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ABSTRACT

A distribution system is the part of an overall power system which links the bulk system to the individual customers. The primary goal of any distribution system is to supply reliable and quality power to the customers economically. The reliability indices like SAIFI, CAIDI, and ASAI and so on are very important performance indices which need to be satisfied from customer point of view. Calculation of these indices is essential to assess the reliability of a distribution system.
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1. INTRODUCTION

Electric system reliability is a measure of the system’s ability to meet the electricity needs of customers [1, 2]. It is a term used by electric system planners and operators to measure aggregate system conditions, and as an aggregate measure, it generally applies to entire service territories or control regions. As such, the reliability of the electric system depends on the reliability of that system’s component parts, including, for example, power plants, transmission lines, substations, and distribution feeder lines. To help ensure a reliable system, planners and operators prefer having as much redundancy in these components as can be justified economically. 

System reliability is also dependent on events that affect daily operations, including the decisions made by grid operators in real-time in response to changing system conditions. Operators like to have as much real time, and location-specific information as they can get about system conditions, as well as the ability to control power flows and dispatch power plants to enable effective response when problems occur. Weather is the primary reason for reliability problems, and includes problems caused by lightning strikes, high winds, snowfall, ice, and unexpectedly hot weather. The goal of both planners and operators is to have as resilient a system as possible that can adjust to problems without causing major consequences, and that when outages do occur, they are short-lived and affect the fewest number of customers as possible.
2. DISTRIBUTION SYSTEM

That part of power system which distributes electric power for local use is known as “distribution system”.


It mainly consists of three parts. Those are,

I. feeders 

II. distributor
III. service mains

Feeders: - it is a conductor which connects the substation to the area where power is distributed.
Distributor: - it is a conductor from which tapings are taken for supply to the consumers.

Service mains: - it is generally a small cable which connects the distributor to 

consumer’s terminal.

Requirements of a good distribution system: -
I. Proper voltage – it ensures less variable voltage at the consumer’s terminal.

II. Availability of power on demand – it must be capable of supplying load     demands of the consumers.

III.  Reliability – as modern industries, office buildings and homes constantly require electric power the distribution system has to be reliable.
3. RELAIBILITY
In simple words, “Reliability is the ability of the power delivery system to provide uninterrupted service to the consumers”.
Reliability may be defined in many ways for any system. This is true for electric power systems, generally, and electric power distribution systems, in particular. The definitions of reliability in the literature address some common aspects of electric power systems. These include continuity of service, meeting customer demands, and the vulnerability of the power system. 
Reliability concerns are often split into three categories: adequacy, or the capacity and energy to meet demand; security, or the ability to withstand disturbances; and quality, or acceptable frequency, voltage, and harmonic characteristics. Reliability cannot be discussed apart from the objectives of the system. The goals of the distribution system may be identified as (1) covering the territory (an aspect of adequacy), (2) having sufficient capacity for peak demand (another aspect of adequacy), (3) being able to operate under adverse conditions (security), and (4) providing a stable voltage (quality). Thus, the goals of the distribution system are congruent with reliability concerns [3]. 
The North American Reliability Council provides a Glossary of Terms. Reliability and the concepts of adequacy and security are defined there as follows (NERC Glossary of Terms):

Reliability: The degree of performance of the elements of the bulk electric system that results in electricity being delivered to customers within accepted standards and in the amount desired. Reliability may be measured by the frequency, duration, and magnitude of adverse effects on the electric supply. Electric system reliability can be addressed by considering two basic and functional aspects of the electric system: adequacy and security.
Adequacy: the ability of the electric system to supply the aggregate electrical demand and energy requirements of the customers at all times, taking into account scheduled and reasonably expected unscheduled outages of system elements.

Security: the ability of the electric system to withstand sudden disturbances such as electric short circuits or unanticipated loss of system elements. A more analytic definition, one possibly more often applied to generation, sets reliability to one minus the probability of system failure, or the inability to meet load. This probabilistic view uses the availability as an indicator of reliability, where availability is the steady-state probability that a component is in service. Another approach taken is to define reliability through indices.
4. PERSPECTIVES ON RELIABILITY

The appropriate definitions of reliability may vary with respect to the perspective taken of the system. The figure below summarizes the varying concerns of different constituents, including the perspectives of the separate parts of the electric power system that are individually responsible for generation, transmission, and distribution.
4.1 The Customer Perspective
The customer perspective is fundamental. The customer, or user, experiences outages. The occurrence of an outage indicates that service reliability is not perfect. That is, service reliability measures the degree to which customers experience service outages. One should note that the words "outage" and "interruption" are frequently used interchangeably in the literature, but often they mean separate things. The important distinction is between equipment outages, as observed and recorded by operators, and interruptions of service to the customer. Clearly, an equipment outage need not cause a service interruption; planned maintenance is an example of such an equipment outage. We will try to clarify the difference in this report by using qualifiers such as "service outage" or "equipment outage" or "service interruption." In addition to its obvious consequences to customers, poor service reliability raises public concerns with respect to noneconomic attributes such as health. Reliability concerns of customers depend on their end-use patterns. Some survey data indicate that customers associate service reliability with restoration time and how accessible and responsive the utility is during interruptions. Nevertheless, although customers value service reliability, they may fail to understand the direct relationship between quality of service and cost of service. 

4.2 The Utility Perspective

The utility perspective may differ from the customer or user perspective. The definition of reliability for the utility should be related to that of the end user, the customer. The precise relationship is neither clear nor uniform. Indeed, most utilities define reliability as service reliability, which is the reliability on the service side of customer load points, rather than supply reliability, which is reliability on the supply side.  The supply side of customer load points includes not only distribution equipment but also generation and transmission system assets and performance. Reliability on the supply side of customer load points is determined by the availability of utility equipment. Clearly, the availability of equipment in the distribution, transmission, and generation subsystems is related to service reliability, but equipment outages do not correspond directly to loss of continuity of service, since customers can be served by alternate supply assets. It is also important to note that the maintenance policies adopted by utilities may reflect different perspectives on reliability. A utility that is focused on customer interruptions--service reliability--will adopt such policies as Reliability Centered Maintenance (RCM), which are driven by concerns about the effects of customer interruptions. A utility that is focused on supply reliability, with particular attention to distribution system equipment, will adopt maintenance policies that are driven by equipment availability criteria that may be set without regard to customer values or needs.

4.3 Other Perspectives

Others involved with the utility may have still different attitudes towards reliability. A utility planner will be concerned with the perception of the public; the public apparently, and naturally, given past performance, claims a right to service reliability. The planner will try to have the utility perform above average with respect to reliability, but will recognize that being the best may not be cost effective. A standard such as 4 outages a year and no more than 4 to 8 hours duration may be used to indicate when worries about public perception should begin. Utility investors, on the other hand, are concerned only with how reliability affects return. Utility management might take the approach that service interruptions are inevitable, and, if they happen, a rate increase can be requested. Utility engineers will most likely also see both service interruptions and component outages as inevitable and are concerned with the connection between the funding of different projects and the resulting reliability performance. Utility engineers will make clear the distinction between a service interruption, or the cessation of electric service or lack of availability, and an equipment outage, or a failure of one or more components of the electric system. This is a distinction that is unimportant to a customer, who knows only interruptions. Furthermore, potential service interruptions that occur when power is not being used — for example, when a store is closed and no clocks are plugged in—would be unimportant to a customer. To utility design engineers, reliability may be reflected in the tests they set for equipment and the safety margins they set for the establishment of suitable designs. The design of such tests and the setting of such margins are based on assessments of future uncertainty in the pursuit of reliability. As noted at the beginning of this section, these considerations from the various perspectives are summarized in the following figure, which is taken, unedited, from the referenced report. The figure combines (a) indices and other indicators of reliability (CAIFI, SAIFI, etc.), (b) concerns typically expressed with respect to the separate parts of the electric power system (such as stability and frequency of equipment outages) and (c) objectives (such as adequacy of energy supply). This combination of value that can be used to compare and select the best reliability policy among competing policy alternatives.
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Fig. 4.1 - Perspectives on Reliability
5. MOTIVATIONS/OBJECTIVES OF RELIABILITY

1. To gauge/measure customer satisfaction
2.  Improve system performance
3. Basis for network expansion planning
4. Comply with regulatory requirements
5. Determine performance based rate making
6. Maintenance scheduling and Resource allocation
6. RELIABILITY INDICES

Along with the variety of definitions of reliability come a variety of ways to measure it. A metric for reliability is required for assessment of past performance, consideration of reliability in design, and setting of reliability goals. Many indices have been defined as measures of reliability. They measure different aspects of reliability or combinations of different aspects. Only a small number of these are common across several utilities, and the ones that are commonly used are not always defined in the exact same manner.

“Reliability measures dealing with interruptions address three factors: frequency, duration, and extent or severity.” The extent is the number of customers or load affected, which is determined by the layout of the distribution system. Combining the two key factors of frequency and duration into a single appropriate measure may not be possible, so any one index may not be very valuable alone. When assessing reliability, all three factors should be considered. Each reliability index may be important for a different purpose. Different utilities use different sets of indices [4].
6.1 Factors typically considered for reliability indices  
1. The number of customers served and affected;

2. The connected load;

3. The duration of the interruption measured in, minutes, hours, or days;

4. The amount of power (kVA/kW) interrupted; and

5. The frequency of interruptions.
6.2 Types of reliability indices 
There are more than forty reliability indices mentioned in the literature. Some of them are written bellow.

1. Sustained Interruptions Indices

a. System Average Interruption Frequency Index (SAIFI)

b. System Average Interruption Duration Index (SAIDI)

c. Customer Average Interruption Duration Index (CAIDI)

d. Customer Total Average Interruption Duration Index (CTAIDI)

e. Customer Average Interruption Frequency Index (CAIFI)

f. Average Service Availability Index (ASAI)

g. Average System Interruption Frequency Index (ASIFI)

h. Average System Interruption Duration Index (ASIDI)

i. Customers Experiencing Multiple Interruptions (CEMIn)

2. Momentary Interruptions Indices

a. Momentary Average Interruption Frequency Index (MAIFI)

b. Momentary Average Interruption Event Frequency Index (MAIFIE)

c. Customers Experiencing Multiple Sustained Interruptions and

Momentary Interruption Events (CEMSMIn) 

CTAIDI and CAIFI are also important measures of outage duration and interruption frequency experienced by customers. Common indices that measure unavailability include ASUI, the complement of ASAI, and EENS, and AENS, measures of unserved load. Different utility personnel might employ different indices. For example, the planner may consider SAIFI, CAIFI, MAIFI, and MICIF to support decisions about layout and equipment [5].

6.3 Commonly used reliability indices

The estimated system indices in the conducted reliability analysis in this paper are calculated using the following equations:
· System average interruption frequency index, SAIFI
Definition: - it is defined as total number of customer interruptions divided by total number of customer served.
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· Customer average interruption duration index, CAIDI
Definition: - it is defined as sum of customer interruption duration divided by total number of customer interruption.
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· Average service availability index, ASAI
Definition: - it is defined as customer hours of available service divided by customer hours demanded.
   [image: image5.png]R r
§ 8760N,~ T U

=1
As4r=1





· System average interruption duration index, SAIDI
Definition: - it is defined as sum of customer interruption duration divided by total number of customer.
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· Customer average interruption frequency index, CAIFI         
Definition: - it is defined as total number of customer interruptions divided by total number of customers interrupted.
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Where λι is the failure rate, Ui is the annual outage time, Ni is the number of customers at load point i, R is the set of load points in the system and CN is the number of customers interrupted.
6.4 Use of Reliability Indices
A survey of forty-nine utilities by the IEEE mentioned in a 1993 paper resulted in a Distribution Reliability Draft Guideline by the IEEE to promote the standardization of indices.
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Fig 6.1- Use of reliability indices by utility
The figure above presents the use of reliability indices by utilities responding to the above mentioned IEEE survey. 
Most utilities use more than one reliability index.

More than 80% of the surveyed utilities maintained SAIDI records. SAIFI, CAIDI, and ASAI were also widely used.
7. EXAMPLE

Here an example is given to understand more about reliability indices.Table1 summarizes the calculated load point’s indices for all the system load points in all the two study cases. In this table λ is in failures/year, r is in hr/failure and U is in hr/year. The Monte Carlo based mathematical equations used to calculate these indices are as follows [6]:
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Where i refer to the line section and N is the number of transitions between up and down states during the total sample years.
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The calculated load point’s indices for the system are presented in Table 2. Here both the frequency of interruptions λ and the durations of these interruptions are improved  for all load points.    
               [image: image11.png]Table 2. Load point indices for case IT

Tndex.
Load point T : 5
A 215 0.87 195
B 191 114 243
C 168 133 244
D 17 0.89 160
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The average values of the distribution system reliability indices are given in Table 3 for the two study cases. To estimate the values of the reliability indices the mathematical formulae given in section “commonly used reliability indices” are used. The comparison between system indices for case I and Case II indicates that the overall system reliability has improved. This improvement is evident in the reduction of CAIDI when customers experienced less interruption durations and also in the in ASAI where the availability of the system energy at anytime is becomes close to 100%.
              [image: image13.png]Table 3: System reliability indices

System Index
SAIFT
CAIDI
ASAT
SAIDI

Case 1
1.09389
23973
0.9997
2.7090

Case 11
1.0045
21973
0.9998
2.5490




The probability distribution of all the calculated system indices is recorded for the main 8 km feeder and depicted in figures 7.1-7.4. Fig 7.1 portrays the probability distribution of SAIFI weighted by the percentage of customers connected to the load points supplied by this feeder. The corresponding probability distribution of the durations of system interruptions is shown in Fig 7.2. The distribution of the customer interruptions durations each year is given in Fig 7.3. The average system availability probability distribution is illustrated in Fig. 7.4.
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Fig.7.1 The probability distribution of weighted system interruption frequency
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Fig.7.2 The probability distribution of the durations of system interruptions
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Fig. 7.3 The probability distribution of the durations of system interruptions
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Fig. 7.4 The average system availability probability distribution
8. CONCLUSION
Understanding how to correctly apply the IEEE standard reliability indices is the first step in measuring the reliability of an electric distribution system. Major events must be removed from the base data so that reliability measures are not distorted and to help the utility track improvements to the electric system. 
The most difficult part of using reliability indices is to know how to interpret the data and understanding what the performance indices are really saying about the system performance.
Reliability indices such as SAIFI, SAIDI, CAIDI, CAIFI and ASAI are explained and calculated for a simple distribution system containing six load points. After reconfiguring the system it is observed that the reliability is improved.
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