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Abstract: Distribution reliability indices and factors that affect their calculations are defined in this
guide. The indices are intended to apply to distribution systems, substations, circuits, and defined
regions.

Keywords: circuits, distribution reliability indices, distribution systems, electric power, IEEE 1366,
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Notice to users

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and
private uses. These include both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of engineering practices and methods. By making this
document available for use and adoption by public authorities and private users, the IEEE does not waive
any rights in copyright to this document.

Updating of IEEE documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether
a given document is the current edition and whether it has been amended through the issuance of
amendments, corrigenda, or errata, visit the IEEE-SA Website at http://standards.ieee.org/index.html or
contact the IEEE at the address listed previously. For more information about the IEEE Standards
Association or the IEEE standards development process, visit the IEEE-SA Website at
http://standards.ieee.org/index.html.

Errata

Errata, if any, for this and all other standards can be accessed at the following URL:
http://standards.iece.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA Website at http://standards.iecee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.
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Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
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determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility. Further information may be obtained from the IEEE Standards Association.
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Introduction

| This introduction is not part of IEEE Std 1366-2012, IEEE Guide for Electric Power Distribution Reliability Indices. |

This guide was originally developed in 1998 to create indices specifically designed for distribution systems.
Other groups have created indices for transmission and industrial systems, but none were available for
distribution. This group will continue working in this area by refining the information contained in this
guide.

This guide was updated in the 2003 revision to clarify existing definitions and to introduce a statistically
based definition for classification of Major Event Days. The working group created a methodology, 2.5
Beta Method, for determination of Major Event Days. Once days are classified as normal or Major Event
Days, appropriate analysis and reporting can be conducted.

This 2012 revision of the guide clarified several of the definitions and introduced two new indices. The
new indices are CELID-s and CELID-t, customers experiencing long interruption durations (both single and
total). A section was also added to explain the investigation of catastrophic days.
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IEEE Std 1366™-2012 2003

IEEE Guide for Electric Power Distribution Reliability Indices

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or

environmental protection, or ensure against interference with or from other devices or networks.

Implementers of IEEE Standards documents are responsible for determining and complying with all

appropriate safety, security, environmental, health, and interference protection practices and all

applicable laws and regqulations.

This IEEE document is made available for use subject to important notices and legal

disclaimers. These notices and disclaimers appear in all publications containing this document and

may be found under the heading “Important Notice” or “Important Notices and Disclaimers

Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at

htip://standards.iecee.org/IPR/disclaimers.html.

1. Overview

1.1 Introduction

This full-use guide has been updated to clarify existing definitions, introduce two additional

reliability indices, and add a discussion of Major Event Days and catastrophic days (see 5.3).
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1.2 Scope

This guide identifies distribution reliability indices and factors that affect their calculation. It
includes indices, which are useful today, as well as ones that may be useful in the future. The

indices are intended to apply to distribution systems, substations, circuits, and defined regions.

1.3 Purpose

The purpose of this guide is twofold. First, it is to present a set of terms and definitions which can
be used to foster uniformity in the development of distribution service reliability indices, to identify
factors which affect the indices, and to aid in consistent reporting practices among utilities.
Secondly, it is to provide guidance for new personnel in the reliability area and to provide tools for
internal as well as external comparisons. In the past, other groups have defined reliability indices
for transmission, generation, and distribution but some of the definitions already in use are not

specific enough to be wholly adopted for distribution. Users of this guide should recognize that not

all utilities would have the data available to calculate all the indices.
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Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards

Dictionary: Glossary of Terms and Definitions' should be consulted for terms not defined in this clause.

connected load: Connected transformer kA —peak—lead; or metered demand (to be clearly

specified when reporting) on the circuit or portion of circuit thatis interrupted. When reporting, the

report should state whether it is based on an annual peak or on a reporting period peak.

customer: A metered electrical service point for which an active bill account is established at a

specific location fe-g—premise).

customer count: The number of customers either served or interrupted, depending on usage.

distribution system: That portion of an electric system that delivers electric energy from

transformation points on the transmission system to the customer.

lIEEE Standards Dictionary: Glossary of Terms and Definitions is available at http://shop.ieee.org.
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NOTE—The distribution system is generally considered to be anything from the distribution
substation fence to the customer meter. Often the initial overcurrent protection and voltage

regulators are within the substation fence and are considered te—be part of the distribution systelrn.z

forced outage: The state of a component when it is not available to perform its intended function

due to an unplanned event directly associated with that component.

interrupting device: A interrupting device is-a-devicewhesepurpeseds to stop interrupt the flow
of power, usually in response to a fault. Operation Resteration of the device serviee—or

diseonneetion—ofJoads can be accomplished by manual, automatic, or remotely meter operated
methods. Examples include transmission—eirenitbreakersHeeder circuit breakers, line reclosers, line
fuses, disconnect switches, sectionalizers, meter-operated and/or others.

interruption: The total loss of electric power on one or more normally energized conductors
serviee to one or more customers connected to the distribution portion of the system. This does not

include any of the power quality issues such as: sags, swells, impulses, or harmonics. H-is+theresult

- See also: outage.

interruption duration: The time period from the initiation of an interruption te—a—eustomer

until service has been restored to the affected hat customers.

NOTE —The process of restoration may require restoring service to small sections of the system until

service has been restored to all customers. See 4.3.2 for a step-restoration example. Each of these

individual steps should be tracked, collecting the start time, end time, and number of customers

interrupted for each step.

2 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to

implement this standard.
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interruptions caused by events outside of the distribution system: Outages that occur on
generation, transmission, substations, or customer facilities that result in the interruption of service
to one or more customers. While generally a small portion of the number of interruption events,
these interruptions can affect a large number of customers and may last for a exeeedirnghy long time
duration.

lockout: When a reclosing interrupting device is in the open position and no further operations of

that device are allowed without manual intervention.

Major Event: Designates an event that exceeds reasonable design and or operational limits of the

electric power system. A Major Event includes at least one Major Event Day (MED)}. See also: Major

Event Day.

Major Event Day (MED): A day in which the daily system System Average Interruption Duration

Index (SAIDI) exceeds a Major Event Day threshold value—Fasrp. For the purposes of calculating
daily system SAIDI, any interruption that spans multiple calendar days is accrued to the day on
which theinterruption began. Statistically, days having a daily system SAIDI greater than TMED
are days on which the energy delivery system experienced stresses beyond that normally expected

(such as during severe weather). Activities that occur on Major Event Days should be separately

analyzed and reported. {See 45}

NOTE —See Major Event Day classification in 3.5.
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momentary interruption: The brief loss of power delivery to one or more customers caused by

the opening and closing sirgle operation of an interrupting device that—results—in-a—voltagezere-

NOTE Eer—example — Two circuit breaker or recloser operations (each operation being an open
followed by a close) that briefly mementarily interrupt service to one or more customers are defined

as two momentary interruptions.

momentary interruption event: An interruption of duration limited to the period required to

restore service by an interrupting device.

NOTE 1—Such switching operations must be completed within a specified time of five minutes or
less. This definition includes all reclosing operations that occur within five minutes of the first

interruption.

NOTE 2 Eer—example —If a recloser or circuit breaker operates two, three, or four times and then
holds (within five minutes of the first operation), those momentary interruptions shall be

considered one momentary interruption event.

Outage (eleetrie pewer—systems): The state loss of ability of a component to deliver power wher—it

NOTE 1—An outage may or may not cause an interruption of service to customers, depending on

system configuration.

NOTE 2—This definition derives from transmission and distribution applications and does not

apply to generation outages.
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planned interruption: Theloss of electric power to one or more customers that results when from a

planned outage

NOTE 1—This derives from transmission and distribution applications and does not apply to

generation interruptions.

NOTE 2—The key test to determine if an interruption should be classified as a planned or

unplanned interruption is as follows: If it is possible to defer the interruption, then the

interruption is a planned interruption; otherwise, the interruption is an unplanned interruption.

planned outage: The intentional disabling of a component’s capability to deliver power, done at a

preselected time, usually for the purposes of construction, preventative maintenance, or repair.

reporting period: The time period from which interruption data is to be included in reliability index
calculations. The beginning and end dates and times should be clearly indicated. All events that
begin within theindicated time period should be included. A consistent reporting period should be
used when comparing the performance of different distribution systems (typically one calendar
year) or when comparing the performance of a single distribution system over an extended period of

time. The reporting period is assumed to be one year, unless otherwise stated.

step restoration: The process of restoring all interrupted customers dewnstream—from—the
interrupting devieelcomponent in stages over time.

sustained interruption: Any interruption not classified as a part of a momentary event. That

is, any interruption that lasts more than five minutes.
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total number of customers served: The average number of customers served during the reporting

period. If a different customer total is used, it must be clearly defined within the report.

unplanned interruption: Theloss of electric power to one or more customers that does not result

from a planned outage. An—interruption—eaused-byan—unplanned outage:

3. Definitions of reliability indices

3.1 Basic factors

The basic factors defined below specify the data needed to calculate the reliability indices.

NOTE —The subscript ‘i” denotes an interruption event.

CI Customers interrupted

CMI Customer minutes of interruption

E= Events

T= Fotal

CN Total number of distinct customers who have experienced a sustained interruption

during the reporting period

CN(k=n) Total number of customers who have experienced n or more sustained

interruptions during the reporting period
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CN(k>S)

CN(k>T)

CNT(k=n)

IM;

IME

Li

LT

Ni

Nmi

NT

Total number of customers that experienced S or more hours duration

Total number of customers that experienced T or more hours duration

Total number of customers who have experienced n or more sustained

interruptions and momentary interruption events during the reporting period

Event

Number of momentary interruptions

Number of momentary interruption events

Number of interruptions experienced by an individual customer in the reporting

period

Connected kVA load interrupted for each interruption event

Total connected kVA load served

Number of interrupted customers for each sustained interruption event during the

reporting period

Number of interrupted customers for each momentary interruption event during the

reporting period

Total number of customers served for the area
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ri Restoration time for each interruption event

TMED Major Event Day threshold

3.2 Sustained interruption indices

3.2.1 SAIFI: System Average Interruption Frequency Index

The System Average Interruption Frequency Index (SAIFI) indicates how often the average
customer experiences a sustained interruption over a predefined period of time. Mathematically,

this is given in Eq. (1).

_ X Total Number of Customers Interrupted

SATFI (1)
Total Number of Customers Served
To calculate the index, use Eq. (2) below
IN. I
N N
sarfFi= T = T 2)

3.2.2 SAIDI: System Average Interruption Duration Index

The System Average Interruption Duration Index (SAIDI) indicates the total duration of interruption

for the average customer during a predefined period of time. It is commonly measured in ewstomer

minutes or ewsterer hours of interruption. Mathematically, this is given in Eq. (3).
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¥ Customer Minutes of Interruption

gAIDI= Total Number of Customers Served (3)

To calculate the index, use Eq. (4).

TN .
SAIDI= —11L _ Ml ()
Np Nr

3.2.3 CAIDI: Customer Average Interruption Duration Index

The Customer Average Interruption Duration Index (CAIDI) represents the average time required to

restore service. Mathematically, this is given in Eq. (5).

CMI
¥ Customer Minutes of Interruption CI
CAIDI = = (5)
Total Number of Customers Interrupted
_ 5 Customer Interruption Duration
CAIDI = —— : (5)
Total Number of Customers Interrupted
To calculate the index, use Eq. (6).
Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 14:47:59 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1366-2012


http://www.avadocuments.com/doc/ieee-1366-2012
http://www.avadocuments.com/doc/ieee-1366-2012

CAIDI= 1 (6)

3.2.4 CTAIDI: Customer Total Average Interruption Duration Index

The Customer Total Average Interruption Duration Index (CTAIDI) represents the total time in the
reporting period that average customers who actually experienced an interruption were without
power. This index is a hybrid of CAIDI and is similarly calculated, except that those customers with

multiple interruptions are counted only once. Mathematically, this is given in Eq. (7).

¥ Customer Interruption Durations
CTAIDI=

(7
Total Number of Distinct Customers Interrupted
To calculate the index, use Eq. (8).
TN
CMI
CTAIDI= CN = (8)
CI
>
CTAIDI = 8
CN (8)

NOTE —In tallying Total Number of Customers Interrupted, each individual customer should be
counted only once regardless of the number of times interrupted during the reporting period. This

applies to definitions provided in 3.2.4 and 3.2.5.
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3.2.5 CAIFI: Customer Average Interruption Frequency Index

The Customer Average Interruption Frequency Index (CAIFI) gives the average frequency of

sustained interruptions for those customers experiencing sustained interruptions. The customer is
counted once, regardless of the number of times interrupted for this calculation. Mathematically,

this is given in Eq. (9).

% Total Number of Customer Interruptions
CAIFI = — )]
Total Number of Distinct Customers Interrupted

To calculate the index, use Equation (10)

rN.
1
- CI
carFi= CN = n (10)
A
YN
CAIFI = m_; (10)

3.2.6 ASAI: Average Service Availability Index

The Average Service Availability Index (ASAI) represents the fraction of time (often in percentage)
that a customer has received power during the defined reporting period. Mathematically, this is

given in Eq. (11).
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Customer Hours Service Availability

AsAT= Customer Hours Service Demand (11)

To calculate the index, use Eq. (12).

NT * (Number of hours/yr) - T r.N.
11

N__ x (Number of hours/vr)
ASAT= T (12)

NOTE —There are 8 760 hours in a non-leap year and 8 784 hours in a leap year.

3.2.7 CEMIn: Customers Experiencing Multiple Interruptions

The Customers Experiencing Multiple Interruptions Index (CEMIp ) indicates the ratio of individual

customers experiencing n or more than sustained interruptions to the total number of customers

served. Mathematically, this is given in Eq. (13).

Total Number of Customers that experienced n or more sustained interruptions
CEMI, = (13)
Total Number of Customers Served

To calculate the index, use Eq. (14).

-
CEML = ————— (14)
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