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Abstract: Described in this guide are protective relay applications involving electric service to
consumers that requires a transformation between the utility’s supply voltage and the consumer’s
utilization voltage. It describes the factors that need to be considered in the design of adequate
protection facilities, outlines modern relay practices, and provides several examples of the
protection of typical utility-consumer interconnections.

Keywords: backup protection, breaker failure relaying, bus protection, electric service, IEEE
C37.95™  non-utility generation, protective relays, transformer protection, utility-consumer
interconnection
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Standards
Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

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

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. 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.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given
IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. 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 of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
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 comments or questions
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE
standard is welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

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

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted 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 these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.

Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, 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.
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Updating of IEEE Standards 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.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten
years old and has not undergone a revision process, 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 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://ieecexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previously. For more
information about the IEEE-SA or IEEE’s standards development process, visit the IEEE-SA Website at
http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL:
http://standards.ieee.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.ieee.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.

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
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
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.

. Documents
Copyright © 2014 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 17:43:03 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.95-2014


http://ieeexplore.ieee.org/xpl/standards.jsp
http://standards.ieee.org/
http://standards.ieee.org/findstds/errata/index.html
http://standards.ieee.org/findstds/errata/index.html
http://standards.ieee.org/about/sasb/patcom/patents.html
http://www.avadocuments.com/doc/ieee-c37-95-2014
http://www.avadocuments.com/doc/ieee-c37-95-2014

Participants

At the time this IEEE guide was completed, the C37.95 Working Group had the following membership:

Jeffrey Barsch
Kenneth Behrendt
Stephen Conrad
Randall Crellin

Mukesh Nagpal, Chair
Charles Mozina, Vice Chair

Daniel Goodrich
Gerald Johnson
Dean Miller

Adi Mulawarman

Frank Plumptre
Meliha Selak
Lubomir Sevov
Sudhir Thakur

The following members of the individual balloting committee voted on this guide. Balloters may have
voted for approval, disapproval, or abstention.

William Ackerman
Ali Al Awazi
Wendy al-Mukdad
Adam Bagby
Thomas Barnes
Jeffrey Barsch

G. Bartok

David Bassett
David Beach
Philip Beaumont
Kenneth Behrendt
Steven Bezner
Wallace Binder
William Bloethe
Shiela Brown
Gustavo Brunello
William Byrd
Thomas Callsen
Paul Cardinal
Keith Chow
Stephen Conrad
Terry Conrad
Randall Crellin
Randall Cunico
Ratan Das
Matthew Davis
Davide DeLuca
Kevin Donahoe
Gary Donner
Randall Dotson
Neal Dowling
Ahmed Elneweihi
Dan Evans
Robert Fletcher
Fredric Friend
Doaa Galal

Frank Gerleve
Mietek Glinkowski

Jalal Gohari
Stephen Grier
Randall Groves
James Harvey
Roger Hedding
Werner Hoelzl
Robert Hoerauf
Jerry Hohn
Gerald Johnson
John Kay

Yuri Khersonsky
James Kinney
Joseph L. Koepfinger
Boris Kogan

Jim Kulchisky
Saumen Kundu
Chung-Yiu Lam
Michael Lauxman
Thomas Lundquist
Bruce Mackie
Omar Mazzoni
Peter Megna
Dean Miller

John Miller
Charles Mozina
Adi Mulawarman
Jerry Murphy

R. Murphy

Edrin Murzaku
Bruce Muschlitz
Pratap Mysore
Mukesh Nagpal
Arthur Neubauer
Michael Newman
Joe Nims

James O’Brien
Lorraine Padden

vi
Copyright © 2014 IEEE. All rights reserved.

Mirko Palazzo
Bansi Patel

Robert Pettigrew
Frank Plumptre
Daniel Leland Ransom
Michael Roberts
Charles Rogers

M. Sachdev
Steven Sano
Bartien Sayogo
Robert Scheurger
Meliha Selak
Lubomir Sevov
Devki Sharma
Hyeong Sim

James Smith

Jerry Smith

Gary Stoedter
Peter Sutherland
James Swank
Michael Swearingen
William Taylor
John Tengdin
David Tepen
Michael Thompson
Demetrios Tziouvaras
Joe Uchiyama

Eric Udren

Gerald Vaughn
John Vergis
William Walter
Daniel Ward
Kenneth White
Roger Whittaker
Philip Winston
Richard Young
Jian Yu

Luis Zambrano

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 17:43:03 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.95-2014


http://www.avadocuments.com/doc/ieee-c37-95-2014
http://www.avadocuments.com/doc/ieee-c37-95-2014

When the IEEE-SA Standards Board approved this guide on 27 March 2014, it had the following

membership:

Peter Balma
Farooq Bari

Ted Burse

Clint Chaplin
Stephen Dukes
Jean-Philippe Faure
Gary Hoffman

*Member Emeritus

John Kulick, Chair
Jon Walter Rosdahl, Vice Chair
Richard H. Hulett, Past Chair
Konstantinos Karachalios, Secretary

Michael Janezic
Jeffrey Katz

Joseph L. Koepfinger*
David J. Law

Hung Ling

Oleg Logvinov

Ted Olsen

Glenn Parsons

Ron Petersen
Adrian Stephens
Peter Sutherland
Yatin Trivedi
Phil Winston
Don Wright

Yu Yuan

Also included are the following nonvoting IEEE-SA Standards Board liaisons:

Richard DeBlasio, DOE Representative
Michael Janezic, NIST Representative

Julie Alessi

Erin Spiewak

IEEE Standards Program Manager, Document Development

IEEE Standards Program Manager, Technical Program Development

vii
Copyright © 2014 IEEE. All rights reserved.

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 17:43:03 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.95-2014


http://www.avadocuments.com/doc/ieee-c37-95-2014
http://www.avadocuments.com/doc/ieee-c37-95-2014

Introduction

This introduction is not part of IEEE Std C37.95™-2014, IEEE Guide for Protective Relaying of Utility-Consumer
Interconnections.

This document is intended to assist engineers in the application of protective relays at the interface between
the utility and consumer systems where there is transformation between the utility’s supply voltage and the
consumer’s utilization voltage. As a practical matter, this guide applies principally to larger commercial
and industrial supply facilities since it deals primarily with systems above 600 V. It is a revision of IEEE
Std C37.95™-2002, IEEE Guide for Protective Relaying of Utility-Consumer Interconnections. This guide
has been updated to reflect current practices, advances in technology, and the impact of non-utility
generation on the utility-consumer interconnection.
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IEEE Guide for Protective Relaying of
Utility-Consumer Interconnections

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 regulations.

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
http://standards.ieee.org/IPR/disclaimers. html.

1. Overview

The point at which the equipment used to provide electrical service to a consumer changes ownership is
usually referred to as the interconnection. However, it is important to remember that the physical laws of
nature, which govern the behavior of electric power systems, apply across ownership boundaries. For a
well-engineered interconnection, therefore, the electric power system protection should be studied and
analyzed critically without regard to ownership.

From the viewpoint of service reliability and service continuity, it is emphasized that the best-conceived
and best-implemented protective relaying system is no substitute for an adequately designed power system.
Similarly, inadequately applied protective relaying will contribute to unsatisfactory performance of an
otherwise well designed power system. In considering a new installation, or changes to an existing
arrangement, it is very important that protective relaying and safety be given careful attention in the early
stages of planning.

1.1 Scope

This guide contains information on a number of different protective relaying practices for the utility-
consumer interconnection. It is intended to cover applications involving service to a consumer that
normally requires a transformation between the utility’s supply voltage and the consumer’s utilization
voltage. Interconnections supplied at the utilization voltage are not covered.

This guide is not intended to supplant specific utility or consumer practices, procedures, requirements, or
any contractual agreement between the utility and consumer. The examples of interconnection protection of
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varying complexities that have been provided are used for illustrative purpose only and do not necessarily
represent the preferred protection under all conditions.

This guide addresses consumers, with or without conventional generation, that are connected to utility
subtransmission or transmission circuits. The specific control schemes associated with generation are not
addressed. It is not intended to apply to consumer generation connected to utility distribution circuits. For
these interconnections, refer to IEEE Std 1547™-2003 [B8]."

1.2 Purpose

The primary purpose of this guide is to help those who are responsible for the application of protective
relaying for the electrical interconnection between utility and consumer systems. It is anticipated that
representatives of the utility, the consumer, and their consultants who are responsible for the specification,
design, and operation of the interconnection will use this guide. Recognizing the diverse audience being
addressed, background information is included in a bibliography to direct the reader to more complete
treatment of the material.

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments or corrigenda) applies.

IEEE Std 315™-1975 (R1993), Graphic Symbols for Electrical and Electronics Diagrams (Including
Reference Designation Letters).>”

IEEE Std C37.2™-2008, Standard Electrical Power System Device Function Numbers, Acronyms and
Contact Designations.

3. Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards
Dictionary Online should be consulted for terms not defined in this clause. *

consumer: The entity that typically purchases power from the utility and may also own generation. For the
purpose of this document, the consumer’s facility is assumed to interconnect to the utility-owned
transmission or sub-transmission system.

electromagnetic transient study: An analysis or calculation that is done to obtain power system
parameters (e.g., voltages, currents, and frequencies) based on transient characteristics of power system
equipment (lines, transformers, capacitors, etc.).

' The numbers in brackets correspond to those of the bibliography in Annex A.
? The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc.
* IEEE publications are available from The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854,

USA (http://standards.ieee.org/).
*IEEE Standards Dictionary Online subscription is available at:

http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html.
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interconnection: The path for power flow between supplier (utility) and user (consumer) comprising of
one or more circuits and includes voltage transformation. The interconnection extends from the nearest
source-side protective device used for switching on the transformer high-voltage side to the transformer
low-side bus and switching devices.

power flow study: An analysis or calculation done to obtain power system parameters (e.g., voltages and
currents) based on the amount of load and generation modeled on the power system model under steady-
state conditions.

reclosing: An automatic closing of an interrupting device after tripping to restore service.

short-circuit study: An analysis or calculation done to obtain power system parameters (e.g., voltages and
currents) due to a fault on the power system model.

stability study: An analysis that studies the effect of a change in voltage angles of a generator on the
stability of operating condition between a generator and its load. The change in voltage can be caused by a
fault, change in load, or loss of generator or line, or combination of any of them.

utility: The entity that owns and/or operates the transmission or sub-transmission system that supplies
power to the consumer’s facility.

X/R ratio: A ratio of reactance (X) to the resistive (R) value of a Thevenin equivalent of a power system’s
model (usually of a fault condition) representing the power system at study.

4. Establishing consumer service requirements and supply methods

4.1 General design approach

The supply that is selected should satisfy the consumer’s load requirements. Available utility supply
options in the area as well as the utility’s design standards and operation and maintenance practices should
also be considered.

4.1.1 Consumer’s load requirements

Prior to meeting with utility personnel, the consumer should define the present and future load
requirements including the connected kVA, the average load, and peak demand power requirements (both
real and reactive). The effect of interruptions and voltage dips on plant operation, the required
dependability and security of the utility’s electrical service, and any other needs that may be unique to the
operation should be determined. The consumer’s engineer should be prepared to discuss these requirements
in detail with utility engineers to ensure that there is a clear understanding of the consumer’s requirements.

4.1.2 Utility service availability

The utility should describe the supply voltages available in the area and estimate the initial and total costs
of the various alternatives. Most utilities establish nominal limits on the load that can be supplied at
different voltage levels. The number of utility supply lines available and the performance level of each line
should be discussed in detail. In addition, the utility should inform the consumer of any required studies,
unusual problems, or future plans that may affect the quality or continuity of service. Some utilities publish
standard information booklets detailing the requirements for service.
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When the consumer has identified critical power requirements, the utility engineer should investigate these
requirements and be certain that both parties have a clear understanding of the effect of interruptions and
voltage dips. The utility may then be able to suggest a supply system that will meet these requirements, or
suggest plant control changes to make the operation more successful.

4.2 Information exchange

Once the supply method is established, a further exchange of information is required so that the station
design can be completed and the utility can make the necessary preparations to supply the service. By
establishing good communication between the utility and the consumer as early as possible, specific
requirements for either a new or modified supply can be identified and included in the initial design before
equipment is ordered.

4.2.1 Typical information furnished by utility

a)  Available utility short-circuit current including values for normal and alternate supply facilities, as
well as any anticipated future values (i.e., range of single- and three-phase-to-ground fault currents,
and associated X/R ratios, at the consumer’s point of service.)

b) Expected minimum, maximum, and nominal voltage at the consumer’s point of service for
available voltage levels

¢) System neutral grounding on customer supply circuit

d)  Outage history of the supply including both forced and maintenance outages

e) Estimated frequency, duration, and magnitude of momentary voltage dips at the consumer’s point
of service

f)  Operating requirements and restraints

g)  Specific protection requirements to coordinate with the utility system

h)  Specific reclosing practices on both normal and alternate supply facilities

i)  Harmonic content, voltage fluctuation, maximum allowable voltage sag during interconnection
transformer energization, and current unbalance limits imposed by the utility

j)  Estimates of voltage harmonic distortion and harmonic current injection from other sources on the
utility system, if requested by the consumer

k) Load shedding requirements

1)  Additional information requested by the consumer, such as

1)  Supply line construction and routing

2)  Supply substation arrangement and location

3)  Utility grounding and lightning protection practices

4)  Metering arrangements and data

5) Requirements for data from the customer devices, communication protocol, and channel
6) Requirements for tele-protection signaling and channel

4.2.2 Typical information furnished by consumer

a) Expected service date (when consumer will be ready for power) and any construction power
requirements

b) Complete one-line and three-line diagrams of plant distribution system

c) Preferred supply voltage

d) Transformer ratings, connections, voltage taps, and impedances

e) Power factor correction capacitor ratings and connections

f)  Available short-circuit current from the consumer at the point of service based on the procedures
outlined in IEEE Std 141™-1993 (R1999) [B4]

g)  Switchgear specifications, including protective relay types and ranges
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h) Motor loads, types, sizes, starting current, contactor data, and frequency of starts, variable
frequency drives (VFD) connected motors with clear statements if VFD are used for starting
control (i.e., by-passed during normal operation) or continuous control

i)  Maximum anticipated voltage sag with its duration due to interconnecting transformer energization,
plant motor starting at point of interconnection for normal or alternative supply facilities

j)  Maximum anticipated voltage swells at point of interconnection for normal or alternative supply
facilities

k) Unusual load characteristics, such as those due to furnaces, thyristors, and other nonlinear loads,
harmonics

1)  Generator and large synchronous motor information, including ratings, impedance data, time
constants, and exciter data

m) Voltage balance requirements

n) Protection and control schematic drawings, as appropriate

0) Point of interconnection physical arrangement drawings

p) Expansion plans, which include projected loads, future substation development, and estimated dates

q) Station ground grid design

r)  Method used to ground neutrals and ratings of the neutral grounding device

s)  Communication protocol preferences for data transmission from the customer devices to the utility
remote system

t)  Qualifications of the consumer’s maintenance personnel

4.2.3 Future utility system changes

The utility should inform the consumer of any substantial utility system changes. For example, the
installation of a large transformer that alters short-circuit currents at the supply point may affect the
consumer’s power system or protection coordination.

4.3 Specific supply considerations

In determining the final supply method, consideration should be given to the design of the interconnection,
the arrangement of the utility’s supply system, its protective relaying requirements, and its maintenance
requirements and responsibilities.

4.3.1 Division of ownership

Individual operating and maintenance philosophies of the consumer and utility may impact electric system
design. Regardless of ownership, however, the protective equipment should be specified and designed to
provide a coordinated system. Proper engineering design must not be compromised, but the protection of
the utility-consumer interconnection facilities should satisfy the objectives of both parties. In all cases, the
protection requirements, equipment specifications, relay settings, fuse ratings, station battery requirements,
and testing procedures should be discussed and agreed upon by both parties.

4.3.2 Supply line reliability

Line length, construction, fault clearing times, and utility transmission system configuration all affect the
supply line reliability. Reliability requirements should be determined based on both long-term and
momentary outages.
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4.3.2.1 Long-term outages

Long-term outages result from equipment failures that require an extended time to repair or replace. If a
utility-consumer interconnection consists of a single circuit supplied from a single source connected to a
single transformer, it is subject to long-term interruptions due to forced or planned outages of the supply
source, line, or transformer. To reduce the possibility of long-term outages, a second supply line may be
considered. This can, for example, be provided by:

a)  Two lines from separate utility sources
b) Two lines derived by sectionalizing an existing utility tie line

Continuity of service can be further enhanced by the addition of a second transformer or provision for a
mobile transformer. The service to the consumer can be arranged so that it is normally provided by one
source with standby supply from the second. This enables restoration of service by automatic or manual
switching operations upon the failure of the principal source of supply. Another alternative is parallel
operation with two full-capacity lines and transformers. These and other supply configurations are covered
in detail in Clause 5.

Alternatively, the consumer may choose to install emergency/standby generation to provide a backup
power source. How this generation is connected and operated may be an important consideration in
designing the utility-consumer interconnection protection and is discussed in detail in Clause 8.

4.3.2.2 Momentary outages and voltage disturbances

Momentary outages are generally caused by a trip of the supply line to the consumer that is quickly
returned to service either by a successful auto-reclosing of the line or by automatically switching to an
alternate source. Depending upon the consumer’s process equipment, this interruption may cause a plant
shut down even with high-speed restoration.

Voltage dips are most often caused by faults on the utility system that do not result in an outage to the
consumer. However, the fault location, type of fault, system configuration, connections of the service
transformer, and the consumer’s load influence the magnitude of these voltage dips. Conversely, voltage
swells may also occur on the unfaulted phases of a three-phase system. Voltage transients may also be
caused by switching operations during non-fault conditions.

It should be recognized that there is no electrical utility supply method that completely eliminates the
possibility of momentary service interruptions or voltage disturbances. The primary cause of service
complaints is the failure to adequately evaluate the effect of interruptions and voltage disturbances on the
consumer’s equipment. Depending on the type of operation, a severe voltage disturbance can disrupt an
industrial process. It is especially critical that the consumer make a careful evaluation of the voltage
requirements of sensitive loads and the electronic systems that provide process control. At this time there is
no standard that quantifies voltage disturbance withstand capability of industrial loads. However, the ITIC
(Information Technology Industry Council) curve, formerly called CBEMA (Computer Business
Equipment Manufacturers Association) curve [B2] may be of some value in this regard. This curve defines
voltage versus time tolerances without any interruption in function for a very limited segment of voltage
sensitive loads, namely information technology equipment operating at 120 V nominal voltage.
Nevertheless, in the absence of clear standards for industrial loads, this curve can be used to determine the
maximum allowable delay for outages or voltage disturbances. In many instances, special means can be
used to make the loads tolerant of adverse voltage conditions on the power system. In other cases, it may be
necessary to install uninterruptible power supplies or other equipment to allow plant facilities to ride
through these periods.

] Documents
Copyright © 2014 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 17:43:03 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.95-2014


http://www.avadocuments.com/doc/ieee-c37-95-2014
http://www.avadocuments.com/doc/ieee-c37-95-2014

IEEE Std C37.95-2014
IEEE Guide for Protective Relaying of Utility-Consumer Interconnections

4.3.3 Interconnection protection requirements

The complexity of the protection used at an interconnection will vary depending upon voltage level, system
configuration, the type and amount of consumer load, and specific requirements of either the consumer or
utility. In a dual supply system, for example, additional relaying may be required to respond to undesirable
power flow from one supply to the other. Clause 9 provides a number of typical schemes that are widely
used within the industry for interconnection protection. Special consideration must also be given to
consumers with large motors or generators as discussed in Clause 7, Clause 8, and Clause 9.

4.3.4 Maintenance and testing

In designing the interconnection system and associated protection scheme, it should be recognized that
periodic maintenance and testing of all facilities is required. Documentation for the equipment to be
maintained and tested should provide sufficient information to the test personnel so they have a clear
understanding of the intent of each protection system. The design should include test blocks and isolation
devices to allow relay calibration and testing using an external source for inputs to the protection and for
making in-service measurements of all input quantities to the relay from instrument transformers. Critical
relay outputs should be available for measurement. In those instances where communication channels are
used in conjunction with protection systems, the design of the communication should be coordinated to
assure that:

a) There is agreement on nomenclature for test and isolation facilities so that a request to isolate a
facility or to initiate a signal is understood by utility and consumer personnel

b) Test switch and isolation devices are provided so appropriate signals can be transmitted and
measured on the channel under test

During periods of maintenance or testing, the reliability of the supply or possibly even the continuity of
service may be affected. This work should be coordinated between the utility and consumer to minimize
any adverse impact. If the consumer cannot tolerate the loss of service for periodic maintenance, the
installation of an alternate supply is required.

4.3.5 Load considerations

The primary concerns in applying protection for faults on the electrical supply systems are to maintain
system integrity and minimize equipment damage. However, the effect of the protection equipment on the
load served should also be considered. For example, the operating time of fuses, protective relays, and fault
interrupting devices determines the time to isolate a faulted piece of equipment. As discussed above, during
a fault an electric system is subjected to voltage disturbances on a wide area of the system. Extended
clearing times can aggravate the effect that these voltage disturbances have on the operation of process
controls, ac contactors, motors, computers, and other electronic devices.

Other considerations include the reclosing practices of the utility. Automatic reclosing can provide prompt
restoration of service following a temporary fault, or to a portion of the system once a permanently faulted
section has been isolated. The consequences of reclosing may be detrimental, however, if the consumer’s
system includes generators or large motors. It is essential that the implications be understood and that
designs are selected to meet the required objectives.

4.3.6 Harmonics

Harmonics can be generated in an electric system by numerous devices. The consumer must be cognizant
of the effect of harmonics on the plant equipment and the utility system (see IEEE Std 519™-1992 [B7]).
Limits may be imposed on the acceptable level of harmonics beyond which corrective action should be
taken. The effect of capacitors should also be considered. Capacitors do not create harmonics but can cause
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a change in distribution of harmonic levels throughout the system. This may increase harmonic voltages on
the system that may not necessarily be at the location of the capacitor or the source of harmonics. It may be
desirable, as part of the joint utility-consumer checkout of interconnection facilities, to measure and
document harmonics present in the bus voltage before and after applying load to the station. The harmonic
content of the load current should also be recorded.

4.3.7 Grounding

The utility and the consumer normally construct station ground grids as required by ANSI C2-2007 [B1]
and recommended in IEEE Std 80™-2000 [B7]. Where these two grids are located close together, they are
generally connected together at a minimum of two points. Where some distance physically separates the
stations, connecting the ground grids is neither practical nor necessary. However, consideration should be
given to the difference in ground potential that may exist during faults and its effect on any low-voltage
circuits connecting equipment located in the utility station to equipment in the consumer facility (such as
instrument transformer secondary circuits, dc control circuits, station service circuits, communication
circuits, or load management control circuits). If the consumer and utility grounds are not interconnected,
these low-voltage circuits need to be properly treated to avoid possible equipment damage and personnel
hazards due to the transferred potential. For additional information, see IEEE Std 80™-2000 [B3].

The method of system neutral grounding employed by the consumer may differ from that used by the
utility. Some consumers prefer to employ resistance grounding. Neutral grounding should be discussed and
an agreement should be reached on the practice to be followed and on important concerns such as ground
relay settings and surge arrester ratings.

Differences between utility and consumer neutral ground methods may also impact the decision to connect
utility and consumer substation ground grids. If the utility is solidly grounded and the consumer’s system is
resistance or impedance grounded, tying the ground grids may extend the higher ground potential rise
voltages from the utility to the consumer’s system.

4.3.8 Ferroresonance

Ferroresonance can occur when capacitance is excited in series with nonlinear inductance and is a
phenomenon that can produce severe over-voltages on the system. Normally, ferroresonance is not present
but may occur as a result of a switching operation. For example, ferroresonance can occur when a single-
phase switch is opened on a length of cable or overhead circuit that is terminated by a lightly loaded
transformer. Ferroresonance can also occur when a weak source is isolated together with a lightly loaded
feeder containing power factor correction capacitors. Ferroresonance cannot always be avoided; but steps
can be taken to reduce the probability of its occurrence, such as locating switches and fuses close to
transformers, use of Y-grounded transformer connections, three-phase switching, and using high-speed
voltage and frequency sensors to isolate consumer generation. For further discussion of ferroresonance, see
IEEE Std C57.105™-1978 [B17].

4.3.9 Voltage considerations

The utility electric supply voltage may be regulated or unregulated. In general, service from a distribution
system will be a regulated supply, whereas service from a transmission or sub-transmission system will be
unregulated. Consumer substations served by unregulated systems may require compensation for the
variations in supply voltage and for voltage drop caused by load changes. The method of compensation can
be by load-tap changing transformers, voltage regulators, or by switched capacitors.

Flicker is defined as the rapid change in voltage produced by arc furnaces, welders, and other pulsating
irregular loads. In these cases, there is concern for both the magnitude of the voltage change and the
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frequency of occurrence. Limits of operation are normally specified by the utility for flicker-producing
loads, and these may require the installation of facilities designed to limit the voltage variation.

4.3.10 Phase balance considerations

Power is normally supplied and consumed in a balanced set of three phases. When the balance is upset,
either on the supply or consumption side, the resulting asymmetry can cause problems. Utilities and
consumers should consider the effect of unbalances on their systems, especially under weak source
conditions.

Balance can be upset from the supply side by operation of single-phase interrupting devices, such as power
fuses. More infrequently, unbalance can result from the misoperation of a device that normally operates in
a three-phase mode. For instance, one pole of a three-phase circuit breaker may fail to open or close at the
same time as the other two. Consumers should consider the effect of unbalanced supply and ensure that
their equipment and processes are properly protected in the presence of such unbalance. Motors and
generators are commonly protected by the application of single-phasing protection or negative-phase-
sequence protection. Overvoltage protection may also be required if there is a possibility that
ferroresonance conditions may arise as the result of the unbalanced supply.

Balance can also be upset from the consumer’s side. The most common cause is unbalanced load.
Unbalanced load may be the natural characteristic of some types of load such as electric railway systems,
or may also result from the operation of single-phase protective devices, such as fuses. If the amount of
unbalanced load is significant, it can result in unbalanced voltages on the utility supply system, which may
cause problems for other consumers, or for sensitive protection on that system. Negative-sequence
polarized directional relays, for example, may respond to negative-phase-sequence voltages as low as a few
percent of the nominal system voltage and thus, may mis-operate.

4.3.11 Transformer connection

Transformers are commonly connected in a delta-wye configuration when the interconnection with the
utility occurs at transmission or sub-transmission voltages. The high-voltage delta winding will minimize
third harmonic voltages and block zero-sequence current for ground faults on the low side. This isolates the
utility ground relays from ground faults on the consumer side. This is important since it allows the utility to
maintain sensitivity and speed in clearing high-voltage ground faults. The low-voltage wye grounded
connection on the low side provides the consumer with a location for a good ground. The high-voltage
delta winding helps to balance the phases on the wye side making it more tolerant of unbalanced load. As
discussed in 6.1, however, transformers with delta-connected, high-voltage windings can introduce system
problems where there are synchronous motor loads or generators connected to the low-voltage side.

Consumer transformer connections that are a source of ground fault current on the utility’s system (e.g.,
with the high-voltage connected grounded-wye) are, in many instances, unacceptable. For example, when
this type of transformer is tapped to a utility transmission line, it decreases the ground fault current
contribution from the utility and makes it more difficult to detect ground faults on all portions of the line. If
it is acceptable to use this transformer connection, such as when the consumer has generation, it may be
necessary to employ high-voltage fault interrupting devices controlled by directional overcurrent or
distance relays. Ground fault protection sensitivity studies should be performed to ensure proper protection
of the utility supply line(s).

5. Typical utility-consumer interconnection configurations

In the typical service arrangements that follow, such aspects as dependability, security, and ease of
maintenance range from minimal to optimal. The consumer load requirements will strongly influence the
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