalizer is a device that automatically isolates faulted sections of a
distribution circuit once an upstream breaker or recloser has interrupted the fault @ndren

is usually installed downstream of a recloser. Since sectionalizers have no capacity to break
fault current, they must be used with a backup device that has fault current breaking capacity.
Sectionalizers count the number of operations of the reatlnsang fault conditions. After a
preselected number of recloser openings, and while the recloser is open, the sectionalizer
opens and isolates the faulty sectiorth# line. This permits the recloser to close ang re
establish supplies to those areasfd fauls. If the fault is temporary, the operating

mechanism of the sectionalizer is reset.

Sectionalizers are constructed in single or thphase arrangements with hydraulic or
electronic operating mechanisms. A sectionalizer does not have atfumeroperating
characteristiand can be used between two protective devices whose operating curves are

very close and where an additional step in coordination is not practj8able

Sectionalizers with hydraulic operating mechanisms have an operating coil in series with the
line. Each time an overcurrent occurs the coil drives a piston that activates a counting
mechanism when the circuit is opened and the current is zero by theelsptd of oil across

the chambers of the sectionalizer. After a prearranged number of circuit openings, the
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sectionalizer contacts are opened by mearmmaiensiorsprings. This type of sectionalizer

can be closed manually. Sectionalizers with electramerating mechanisms are more
flexible in operation and easier to set. The load current is measured by means of CTs and the
secondary current is fed to a control circuit which counts the number of operations of the
recloser or the associated interrupted ahen sends a tripping signal to the opening

mechanism. This type of sectionalizer is constructed with manual or motor closing.

The following factors should be considered when selecting a sectionalizer:

@ System voltage.

@ Maximum load current.

@ Maximumshor®&ircuit level.

@ Coordination with protection devices installed upstream and downstream.
The nominal voltage and current of a sectionalizer should be equal to or greater than the
maximum values of voltage or load at the point of installation. The slirouit capacity
(momentary rating) of a sectionalizer should be equal to or greater than the fault level at the
point of installation. The maximum clearance time of the associated interrupter should not be
permitted to exceed the shaitcuit rating d the sectionalizer. Coordination factors that need
to be taken into account include the starting current setting and the number of operations of

the associated interrupter before opening.

Fuses:- A fuse is an overcurrent protection device; it possesses an element that is directly
heated by the passage of current and is destroyed when the current exceeds a predetermined
value. A suitably selected fuse should open the circuit by the destructianfokthelement,
eliminate the arc established during the destruction of the element and then maintain circuit
conditions open witlnominal voltage applied to its terminals, (i.e. no arcing across the fuse

element).

The majority of fuses used in distriflan systems operaten the expulsion principle, i.e.

they have a tube to confine the arc, with the interior covered wibnileng fiber, and a

fusible element. In the presence of a fault, the interior fifbéeated up when the fusible
element meltsand produces d®nizing gases which accumulate in the tube. The arc is
compressed and expelled out of the tube; in addition, the escape of gas from the ends of the
tube causes the particles that sustain the arc to be expelled. In this way, the argussbgti

when current zero is reached. The presence ddrdeing gases, anthe turbulence within

the tubeensures that the fault current is nafestablished after the current passes through
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zero point. The zone of operation is limited by two factting; lower limit based on the
minimum time required for the fusing of the element (minimum melting time) with the upper

limit determined by the maximum total time that the fuse takes to clear the fault.

The following information is required in order to s#lea suitable fuse for use on the
distribution systenfi8]:

e Voltage and insulation level.

e Type of system.

e Maximum shorEircuit level.

e Load current.
The above four factors determine the fuse nominal current, voltage and short circuit capability

characteristics.

2.5.2 Coordination of Devices in Distribution System

The following basic criteria should be employed when coordinating time/current devices in

distribution systems:

@ The main protection should clear a permanent or temporary fault before the backup
protection operates, or continue to operate until the circuit is disconnected. However,
if the main protection is a fuse and the&ckupprotection is a recloser, it is norral
acceptable to coordinate the fast operating curve or curves of the recloser to operate
first, followed by the fuse, if the fault is not cleared.
@ Loss of supply caused by permanent faults should be restricted to the smallest part of
the system for thehertest time possible.
Protection in a system uses to detect and isolate the affected portion of the system whenever
a short circuit or other abnormality occurs that might cause damage to, or adversely affect the

operation of any portion of the system or the load that it sugplie

The required characteristics necessary for protective equipment to perform its function

properly are sensitivity, selectivity, speed and reliability.

F Sensitivity applies to the ability of the relay to operate reliably under the actual
condition that poduces the least operating tendency.
F Selectivity is the ability of the relay to differentiate between those conditions for

which immediate action is required and those for which no action or adttaged
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operation is required. The relays must be ablegeicognize faults on their own
protected equipment and ignore, in certain cases, all faults outside their protective
area. It is the purpose of the relay to be selective in the sense that, for a given fault
condition, the minimum number of devices opetatésolate the fault and interrupt
service to the fewest customers possible.

F Speedis the ability of the relay to operate in the required time period. Speed is
important in clearing a fault since it has a direct bearing on the damage done by the
shortcircuit current; thus, the ultimate goal of the protective equipment is to

disconnect the faulty equipment or system as quickly as possible.

On designing protection system coordination it may differ from system to system because of
economic considerationsg@pment availability, system topology and othditse economic

costs and the benefits of a protection device should also be considered to arrive at a suitable
balance between the requirements of the scheme and the available financial resources. In most
modern relays the time dial settings can start from values as low a&s@ntjsand go to as

high as 20second. In distribution systems where it is possible to increase the loading on
feeders under emergency conditions, the minimum pickup current setisigpidy two times

the nominal circuit current. And in order to make sure that the relay is able to tripaunder
fault condition, the maximum pick up current is usually chosen to be half of the smallest single

phase to ground fault current [7].

All relays are assumed identical and approximated by I|E&E&ndard inverséime
characteristic equation as:
Tij= (LH'FBk) x TDS; (2.17)

(FRAM
Where T, is the operatingime oftherelay i for a fault at location j, TD$s the time dial
setting for rely i, #i is the pickup current dherelay i, |j is the fault current passing through
the relay for a fault at placg¢, andA, B andC are constant values to provide selected curve
characteristics. It can be seen from the equation that thensamity comes from the pickup

current term.

According tolEEE Standard C37.11P996, the IEEEstandard Invers@ime Characteristic
Equations for oveurrent relays, the constant and exponents in Tablée?ine the shape of
the standard Moderately Inverse, Very Inverse, and Extremely Inverse trip charasteristi

which are very common and applicable in most relays of modern time [7].

JEMAL MOHAMMED 2018 G.C



Table2.1: Constants and exponents for standard characteristics of over current relays.

Characteristics A B C
Moderately Invers 0.0515 0.114 0.02
Very Invers 19.61 0.491 2
Extremely Invers 28.2 0.2117 2

The coordination of different devices used on ttiistribution systems discussed the
following sections.

Recloser-Sectionalizer Coordination: Since the sectionalizers have no time/current
operatingcharacteristic, their coordination does not require an analysis of these curves. The
coordination criterigin this caseare based upon the number of operations of the backup
recloser. These operations can be any combination of rapid or timed shotstaneden
previously for exampletwo fast and two delayed. The sectionalizer should bt® seie shot

less than those of the recloskar, example three disconnections in this case. If a permanent
fault occurs beyond the sectionalizer, the sectionalideopen and isolate the fault after the
third opening of the recloser. The reclosers will theenergizehe section to restore the
circuit. If additional sectionalizers are installed in series, the furthest recloser should be
adjusted for a smaller nurabof counts. A fault beyond the last sectionalizer results in the
operation of the recloser and the start of the counters in all the sectionalizers.

RecloserRelay Coordination: Two factors should be taken into account for the coordination

of these devicg the interrupter opens the circuit some cycles after the associated relay trips,
and the relay has to integrate the clearance time of the recloser. The reset time of the relay is
normally lorg and, if the fault current igpplied before the relay has cpietely reset, the

relay will move towards its operating point from this partially reset position [8].

Recloser - Recloser Coordination: The downstream recloser must be faster than the
upstream recloser, and the clearance time of the downstream recloser plus its tolerance should
be lower than the upstream recloser clearance timeless its tolerance. Normally, the setting of
the recloser at thesubstation is used to achieve at least oneré&dtsey in order to clear
temporary faults on the line between the substation and the load recloser. Tlezisace

andprocedurearefollowed for relayrelay and relay recloser coordination [8].

All protection settings and the reclosing pattern shall be configurable by both operator panel

and a computer which is connected remotely or locally. A minimum of four (04) tripping
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operations to lockout shall be provided and the number and sequence of npéoatickout
shall ke adjustedn the field.

The applicable overcurrent tripping shall be of the instantaneous, standard inverse, very
inverse and extreme inverse types as per IEC 6225%and the tripping current/timeldg

setting range shall be 25% 150% of rated current for ovarrrent and 5% to 50% of the

rated current for earth fault. Inrush restraint facilities shall be also provided. The tripping
current/time delay setting range for earth fault and sensitive earth fault tripping stredl be
second to 180 seconds. If the fault is cleared by any one of the autorecloser trip operations
and the autorecloser remains closed, it shall reset itself for another complete sequence of

operations. The reset time shall be adjustable froh886sec [9].
2.6 Reliability Cost/Worth

When a power is interrupted, both the utility and customers face interruption costs. When a
customer faces such interruption, there is an amount of money thraistioener is willing to

pay to &oid the interruption and this amount is referred to as the customer cost of reliability.
Such costs are tangible and intangible types and also there is an opportunity cost. But
assessing the interruption cost from the customer side is difficult.

So to maxinee the reliabilitytheutility 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 cusiost are

minimum([10].

4 Cost

N Total Societal Cost

e T

.

Consumer
Interruption Cost

Utilnty investment
and Operation Cost

-
Rellabilty

Figure 24: Reliability worth and reliability cost [11]
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The aboveFigure 2.4shows the cost of both customer and utility and istedl that high

reliability achieved by investing high cost.
2.7 Literature Review

Electric power is a vital element in any modern economy. The availability of a redabbr
Supplyat a reasonable cost is crucial for the economic growth and development of a country.
Electric power utilities throughout the worlitherefore 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 distributBabstation system bd@o be upgraded,
operated and maintained accoigly [12]. To fulfill and meet customer demands currently

the following Researches are going on tle@electric power distribution Substation system

some of these listed as follows:

In the paper[13] presents a comparative analysislistributionreliability improvements that

can be achieved by using various outdoor distribution devices. First, it discusses the
application of the most common types of deviceseluding line Reclosers, automatic
sectionalizes and maal switches. And analysis tly@antifies the reliability improvements

that can be achieved by using each or a combination of these devices. The paper concludes
all devices offer an improvement in reliability. Switches will improve SAIDI. Midpoint
switches also possess significant value tie-point applications where feeder ties are
possible. Sectionalizes and Reclosers perform relatively closely for the various configurations
except that the Reclosers offer more improvement for MAIFI. The highest possible across the
board improvement iachieved by using singlehase Recloser and singlbase Reclosing

loop schemes.

In the mper[14] provides thedevelopnent ofthe new reliability and security index that
reflects both on direct and indirect characteristics. Direct characteristicwitieéhe risk to

not fully supply load in various contingencies. Indirect characteristics address such
undesirable conditions as circuit overloads, voltage problems, low stability margins, area
interchange violations, and insufficient generation resemefgasible power flows, etc.
Although indirect characteristics do not necessarily cause load losses they nevertheless signal
about a reduce security/reliability margin. This reduce margin may lead to sometimes hardly
predictable and quantifiable load lossgvia remedial actions, islanding andstability),

unforeseen events (cascading outages), sever system failures (voltage collapse) etc. The new
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index gives a more comprehensive answer regarding the general degree of both reliability and
security in thesystem by combing diverse contributing factors using a fuzzy logic like
approach. It is designed to flexibly accommodate various priorities and admittance of power
utilities regarding particular characteristics integramealthe index. The existing indés such

as unexpectednsavecenergy, system minutes, stability margins and others can be linked to
or derived from the general index. The index meets the need in practical, flexible and effective

security and reliability index.

The paper[15 explainsthe implementations of redibility improvement solutions ttest

system have been evaluated from a secionomical point of view. For eachtbkalternative
solutions implementedithe test system, the average annual supply interruption cost to the
customers supplied from the test system has been estimated. Furthermore, the maximum
annual capital cost associateith the implementation of each solution has been estimated.
Then, a eliability improvement solution is considered justified seecmnomically if the

capital cost associated with its implementation is less than the resulting reduction in the

interruption cost to the customers.

Thepaper[16] focuses on aging power systerAging of components is an important fact in
power system reliability assessment. It results from a number of different reasons;
deterioration, erosion or damage of equipment. Regardless of reasons, most equipment may
develop aging trend over time. As au#, aging may bexne the cause of load curtailments
because of higher system failure probability. So, it is necessary to examine aging
characteristics in system reliability or in economic evaluation. Power systems with high
reliability at low-cost offermay benefit in competitive. This thesis illustrathe effect of

aging on composite power system reliability evaluation.

Paper[17] explain thetechnique for assessing the reliability of alternative conceptual design
architectures. The method is basedh@identification of criticality and sensitivity of system
components, anthe simulation model that incorporates probability and failure rates of
individual components such that system level reliability measures can be computed. This
analysis at the syatn level supports decision making early in the design process and assists
the designerso evaluate and identify critical elements of different conceptual architectures
and to select among or integrate different architectural solutions to ensure improved

reliability.
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Paper[18] mainly focuses on the reliability problemstbk existing power grid of Adama

city and the smart grid has been proposed as a solution. Therefore the appropriate components
of the smart grid are selected to design the overall system. Smart Reclosers are the key
components othe smart grid which are used for fault detection, isolation and restoration
programs in the distribution systems and the result of this fact hasabesprecedented
increase of global demand for this product. Smart Reclosers offers a complete design solution
with integrated smart grid capabilities offering not only remote control but automation and
analogdata measurement and logging capabilities to achievattlity business drivers. The
designed system i s si mtblleattaradvindmsdl that gre uséddéo s o f t
analyze the reliability of the overall system. The simulation of the designed model shows that
the application of smart Reclosersigaprove the reliability of the overall system from 50%

to 70%.

The mper[19] presented a basic new restoration methodology for distributioensyst
configurations that maximizihe amount of load that can be restored after a grid blackout,
substation otage and distribution feeder line section outages and evaluates the cost of load
point interruptions considering feeder islanding and substation capacity constraints. Several
case studies with restoration procedures are presented and discussed taesleallthe
impact of distribution system capacity constraints on load point reliability indices and the cost

of load point interruptions.

Paper[20] proposed a branch and bound type heuristic method to determine the network
configuration to enhance diditition system reliability and for minimum line losses. Its
solution scheme starts with a meshed network by initially closing all switches in the network.
The switches are then opened one at a time until a new radial configuration is reached. In this
proces the switch to be opened at each stage is selected in order to enhance distribution

system reliability and to minimize line losses of the resulting network.

The mper[21] proposed an evaluation technique for distribution reliability that uses the
improved failure rate of all protective devices in a network, dependinigedocation of the
superconducting fault current limiter. As a result, it is expected that the SFCls rieke
reliability of adjacent equipment on an existing network improve, and these changes are

analyzed.
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CHAPTER THREE
DATA COLLECTION AND ANALYSIS

3.1 Introduction

This chaptebriefly deak with the methodologies used for data collection dathanalysis

for the existing system.

Reliability analysis needs interruption duration, interruption frequeadgtal number of
customers served, customers interrupted, loads connected and so on. So, under this chapter,
the collected failure data and basieatrical data of power systeeguipmentwhich are
necessary for reliability analysis are presented. These data are analyzed to identify the current

reliability status of the substation and to distinguish the main problems of interruption.
3.2 Description of Awash7 Kilo Substation

Awash7 kilo substatiotakeselectric power through 132 kV transmission lines from Koka
power plant that is interconnected system (ICS) and it supplies electric power to Awash7 city
and the nearby aredsthiopian Electric Powg{EEP)and Ethiopia Electric utility (EEU) are

a service provider of electric power in the country. A k®2transmission line is stretched
into theAwash7substationthenstepped dawn to 66 kV/15 kV with two parallel connected
transformers as shown kigure 31. The distribution system in thetgihas a primary voltage
of 15kV and also, this voltage value is stepped dowAG@220V in three phase and single
phase respectivelyThe network topology AwashKilo substation is radial. The bus bar
schene a bus bar layout is paralléb the single bis bar systemThe single bus bar scheme
has only one three phase but to which the varioueming and outcoming circuits are
connected.This hadack of operational flexibility in case of bus fault or circuit breaker failure
then,the entire bus has to be-drergized, but ihaslow cost, simple to operate and requires
simple protectiomf the systemAwash7 kilosubstation consists éifve outgoing feedrs.The
nominal voltages of the three feeders B8&V and the remaining two feedeare66 kV. As

per the data found frotihe southeastregion billing office,the southeast region has a total
of 9,823customers and from thesevash7 town haapproximatelyt,819customers served.
From theoutgoing feedes; 15kV feedercity line is serving customers found in the center of
the city and is extended &argoba WeredandAwashPark which areataround35 km away

from the Awash7kilo substation Commercial areas are sed by this feeder. Big hotels,
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small and micro industries, banks, most administrative offitdscommunicationschools

and a large number of residential customers get electricity from this feeder. City line is
represented by 1 as depicted irFigure 31. According to the breakarrangement in the
control room Figure 32), Current Transformer (CT) rating of city feeder is 400/5 A. This
primary distribution feder delivers power from tiseibstatiorto distribution transformers. It
begins with the feeder breaker at the distribution substation and exits the substation in a

concrete duct bank (feeder gatay) and routed to a nearby pole.

The main primary feeder branches into various primary latedaish in turnseparatento
several subaterals to serve all the distribution transformers. The main feeder and sub feeders
before the transformer atieree phase three wire circaihd the laterals are three phase four

wire o single phase two wire cirtu

f"" _-E‘ﬂ
f,-’ KolaWazmst \x
/ %
I.* 1328V 132 ¥ \
Tran=mizsion Lines
Izin Bus bar
1328V 1328V
1315 KV 132/66 KV
Trnz. Line
Bus bar 2 Bas bard 131%V
154V 66 &V
132 KV To Asshe Tabre
1200 MVA
15KV 5
155V 15 &V - 561V Ted 66 KV .
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044V 045V 04KV 045V 041V
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Figure 31: Single line diagram of Awash7 kilo Substation [ETAP16.0 software]
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Figure 32: Partial view of Awash7 kilo Substation Control Room [Source: study area]
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Figure 33: Awash7 kilo Substation [Source: study area]
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Figure 34: Awash7 Diesel Substation

3.3Data Collection

Primary data havbeen collected by the direct involvement of the researcher and workers of
Ethiopia Electric Utility EEU) from Awash7kilo.

During the site survey, the primary data necessary for this study were the length of the feeder,

rating and type of each transformer, topology and layout of the system, conductor type,

topographypower réability dataand others.
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Table 31: Awash7DieselSubstationData

Capacity 35 MW
Maximum Load 15MW
Maximum Load Current 215 A
Feeder Current Transformer Capacities 350 A
Feeder Cable Current Capacities 300 A
Voltage Level 15 KV
Main Line Feeder Capacities Current 340 A

Table 32: Data forAwash7 kiloSubstation

Name of Lines Number of | Voltage | Transformer | Total

Substation | Hy | MV | LV | Transformer| Level Capacity Capacity
(KV) (MVA) (MVA)

Awash7 0 2 3 |2 132/66/15| 12 24

kilo

Table 33: Feeder name and voltage levelsAatash7 kiloSubstation outgoing feeders

Feeder Name Voltage Level in KV | Circuit breaker type CT ratio
Awash7 city L1 15| Oil Circuit breaker 200-400/5 A
Awash7 Factory L2 15| Oil Circuit breaker 200-400/5 A
Awash40 city L3 15| Oil Circuit breaker 200-400/5 A
Amibara K1 66 | Vacuum Circuit breaker 75-150/5 A
Nurara K2 66 | Vacuum Circuit breaker 75-150/5 A

Table 34 contains the data about 15 K&edergbus bar2) and 66 KV feeders (bus bar 3).
In thisTable3.4, L1, L2 and L3represent the outgoing feeder lines from 15 KV bus bar and

K1 and K2represent the outgoing feeder lines from 66 KV busIbafwash7kilo city has

34 total distribution transformevéth atotal capacity 9,900 KVArom the feeder L1 andd.

Table 34: The complied data fokwash7 kiloSubstation feeders
Feeder Name Total No of | No of Total capacities of | Total Length | Conductor
Distribution | Customers Distribution of Feeders | Size (mm)
Transformer Transformer (KVA)| (km)
Awash7 city L1 26 4,819 4555 35 AL-50 mn?
Awash7 Factory L2 | 8 8 5345 0.6 AL-50 mn?
Awash40 L3 22 2,242 3450 10 AL-50 mn?
Amibara K1 10 1,405 1680 18 AL-95 mn?
Nurara K2 12 1,349 1330 16 AL-95 mnt
Total 76 9,823 16360 79.6
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Table 35: Awash7 kilo city lineTransformemData (15kV feederL1 andL?2)

Number| Specific Areas/Places Name Transformer Size in kKVA
1 [ High School 200 KVA
2 | Farmer Association 100KVA
3 | Budle 315KVA
4 | Afar Health Center 100 kVA
5 | Agricultural Office 50KVA
6 | Finance 200KVA
7 | Bus Station 315 kVA
8 | Haji Siyum 315 kVA
9 | Afar Moot Court 315 kVA

10 | Telecommunication Tower 1 25 kVA
11| Afar Milk Process 200 kVA
12 | Awash EEU District Office 50 kVA
13| Gumruk Office 315 kVA
14| Elala Sala Tele 50 kVA
15| Telecommunication Tower 2 25 kVA
16 | Noke 200 kVA
17 | Genet Hotel 200 kVA
18 | Water Pump 1 200 kVA
19 | Water Pump 2 200 kVA
20 | Rail Way Company 100 kVA
21| Megala 315 kVA
22 | Telecommunication Tower main Office 100 kVA
23 | Kebele Office 315 kVA
24 | Maryam Church 50 kVA
25 | Water Push 100 kVA
26 | CocaCola 200 kVA
27 | Around Awash 7 Substation Area Factory 100 kVA
28 | National MiningFactory 1 1250 KVA
29 | National Mining Factory 2 1250 kVA
30 | Filer Plant Factory 800 kVA
31 | Cotton Factory 315 kVA
32 | Hen Production 200 kVA
33| Lucy Cotton Factory 630 kVA
34 | Concrete Factory 315 kVA
35| Total 9900 kVA

Table3.6: shows the mnualaverage energy and power consumption of each feeder bus bar.

The annual average energy is calculated using the recorded data ffed620017/18 G.C.
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Table 36 : Annual average energy aRdwer consumption each feeder

FeedeName Average| Average Power Consumption | Average Energy
MVA Consumption
Average Active| Average Average Average
Power (MW) Reactive Active Reactive
Power (MVAr) | Energy Energy
(KWh) (KVArh)

Awash7 city L1 3.06 2.448 1.7748 21,444,480| 15,547,248
Awash7Factory L2 | 3.42 2.736 1.9836 23,967,360| 17,376,336
Awash40 L3 1.48 1.184 0.8584 10,371,840/ 7,519,584
Amibara K1 0.58 0.464 0.3364 4,064,640 | 2,946,864
Nurara K2 0.42 0.336 0.2436 2,943,360 | 2,133,936
Total 8.96 7.168 5.1968 62,791,680| 45,523,968

Based orTable 36, the Power factor (B of thesubstation system can be calculated as;

0& #1 OAT 170

¢

¢

PF=Cos QAT ———

When

PF= Power factor

¢

¢

Q= ReactivePower in (MVAr)
P= Active Power in (MW)

o

Table 37: Average andPeakLoad of theSubstation

Feeder Name Average Demand (MW) Peak Load (MW)
Awash7 city L1 2.45 5.3
Awash7 Factory L2 | 2.74 5.6
Awash40 L3 1.18 3.48
Amibara K1 0.46 2.00
Nurara K2 0.34 1.74
Total 7.17 18.12
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Table 38: Hourly load MW) each feeder of Awash7 kiBubstation

eeders
Hours L1 L2 L3 K1 K2 Total
1 0.52 1.75 0.23 0.13 0.12 2.75
2 0.55 1.75 0.2 0.1 0.12 2.72
3 0.72 1.77 0.23 0.1 0.12 2.94
4 0.97 2.21 0.53 0.13 0.14 3.98
5 1.67 2.05 0.45 0.12 0.14 4.43
6 3.01 2.05 0.45 0.12 0.21 5.84
7 3.01 1.98 0.45 0.12 0.21 577
8 3.01 1.86 0.45 0.12 0.21 5.65
9 2.16 3.08 0.87 0.3 0.2 6.61
10 2.06 3.88 0.89 0.34 0.25 7.42
11 1.79 3.95 0.91 0.34 0.25 7.24
12 2.93 3.5 0.76 0.27 0.28 7.74
13 1.67 3.71 1.25 0.43 0.42 7.48
14 3.23 3.75 1.32 0.43 0.42 9.15
15 3.19 3.52 0.35 0.43 0.34 7.83
16 2.98 3.51 0.3 0.39 0.21 7.39
17 2.75 3.27 0.28 0.35 0.18 6.83
18 2.3 3.34 1.31 0.44 0.24 7.63
19 2.73 3.23 1.56 0.65 0.31 8.48
20 2.8 3.15 1.78 0.66 0.31 8.7
21 2.55 411 1.61 0.7 0.45 9.42
22 15 2.42 0.91 0.64 0.52 5.99
23 1.25 2.32 0.87 0.61 0.42 5.47
24 1.47 2.41 1.05 0.39 0.38 5.7
Average hourly Load
5 —— Awash?7 City, L1
=4
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Figure3.5: Average hourly loads of Awash7 kilo Substation
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As shown fronthehourly load ofFigure 35, themaximumandminimum loadf the feeders

are3.92 MW and 0.12 MW respectivelfhe maximum load is observed during the night

time in the range of 4:00 PM to 5:00 Pvhe minimum load is observed during the daye
in the range of 8:00 AM to 9:00 AM.
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Figure 36: Total load profile (MW) of Awash7 kil&ubstation

Figure 35 andFigure 3.6 shows the load measured during 24 hours of a day. Hourly load

denotes a load measured during that corresponding time and overall load is the totad sum of

load of each feeder. So the maximum overall load of the systebserved from 12:08M

to 3:00 AM day time (due tahedesert aremost customersvhich are used to Aicondition
andventilato) which is 18.12 MW.

3.

3.

1 Reliability Related Dataods

This section contains the coifgd powerr el i abi |l ity rel ated

of A

dat ao

Awash7 kilo substation. Table 8.contains the frequency of interruptions due to-non

momentary (unplanned) and momentary (planned) interruptions from 2015/2016 G.C (2008
E.C) to 2017/2018 G.C (2010 E.Gh the case study area throughout the year mostly the
planned interruption is carried out due to thregoing network maintenance, construction,

upgrade works and whenever possible. Sometimes however we need to temporarily

disconnect power supplies whileglwork takes place.
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Table 39: Frequencyinterruptions from 2015/16.C to 2017/18G.C

2015/2016 G.C 2016/2017 G.C 2017/2018 G.C
Feeder

Unplanned| Planned Total | Unplanned Planned Total | Unplanned, Planned Total
L1 198 183 381 | 245 165 410 | 288 163 451
L2 125 78 203 |98 128 226 | 130 95 225
L3 285 165 450 |191 108 299 | 270 115 385
K1 213 155 368 | 245 125 370 | 188 175 363
K2 182 155 337 | 141 128 269 | 158 112 270
Total | 1,003 736 1,739| 920 654 1,574| 1,034 660 1,694

Table 310, refers to the duration of interruptions due to -n@omentary (nplanned) and

planned interruptions in the existilywash7 substationsystem from 2015/2016 G.@®
2017/2018 G.C

Table 310: Durationlnterruptions from 2015/16.C to 2017/18 GC

2015/2016 G.C 2016/2017 G.C 2017/2018 G.C
Feeder

Unplanned Planned Total | Unplanned Planned Total | Unplanned Planned Total
L1 171 141 312 | 181 127 308 | 187 152 339
L2 18 65 83 62 73 135 |31 84 115
L3 168 82 250 |132 112 244 | 128 110 238
K1 105 110 215 | 176 79 255 | 105 89 194
K2 128 145 273 | 87 168 255 | 153 102 255
Total | 590 543 1,133| 638 559 1,197| 604 535 1,141

Table 311: Average Frequencynterruptions and\verageDuration hterruptions per year

Frequency Interruption (Int/year) | Duration Interruption (ldur/year)
Feeder 2015/16 to 2017/18 G.C 2015/16 to 2017/18 G.C
Unplanned Planned | Total Unplanned Planned Total
L1 243.67 170.3 413.97 179.67 140 319.67
L2 117.67 100.3 217.97 37 74 111
L3 248.7 129.3 378 142.7 101.3 244
K1 215.33 151.67 | 367 128.7 92.67 221.37
K2 160.33 131.67 | 292 122.7 138.3 261
Total | 985.7 683.24 |1,668.94 |610.77 546.27 1,157.04
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3.4 Causes of Power Inteuption in Awash7 Kilo Substation

At Awash7kilo substation, major faults occurring frequently are short circuit, earth fault,
blackout, distribution lineoverload, under frequency. And there are planned outages for
operational and maintenance purpose. The major faults occurring canageghgvoray or
permanent type. Permanentsoistained interruptions are lowmyiration interruptions which
last longer thafive minutes whereas interruptions withduration offewerthanfive minutes

are termed momentary interruptior22]. Usually, only data onustained interruptions is
reported to the regulatory authoritythe study areaviany of the distribution problems are
temporary and mainly caused by tree, animal contact, aathi@vecondition. They can easily
be solved with little or no intervention frothe system. Then by simply reclosing, the system
will be reenergized. But permanent faultard toe restored by simple #energizing.
Permanent faults can be caused dogyipment malfunction, cable failurelown line or

persistent tree contal@3].

Pemanent (Sustained) interruptions can be classifiggbasied andinplannednterruptions

[22]. Planned interruptions (operational outages) occur mainly for the purpose of construction,
preventative maintenance or repair. A planned interruption occurseleeted timdess
inconvenient for the customers and the customers have been notified beforehand of the
interruption. On the other hand, if the occurrence time of the interruption has not been
selected, then the interruption is unplann&d.unplanned iterruption occurs, for example,

due to fault clearinghe unwanted operation of the protection system or due to inadvertent

initiation of opening operation of a switching device by a human.

According to the data collected from the Awaskilb substation,the causes of nen
momentary (unplanned) interruptions ai@istribution Permanent Earth Fault (DPEF)
Distribution Permanent Short Circuit (DPSO)stribution Temporary Earth Fault (DTEF)
and Distribution Temporary Short Circuit (DTSC)The reason for these unplanned
interruption arebasically as a result of faults and failures which makes a component to be
unavailable to perform its function. In addition, the two major factors that affect the reliability

of power distribution system ai@apacity shortages and Faults and failures

Distribution Permanent Earth fault (DPEF):-This fault occurs when there is a conducting
connection between any elecaiconductor and any conducting material that is grounded or
that may become grounded. Elggty always wants to find a path to the ground. In a ground
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fault, electricity has found a path to ground, but it is a path the electricity was never intended

to be on, such as 28.Aheeartyfault,xzaugee by aroimsdation mssd y

between a live conductor and an exposed conductive part, represents a plant engineering
problem which may cause damage to the electrical installations and above all may jeopardize
people; as a matter of fact, people could get in touch with an expoadddive-part not

normally live but which, due to the fault, might have a dangerous potential to ground.

Distribution Permanent Short Circuit (DPSC):-Short circuit is the most commonly used

term to describe the cause of a power failure. It occurs when ancetectent travels along

a path that is different from the intended one in an electrical circuit. When this happens, there
is an excessive electric current which can lead to circuit damage, fire, and explosion. In fact,
short circuits are one of the prinyacauses of electrical fires throughout the wogd]] It

also occurs when the insulation of the wiring used breaks down. It can also occur due to the
presence of an external conducting material (such as water) that is introduced albcident
into the crcuit. Electrical batteries can explode if they are subjected to a large current. Short
circuits can even occur when electric motors are forced to operate when the moving parts are
jammed. This can result ithe abnormal buildup of current, ultimately leag to a short

circuit. Water can lead to short circuits and power failure. Because water is conductive so the
current easily flows through it. Current will always take the easiest path. Since there is little
resistance in water, the current will flow frgusitive to negative (or vieeersa) through the

water causing the short circuit. The damage caused due to water in electrical circuits can be
very expensive so it makes sense to ensure that you are well protected from it. Electrical

switchboards, wiresand circuits should be protected from exposure to water.

Power Transformer Overload:-Overloaded transformers are foundhrindustry as a result

of a combination of factors. Often times rapid plant expansion without adequate capacity
planning can lead toverloaded transformers. This combined with the poor power factor and
high harmonic currds generated by inductive loadan cause a transformer to become

heavily loaded.

Distribution Line Overload :-Increasing demands for electric power have caeseésting

power grids to become overloaded. Overloading is a common cause of line voltage
fluctuations. Inadequate power generation and inadequate distribution systems are also causes
of line voltage problemsThe improper or poorly designed power regulgtishevices may

create voltage fluctuations. Loose or corroded connections at the electric service user end can
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create voltage irregularities. The same conditions on the distribution power lines may also
affect voltage. Many voltage fluctuation problems dam traced back to inadequate
infrastructure. 24]
Blackout:-Blackout is a total loss of the electric service in one area. It can be caused by
catastrophic equipment failure or severe weather. It can also be caused by the utility itself for
peak shaving pposes.

Table 312 Average interruption duration and frequency of different faults of 2015/16 to

2017/18G.C

DPEF DPSC DTEF DTSC OPR
Feeder

DUR | FER |DUR |FER |DUR | FER |DUR | FER |DUR |FER

L1 42.5 |60 60.5 |70 355 |90 415 |24 140 170.3
L2 9 25 12.75| 39 5 29 10.25 | 20 74 100.3
L3 25 52 40.75 | 64 20 78 27.25 | 20 101.3 | 129.3
K1 22.25 |44 | 42.25| 26 24 85 20 15 92.67 | 151.67

K2 20.75 | 30 40.75 | 45 20 35 21.2 |15 138.3 | 131.67

Total | 119.5|211 | 197 244 | 104.5| 317 |120.2 |94 546.27| 683.24
system

In Table 3.2, where; DPEHRSs a distribution permanent earth faulDPSC isa distribution
permanent short circiOPR is operational interruptions, FRE is frequency interruption and
DUR is duration interruptions. Based on the above table, it is podsikd@alyze the
percentage contributions of each cause of interruptions for the total frequency and duration of
interruptions of each feeder and the overall system.
Table 313: Percentagef the cause of average duration and frequency interruptions of
different fault

Feeder| DPEF DPSC DTEF DTSC OPR

%DUR | %FER | %DUR | %FER | %DUR | %FER | %DUR | %FER | %DUR | %FER

L1 13.29 |14.49 {1893 |16.91 |11.11 |21.74 | 1298 |5.8 41.1 43.8
L2 8.11 11.47 | 11.49 | 17.89 | 4.50 13.30 | 9.23 9.18 |46 66.7
L3 10.25 | 13.76 | 16.70 |16.93 | 8.2 20.63 | 11.17 |5.29 |34.2 41.5
K1 10.05 |11.99 | 19.09 |7.08 |10.84 |23.16 | 9.03 409 |41.3 41.86
K2 7.95 10.27 | 15.61 | 15.41 | 7.66 11.99 | 8.12 5.14 |45 52.99

Average| 10.33 | 12.64 | 17.03 | 14.62 | 9.01 18.99 | 10.39 |5.63 |47.21 |40.94
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Table 3.4 and Table 3.3; shows as the percentage of each of the cause ofrfaiWtash7

Substation.

Table 314: Percentage average interruptidarationof each type of fault

Causes DPEF DPSC | DTEF |DTSC | Operational Others

%Dur(Hr.) | 10% 1% | 9% 10% | 47% 7%

Anocther fault includs, overload, blackout (total loss of poweran areg)underfrequency

Transmission line fauktc.

Percentage (%) of Average Duration(Hr.)
Interruptions

mDPEF mDPSC mDTEF mDTSC mOperational = Other

Figure 37. Percentage of average duratiorierruptions of overall system of Awash7

Substation

From the above pie chart kigure 37, 47% (Hr.) of the interruption duration of the overall

systemaredue the operation and maintenant@ is due taa distributionpermanent earth
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fault, 17% is dueto distributionpermanenshort circuitand the remainingtherfaults account

for around7% (include Power Transformer overlgalansmission line fault etc.)

Table 315: Percentage average frequency interruption of eachdifault

Causes DPEF DPSC | DTEF |DTSC | Operational Others
%Frequency 13 15 19 6 41 6
(Int/year)

Percentage (%) of Average Frequency(Int/Yr.)
Interruptions

mDPEF mDPSC mDTEF mDTSC mOperational =Others

Figure 38: Percentage of average frequency interruptions of overall system of Awash7

Substation

Figure3.8 showsthat 41% of the interruption frequenéydue the peration and maintenance,
and 196 aredue toa distributiontemporaryearth fault, 5% a distributionpermanent short

circuit, 8 isothers (includeinder frequengy
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3.5Distribution Reliability Indices Calculation

The reliability indices of the existing substation can be calculated using equations (2.7) to

(2.15), which are given in chapter two. Based on the data given in Taldadlable 3.10,
we can calculate the reliabilitpdices for 205/16 t02017/2018G.C and the average of the
three years. Therefore, Table@.Table3.17, Table3.18 and Table 3.9 showsthecalculated
reliability indices inthe year 0f2015/16, 2016/17, 2017/18 G.Cand the average system

respectively.

Table 316: Calculated reliability indices of 2015/¥wash7 kiloSubstation

Feeder | SAIFI | SAIDI | CAIDI | ASAlI | ASUI | EENS (MWh)| AENS
L1 381 312] 0.819]| 0.964| 0.036 763.776| 0.158
L2 203 83| 0.409 0.99 0.01 227.088| 0.189
L3 450 250| 0.556| 0.971] 0.029 296| 0.132
K1 368 215| 0.584| 0.975| 0.025 99.76| 0.071
K2 337 273 0.81] 0.969| 0.031 91.728| 0.068
Average| 347.8] 226.6| 0.6356| 0.9738| 0.0262 1,478.35 0.618

Table 317: Calculated reliability indices of 2016/¥wvash7 kiloSubstation

Feeder | SAIFI | SAIDI | CAIDI | ASAlI | ASUI | EENS (MWh)| AENS
L1 410 308| 0.751] 0.965| 0.035 753.984| 0.156
L2 226 135| 0.597] 0.985| 0.015 369.36/ 0.308
L3 299 244| 0.816| 0.972| 0.028 288.896| 0.129
K1 370 255| 0.689| 0.971] 0.029 118.32| 0.084
K2 269 255| 0.948| 0.971] 0.029 85.68| 0.064
Average| 314.8] 2475 0.755] 0.972] 0.028 1,616.24) 0.741

Table 318: Calculated reliability indices of 2017/¥8wvash7 kiloSubstation

Feeder | SAIFI | SAIDI | CAIDI | ASAlI | ASUI | EENS (MWh)| AENS
L1 451 339| 0.752] 0.961| 0.039 829.872| 0.172
L2 225 115 0.511] 0.987| 0.013 314.64| 0.262
L3 385 238| 0.618| 0.973] 0.027 281.792| 0.126
K1 363 194| 0.534| 0.978] 0.022 90.016| 0.064
K2 270 255| 0.944| 0.971] 0.029 85.68| 0.0635
Average| 338.8| 237.83] 0.688] 0.973| 0.027 1,602.003 0.6875
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Table 319: Calculated reliability indices the averagetlofee yearsit Awash7 kilo

Substation
Feeder | SAIFI | SAIDI | CAIDI | ASAI | ASUIl | EENS (MWh)| AENS
L1 414| 319.67| 0.772| 0.963| 0.037 782.544| 0.162
L2 218 111| 0.506| 0.987| 0.013 303.696| 0.253
L3 378 244 0.663| 0.972| 0.028 288.896| 0.1287
K1 367| 221.3] 0.602| 0.975| 0.025 102.699| 0.0733
K2 292 261| 0.901| 0.970{ 0.030 87.696| 0.0648
Average| 333.8| 237.31] 0.698| 0.973| 0.027 1,565.539 0.6822

In this thesisfocusis givenonly on Awasty kilo city feeder line one (L1). Becausss per
data of Awash7 kilo substatiptihe cityfeeder has moreequency and duration interrupt®n

than other feeds in the existing substation.

Table 320: Calculated reliability indices oAwash7 kilo city feeder for year 2015/16

2017/18G.C
Feeder Reliability 2015/16 G.C| 2016/17 G.C| 2017/18 G.C| Average
Name Indices
SAIFI 381 410 451 4140
Awash7kilo | SAIDI 312 308 339 319.67
City Feeder | CAIDI 0.819 0.751 0.752 0.772
line, L1 ASAI 0.964 0.965 0.961 0.963
ASUI 0.036 0.035 0.039 0.037
EENS 763.776 753.984 829.872 782.%2
AENS 0.158 0.156 0.172 0.162

3.5.1Comparison of the Calculated values of Reliability Indices with benchmarks

In theTable 321 bellow, showsthe calculated Reliability indices values of Awaii@ city
feeder line Llcompared with Ethiopia Electric Agency standard and other country benchmark
valuesmost commonly usedeliability indices. This thesis also focusem the customer
orientedreliability indicesand energy oriented indices
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Table 321: Comparisons oSAIFI andSAIDI values with different countries [21]

Countries SAIFI (Int./Year/Customer) SAIDI (Hr./Year/Customer)
United State®f America 15 4

Italy 2.2 0.967
France 1.0 1.03
Denmark 0.5 0.4
Australia 0.9 1.2
Spain 2.2 1.73
Canada 3.4 6.9
United Kingdom 0.8 15
Germany 0.5 0.383
Netherland 0.3 0.55
Ethiopia 20 25
Awash7kilo city Feeder, L1 4140 319.67

Comparation SAIFI Value with Benchimarks
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Figure 39: Comparison of SAIFI value with different countries standards
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Comparison of SAIDI Value with Bechimarks
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Figure 310: Comparison of SAIDI value with different countries standards

3.6 0utage Cost Evaluationof Awash7 Kilo City Feeder Line

Power interruption costs both the utility and the customer sides. The size of tlenacon
losses due to interruptiatependlargely on the composition of the customers that experience
interruptions. Customers ithe Awash7 city are roughly divided into three categories:
residential, commercial, and small industrial custon@nsthe utility side power interruption

cost is estimated based on customer data, interruptioyatiat@ost per outage data.

The number of cuemers considered in estimating the cost of power interruptions will have
a significant impact on the magnitude of the estimate. Substantial uncertainty can result from
differences in how customers are defined. It is better to differentiate the typecastomers

interrupted whether they are residential, commercial or industrial.

In the case study area, Awagkild city, power interaptions data are usually recordadhe
form of interruption duration, interruption frequency and load (MW) reading d¢f fescler

on each hour. From these datais easy to know the reliability indices, System Average
Interruption Frequenchindex (SAIFI), System Averadaterruption Durationndex (SAIDI)
and Expected Energy Not Supplied (EENS) of sustained interruptperienced by
customers of each feeder in a yday.using the recording Mega Watt (MW) load beftre
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interruption on each hour, SAIDI and SAIFI data unsold energy (MWH) will be calculated.
Energy is a very important term to estimate the interruptionafake system for a typical

year.

Table 322: Ethiopia electricity tariff Birr/fKWh) sinceduly 8, 2006 (199&.C)

Monthly Consumption (KWh) Price Rate Birr/KWh)
Equivalent Flat Rate 0.4735
Residential 0-50 0.2730
51-100 0.3564
101-200 0.4993
201-300 0.5500
301-400 0.5666
401-500 0.5880
Above 500 0.6943
Commercial Equivalent Flat Rate 0.6723
0-50 0.6088
Above 500 0.6943
Low Voltage Time of Day Industry @15 KV
Equivalent Flat Rate 0.5778
Peak 0.7426
Off Peak 0.5354
High Voltage Industry @132 KV
Peak 0.4736
Off Peak 0.3664

Based on Table 22, theinterruptioncost in the study area thatilsAwash7kilo substation

can be calculated using the formbklow,
%4 "

) T OAO OO DPAET @ Ob =i B AEE7 EZrd 1 S o}
Where,the tariff 0.4409 is taken from the average of the first block tariffs of residential and
commercial customers, which most Ethiopian electricity customers ama@d$o be grouped
[16].

For Awashkilo city feeder (L1)in the year 2015/16as763.776 MWh unsupplied Energy
from Table 320; then,Interruption cost is calculated as:

Interruption cost=763.776 kWh x1000 »0.4409 ETB kWh=336,748.8384ETB

By the samerocedure the terruption cost for the 3 yeathat is from 2015/16 to 2017/18
G.C is calculated and summarized in Tablg33Based on the exchange rate of the
Commercial Bank of Ethiopia (CBE) on-0ay-2018 (I $=27.5151ETB).
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Table 323: Summary of estimated interruption cost from 2015/16 to 201@&.C3in

Awash7 kilo city feeder line

Years EENS(MWh) | Interruption Cost (ETB) | Interruption Cost (USD)
2015/2016 G.C 763.776 336,748.8384 12,238.69

20162017 G.C 753.984 332,4315456 12,081.79

20172018 G.C 1358 598,742.2 21,760.5

Max. 1358 5987422 21,7605

The maximumof thethreey e aintérraption costlue tothe unsold energyf the Awash7
kilo city feederlineis 598742.2ETB or 21,760.5 USD peryear.

3.7 Data Analysis

Based onthe datacollected from Awash'kilo substationwe can summarizethe power

reliability indices of theAwash7kilo city feeder line Llin the following manner

F SAIFI of the overall system as shown in Table93dsl414int. /yr. As per Ethiopian
El ectrical Agencydés (EEAOG6s) standmerd, SA
customer per year, which indicates that the current value is above the acceptable value
by a large margin. And also, when we compale talculated SAIFI value with
Denmarkstandard, it is much gager than the maximum limit2p]. This clearly
indicates that there is serious reliability problem in the existing Awagh7city
feeder line, L1
F SAIDI of the overall system from Table 3.is 31967 hours per customer per year.
This shows that every customer experier@€8.67Hr. interruptionper year. This
indicatesthat there is great reliability problem in the existhgash7kilo city feeder
line, LL. AspertheEt hi opi an EI| dEEA)rthe SAIDI vahighouidooy 6 s
exceed 25 hours per customer per ye@}. [Bhe permissible SAIDI value in Denmark
is 04 hours per customer per yeab]2
F ASAI Itis the average service availability index which showdrénetion of time that
a customer has received power during the tempperiod. From the Table R1he
power supply of the overall systefior Awash7kilo city feeder, L1is 0.963 (96.3%)
available However, this value is stilot good enough since the ASAI value should
be greater than 99.98% aspet hi opi an E| etartdard2@l.al Agencyo
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F ENS: It shows the unsupplied energy or unsold energy of each feeder. From the Table
3.23 themaximumunsold energyor Awash7kilo city feeder, Liwas1,358.4 MWh
per year
F AENS: This index shows the average energy not supplied per custotherdystem.
From the Table 39the overall systerfor Awash7kilo city feeder, Llhas an AENS
value 0f0.162MWh per customer
F Due to power interruption per year for the Awa#id city feeder, L1the average
cost of unsold energyg 598742.2 ETB has been lostThis amount of money has

negative impact on the economic growth of our country.

Finally, based on the data analysis fbkowing conclusions havderived.

@ The paver reliability of the Awash7 ilo city feeder line, L1does not meet the
requirements set e Ethiopian Electric Agency (EEA).

@ The power reliability indices of Awash7 kilo city feeder line, Llis nota good
performanceas compared to the international reliability indices of Jeegerienced
countries.

@ In the study areaf city feeder line, Llhashigh unavailability of services in the
system.

@ Theimpactof planned and unphned outages in the existing power grid of Awash7

kilo city feeder line, Lhasmore loss of unsupplied energy.
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CHAPTER FOUR
RESULT AND DISCUSSION

4.1 Introduction

This chaptepresents thexplanationof the modelingandsimulationof the existing system
with different mitigation alternati#scenarios to improve the system reliability of the Awash7
kilo city feeder lineat a reasonable cosDifferent scenarig have been analyzed Bl AP
12.6 Softwaresimulation. The simulation focuses ewaluating the impact of using reclosers

and reconfiguration of the feeder the reliability of the system.

Recloseris a device that is used in overhead distribution systems to interrupt the circuit to
clear faults Automatic recloserbave electronicontrol sensrs and vacuum interrupters that
automatically reclose to restore service if a fault is temporary. There are several attempts that
may be made to clear and energize the circuit and fathestill existstherecloser locks out.

In thisthesisthreephaseReclosers arasedfor enhancement giower distribution reliability

The Reclosers incorporated protective relaying equipment can be set to trip at specific
overcurrent conditions and reclose at specific time intervals. After a dinguand settled

time delay, theRecloser automatically renergizes the circuit. Reclosers are typically set to

trip and reclose two or three times befoteckout condition occurshe Lockout means that

a person working on the line must manually réisetrecloser for power to be restored. If the

fault condition clears before the recloser lcoks, the protective relaying resets back to the
start of the sequence. Reclosers can also be tripped manually. This allows the recloser to be

used as a loadre& switch [Z7].

Recloser allows utilities to implement automatic back feed restoration (loop automation), fault
finding and fault isolation. The device is also equipped with precise timing parameters
allowing protection coordination time between devicebdaminimized. Automatic circuit
reclosers are designed for use on overhead distribution lines as well as distribution substation
applications for different voltage classes likeKl\8, 27 KV and 38KV [27]. In thisthesisa

15 KV Recloselhas been selectdrhsed on theapacity of the Awashcity feeder line

Place ancanumber of automatiReclosers are chosen by consideramgumber of customers,

feeder lengththe sensitivity of the area and economic benefits. The reliability indices SAIFI,
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SAIDI and costbenefits would be the main drivers for comparison of the alternatives using

the heuristic technique.

In this study a Nu-Lec 15KV outdoor pole mounted automatic circRcloseris selected
for simulation The Recloser allows protection coordination with other devices and is
applicable in the real worldNu-Lec industries ar&chneider electricore business unit for

recloser technology2B].

4.2 Procedure for Distribution Reliability Analysis by ETAP Software

The reliability analysis isonductedoy performing the following procedures in ETAP12.6.0

software

Modelingof one-line diagram of the existing systamingthe software
Identify and input relevargarameters fothe simulation.
Specify ype and operation characteristicdlué protedion devices.

Specify potection coordination and switching sequence

M T T T M

ConductLoad flow, short circuit and reliability assessmginulations.

4.3 System Modeling

In this thesisElectrical Transient Analys Program (ETAP 12.6.0 version) software has been
used as a design, simulation and reliability assessment analysis tool. Load flow and short

circuit analysis used for the study has been calculated.

To predict the reliability indices of Awaskkilo distribution system, values of failure rates

and mean time to repair for each component of static loads are necessary. To estimate the
failure rate of the line per kilometer, the total number of outages should be divided by the
feeder lengthkilometers) a indicated in equatio(l). The average mean time to repair

(MTTR) each failure is computed using equatidrg).

[ A= (Int./km.year) (4.2)

MTTR= (Hr./Int.) (4.2)

By using equiion (4.1) andequation(4.2), the basic reliabity parameters used in ETAP
software for reliability analysis are calculated as foiow
ea= 414005= 3.94 (Int./km.year)andMTTR= 319.67/414 = 0.77 (Hr./Int.)
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To estimate the failure rate of a component ETAP 12.6.0 uses a combination ofeagtive

and passivéen) failure rates togetheilhe active failure rate ithe number of failures per

year per unit length. The active failure rate is associated with the component failure mode that
causes the operation of the primary protection zone around the failed comtoocanss

the removal of the other healthy componeams branches from service, after the actively
failed component is isolated, and the protection breakers are reclosed. This leads to service
being restored to some or all of the load points. It should be noted, however, that the failed
component itself (anthose components that are directly connected to this failed component)
could be restored to service only after repair or replacerbatpassive failure raigey) is

the number of failures per year per unit length of the feeder. The passive failure rate is
associated with the component failure mode that does not cause the operation of protection
breakers and therefore does not have an impact on the remaining heathgnents.
Repairing or replacing the failed component will restore service [ETAP Software Library].
As there is no means of i sol gi$assuged aspacin f i c

the model.

The AwaslT kilo city feeder (15 KV) has beeromstructed by 50nn?, sevenstranded,
Aluminum Conductor (ALC). This almost equals with ICEA three phase AL Condactor
Code AL 50 mm, which is found in ETAP Library. The overhead thygease line mounted
on wooden pokeof height 12meterswith a triangular configuration. All the distribution

transformers are pole mounted, liquid fill type and Oil Natural Air Natural (ONAN) classes.

In order to modelinghe existing city distribution line and to analyze the current distribution
reliability statusthe following assumptions haveenconsidered aan input in ETAP 16.0
software
F The city line data,
Cable length,
Number of customers,
The connected load
Number ofthetransformer for each load point withe rating,
Active Failure rate

Duration ofinterruption in hours

M T T T T M M

Frequency of interruption
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Figure 41: System modeling of the Awash7 kilo city feeder line, L1

Legends

SL1-SL35= Segmented Line of the Feeder
L1-L26= Load Points on each Transformers
T1-T26= Transformers

CB1= Circuit breaker
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Figure4.2 shows th@rojecteditor view, with the reliability page open. Parameters used

in designing and analysis for the reliability of any system are those shown on this page.
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Table4.1: Simulation result of reliability indices faxisting system

|
Project: Power Reliabtlity Improvement ETAP

Page: |
Location:  Awash7 Kilo, Afar, Ethiopia 12.6.0H Date: 13-04-2018
Contract: 0914352233 SN:
Engneer: Jemal Mohammed Amin Study Case:  Existing RA Reviston: Base
Filename: Awazh City Confiz.  Normal

SUMMARY

stem Indexes

SAIFT  414.0447 £/ customer.yr
SAIDI 3202035 hr/ customer yr
CAIDT  0.771 hr/ customer inferruption
ASAL  09635Pu

ASUT  0.03646 Pu

EENS 13584 MWhe/yr
SAIFT System Average Inferruption Frequency

Index

SAIDI  System Average Interruption Duration
Index

CAIDI  Customer Average Interruption
Duration Index

ASAT Average service Availability Index
ASUT Average Service Unavailability Index
EENS Expected Energy Not Supplied

Table4.1 shows that the designed system has givenithigas reliability indices output values
as found from the average of three years interruption data of Awdstcity. The two basic

reliability indices, system average interruptidrequencyindex and system average

interruption durationndex are 414.0 and 320.2 respectively.
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4.4 Simulation and Result Analysis of Feeder Reconfiguration for Awash7

This part shows the simulation analysis of the distribution system with difféxeder
reconfiguration and recloser include in the model built above to evaluate their impact on the

power reliability of the system.

4.4.1Scenaric 1: Using oneRecloser onthe Distribution line

Every necessary paramefeonnected load, number of customearable length and active
failure rate are the major onasjed for distribution system reliability analyssntered in
the ETAP software. The interruptiotiata of years from 2@116to 2017/18 G.Care used as
a bag year. As per the data found from the customer service centetal number of
customers currently connected to #hwash/ city feederareabout4,819. The Reclogr R1

has been placed dheline (SL19 as shown irFigure 44.

Table 42: Input Reliability parameters to ETAP Software for Scenario

Substation Source Type | Active | Passive| MTTR | Switch | Replace
component Failure | Failure | (hr.) Time | Time
Rate Rate (hr.) (hr.)
(flyr) | (flyr.)
Transformet | IEEESd493 | Liquid | 0.0130 | 0.0130 | 367.00 | 367.00 | 71.50
1990 Fill 15
KV
Transformer2 | IEEESd493 | Liquid | 0.0130 | 0.0130 | 367.00 | 367.00 | 71.50
1990 Fill 15
KV
Circuit IEEESd493 | Fixed | 0.0030 | 0.0045 | 54.20 |54.20 | 3.90
Breaker 1997
Recloser 1 IEEESd493 | 3phase| 0.0037 | 0.003 | 149.3 |34 10
1997 Oil Fill
15 KV
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Figure 44 Single line diagram using one Recloser on Distribution line for Sce+fario
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Table4.3: Simulation result of reliability indices for Scenafio

Bt Bormrar Bada il Imperonmament ETAF Bage: 1
Location: AwashT Kilo, Afsr, Féhviorda 11 60H Cats: I6-05-101%
Comtract 091435113 aN-
Eapinsar: Jama] Mobammed fomin . o om . Ravision: Ease
Flasams: Relobiliny frady Case: Seemirio LRA Cogfin:  Normad
SUMMARY
e Indexas

AATFT 40079/ cosiomesyr

AATDT 96079 b/ cuiomesyr

CAIDT 098] &/ comiommes stessmpiion
ASAl  09TER

ASUL  Q0I611Ps

EENE ISHATOMW br/w

AATF] Svsiem Average Ioesropiion Frequey
Index

AT Sysiem Awvag [mempicn Doatios
Index

CAITT Cosiomer Aveag Tmisrmapiicn Droratios
Index

ASAT Average sarvice Availabiliny Iodex
ASUT Average Senvice Umaadlsbily Index
EENS Fxpecied EnargyNot Supplisd

Table4.3 (Scenariol), is the screenshot for a model with dRecloser in the feeder. As can
be seen from the table, tHReclosertogether with the substation breaker significantly
improves the reliability of the system. The expected number of outages pehgsdreen
reduced from 24.00to 234.0079(43.4®% system reliabilityhasimproved, the anndal outage
duration has been reduced from 319.67289.6079 hours (28.26 reduction in outage
duration) as compareavith the existing systemln scenariel the reliability of Awash7 city
feeder is improved by 43.47%, 28.2% &@12%for SAIFI, SAIDI and EENS respectively.
And also thenterruption energy cosor (Scenariel) can be calculated ,as
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Interruption cost554.470MWh x 1000 x0.4409 ETBKWh = 244,465.823. Therefore the
interruption energy costasbeen decreased frof®8,766.4 to 244,465.823 ETBper year

4.4.2Scenaric 2: Using Two Recloser onthe Distribution line

In this particular Scenarjohe effect of using twdkecloses on the distribution system has
been presente®ne of the twdRecloses has been placed dhe line (SL19) as revealed in
Scenariel, andsecondRecloser(R2) hasbeen placed ithe existing Awash kilo city to
Argoba Weredaihe (SL30)which is 15 Km far away from the substation apdwer
reliability problem is serious for this line.

Table4 4: Input Reliability parameters to ETAP Software for Scenario

Substation Source Type | Active | Passive| MTTR | Switch | Replace
component Failure | Failure | (hr.) Time | Time
Rate Rate (hr.) (hr.)
(flyr) | (flyr.)
Transformet | IEEESd493 | Liquid | 0.0130 | 0.0130 | 367.00 | 367.00 | 71.50
1990 Fill 15
KV
Transformer2 | IEEESd493 | Liquid | 0.0130 | 0.0130 | 367.00 | 367.00 | 71.50
1990 Fill 15
KV
Circuit IEEESd493 | Fixed | 0.0030 | 0.0045 | 54.20 |54.20 |3.90
Breaker 1997
Recloserl IEEESd493 | 3phase| 0.0037 | 0.003 |149.3 |34 10
1997 Oil Fill
15 KV
Recloser2 IEEESd493 | 3phase| 0.0037 | 0.003 | 149.3 | 34 10
1997 Oil Fill
15 KV
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Figure 45: Single linediagram using two Reclosers on Distribution line for Scenario
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