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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the
Institute and serve without compensation. While the IEEE administers the process and establishes rules to promote fairness
in the consensus development process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the
information contained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other
damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting
from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclaims
any express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that
the use of the material contained herein is free from patent infringement. IEEE Standards documents are supplied “AS IS.”

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase, market,
or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the
time a standard is approved and issued is subject to change brought about through developments in the state of the art and
comments received from users of the standard. Every IEEE Standard is subjected to review at least every five years for
revision or reaffirmation. When a document is more than five years old and has not been reaffirmed, it is reasonable to
conclude that its contents, although still of some value, do not wholly reflect the present state of the art. Users are cautioned
to check to determine that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other services
for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other person or
entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the advice of a
competent professional in determining the exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to specific
applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate action to prepare
appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is important to ensure that any
interpretation has also received the concurrence of a balance of interests. For this reason, IEEE and the members of its
societies and Standards Coordinating Committees are not able to provide an instant response to interpretation requests except
in those cases where the matter has previously received formal consideration. At lectures, symposia, seminars, or educational
courses, an individual presenting information on IEEE standards shall make it clear that his or her views should be considered
the personal views of that individual rather than the formal position, explanation, or interpretation of the IEEE.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation with
IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with appropriate
supporting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board

445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331USA

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Institute of
Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To
arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood Drive,
Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.

NOTE−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 with respect to the
existence or validity of any patent rights in connection therewith. The IEEE shall not be responsible for
identifying patents for which a license may be required by an IEEE standard or for conducting inquiries into the
legal validity or scope of those patents that are brought to its attention.
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Introduction

(This introduction is not part of IEEE Std 1366-2003, IEEE Guide for Electric Power Distribution Reliability Indices.)

This Guide has been updated 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. After this document is balloted, the working group will continue to
investigate the major event definition by reviewing catastrophic events and days with zero events to
determine if enhancements are warranted.

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 with respect to the existence or
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying
patents for which license may be required by an IEEE standard or for conducting inquiries into the legal
validity or scope of those patents that are brought to its attention.

Notice to users

Errata

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

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/
index.html.
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IEEE Guide for Electric Power 
Distribution Reliability Indices

1. Overview

1.1 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.

1.2 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. 

2. References

The following standards shall be used, when applicable, in preparing manuscripts. When the following
standard is superseded by an approved revision, the revision shall apply.

IEEE Std. 859™-1987(R2002), IEEE Standard Terms for Reporting and Analyzing Outage Occurrences
and Outage States of Electrical Transmission Facilities.1, 2

IEEE Std 493™-1997(R2002), Recommended Practice for Design of Reliable Industrial and Commercial
Power Systems.

1IEEE Publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway, 
NJ 08855-1331, USA (http://standards.ieee.org/).
2The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.
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3. Definitions

Definitions are given here to aid the user in understanding the factors that affect index calculation. Many of
these definitions were taken directly from The Authoritative Dictionary of IEEE Standards Terms, 7th
Edition [B9]3. If there is a conflict between the definitions in this document and the dictionary, the
definitions in this document take precedence. Others are given because they have a new interpretation within
this document or have not been previously defined.

3.1 connected load: Connected transformer kVA, peak load, or metered demand (to be clearly specified
when reporting) on the circuit or portion of circuit that is interrupted. When reporting, the report should state
whether it is based on an annual peak or on a reporting period peak.

3.2 customer: A metered electrical service point for which an active bill account is established at a specific
location (e.g., premise). 

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

3.4 distribution system: That portion of an electric system that delivers electric energy from transformation
points on the transmission system to the customer. 

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 to be part of the distribution system. 

3.5 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. 

3.6 interrupting device: An interrupting device is a device whose purpose is to interrupt the flow of power,
usually in response to a fault. Restoration of service or disconnection of loads can be accomplished by
manual, automatic, or motor-operated methods. Examples include transmission circuit breakers, feeder
circuit breakers, line reclosers, line fuses, sectionalizers, motor-operated switches or others.

3.7 interruption: The loss of service to one or more customers connected to the distribution portion of the
system. It is the result of one or more component outages, depending on system configuration. See also:
outage.

3.8 interruption duration: The time period from the initiation of an interruption to a customer until service
has been restored to that customer. The process of restoration may require restoring service to small sections
of the system (see 5.3.2) until service has been restored to all customers. Each of these individual steps
should be tracked collecting the start time, end time and number of customers interrupted for each step. 

3.9 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 last for an exceedingly long duration. 

3.10 lockout: Refers to the final operation of a recloser or circuit breaker in an attempt to isolate a persistent
fault, or to the state where all automatic reclosing has stopped. The current-carrying contacts of the
overcurrent protecting device are locked open under these conditions.

3.11 loss of service: A complete loss of voltage on at least one normally energized conductor to one or more
customers. This does not include any of the power quality issues such as: sags, swells, impulses, or
harmonics.

3The numbers in brackets correspond to those of the bibliography in Annex D.
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3.12 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).

3.13 major event day: A day in which the daily system SAIDI exceeds a threshold value, TMED. For the
purposes of calculating daily system SAIDI, any interruption that spans multiple calendar days is accrued to
the day on which the interruption 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
severe weather). Activities that occur on major event days should be separately analyzed and reported. (See
4.5.)

3.14 momentary interruption: A single operation of an interrupting device that results in a voltage zero.
For example, two circuit breaker or recloser operations (each operation being an open followed by a close)
that momentarily interrupts service to one or more customers is defined as two momentary interruptions. 

3.15 momentary interruption event: An interruption of duration limited to the period required to restore
service by an interrupting device.
NOTE—Such switching operations must be completed within a specified time of 5 min or less. This definition includes
all reclosing operations that occur within five minutes of the first interruption. For example, if a recloser or circuit
breaker operates two, three, or four times and then holds (within 5 min of the first operation), those momentary
interruptions shall be considered one momentary interruption event.

3.16 outage (electric power systems): The state of a component when it is not available to perform its
intended function due to some event directly associated with that component. 

NOTE—

(1) An outage may or may not cause an interruption of service to customers, depending on system configuration. 

(2) This definition derives from transmission and distribution applications and does not apply to generation outages.

3.17 planned interruption: A loss of electric power that results when a component is deliberately taken out
of service at a selected time, usually for the purposes of construction, preventative maintenance, or repair. 

NOTE—

(1) This derives from transmission and distribution applications and does not apply to generation interruptions.

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

3.18 planned outage: The state of a component when it is not available to perform its intended function due
to a planned event directly associated with that component.

3.19 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
the indicated 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.

3.20 step restoration: A process of restoring interrupted customers downstream from the interrupting
device/component in stages over time.

3.21 sustained interruption: Any interruption not classified as a part of a momentary event. That is, any
interruption that lasts more than 5 minutes.

3.22 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.

3.23 unplanned interruption: An interruption caused by an unplanned outage. 
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4. Reliability indices

4.1 Basic factors 

These basic factors specify the data needed to calculate the indices.

i denotes an interruption event

ri = Restoration Time for each Interruption Event

CI = Customers Interrupted

CMI = Customer Minutes Interrupted

E = Events

T = Total

IM i = Number of Momentary Interruptions

IM E = Number of Momentary Interruption Events

Ni = Number of Interrupted Customers for each Sustained Interruption event during the 
Reporting Period

Nmi = Number of Interrupted Customers for each Momentary Interruption event during the
Reporting Period

NT = Total Number of Customers Served for the Areas

Li = Connected kVA Load Interrupted for each Interruption Event

LT = Total connected kVA Load Served

CN = Total Number of Customers who have Experienced a Sustained Interruption during the 
Reporting Period

CNT(k>n) = Total Number of Customers who have Experienced more than n Sustained Interruptions 
and Momentary Interruption Events during the Reporting Period.

k = Number of Interruptions Experienced by an Individual Customer in the Reporting Period

TMED = Major event day identification threshold value.

4.2 Sustained interruption indices

4.2.1 System average interruption frequency index (SAIFI)

The system average interruption frequency index indicates how often the average customer experiences a
sustained interruption over a predefined period of time. Mathematically, this is given in Equation (1).
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(1)

To calculate the index, use Equation (2) below.

(2)

4.2.2 System average interruption duration index (SAIDI)

This index indicates the total duration of interruption for the average customer during a predefined period of
time. It is commonly measured in customer minutes or customer hours of interruption. Mathematically, this
is given in Equation (3).

(3)

To calculate the index, use Equation (4).

(4)

4.2.3 Customer average interruption duration index (CAIDI)

CAIDI represents the average time required to restore service. Mathematically, this is given in Equation (5). 

(5)

To calculate the index, use Equation 6.

(6)

4.2.4 Customer total average interruption duration index (CTAIDI)

This index represents the total average time in the reporting period that 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 Equation (7).

(7)

 SAIFI
 Total Number of Customers Interrupted∑

 Total Number of Customers Served
------------------------------------------------------------------------------------------------------=

 SAIFI
Ni∑

NT
----------

 CI
NT
-------= =

 SAIDI
 Customer Interruption Durations∑

 Total Number of Customers Served
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