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Abstract: The IEEE Emerald Book™ presents a collection of consensus best practices for the
powering and grounding of electronic equipment used in commercial and industrial applications.
The main objective is to provide consensus recommended practices in an area where conflicting
information and conflicting design philosophies have dominated. The recommended practices
described are intended to enhance equipment performance while maintaining a safe installation. A
description of the nature and origin of power disturbances is provided, followed by theory on the
various parameters that impact power quality. Information on quantifying and resolving power and
grounding related concerns using measurement and diagnostic instrumentation and standardized
investigative procedures are included. Recommended power protection equipment and wiring and
grounding system design practices are presented. Information on telecommunications system
power protection as well as grounding, industrial system grounding, and noise control is included.
Finally a selection of case studies are presented to support the recommended practices presante
throughout the book.
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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 spc
cific 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, m asure,
purchase, market, or provide other goods and services related to the scope of the IEEE Standard. Fu thermore, the
viewpoint expressed at the time a standard is approved and issued is subject to change brought a. out through
developments in the state of the art and comments received from users of the standard. Evei 7 IEEL Standard is
subjected to review at least every five years for revision or reaffirmation. When a docu:aent » mor . than five
years old and has not been reaffirmed, it is reasonable to conclude that its contents, al*’~ugi. =+l of some value,

do not wholly reflect the present state of the art. Users are cautioned to check to " >term ne that they have the
latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesti. > _:-=»ndering professional or other
services for, or on behalf of, any person or entity. Nor is the IEEE und¢.taking .» perform any duty owed by any
other person or entity to another. Any person utilizing this, and any oth.~ IE) E Standards document, should rely
upon the advice of a competent professional in determining the = xerc. -e ot reasonable care in any given circum-
stances.

Interpretations: Occasionally questions may arise regarding t. » ms aning 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 als. (2cuived the concurrence of a balance of interests. For this rea-
son, IEEE and the members of its societies ana J*ai dards Coordinating Committees are not able to provide an in-
stant response to interpretation requests ¢ <cer.t in tnose cases where the matter has previously received formal
consideration. At lectures, symposia, cemu. ars or educational courses, an individual presenting information on
IEEE standards shall make it clear th 't hi. or her views should be considered the personal views of that individual
rather than the formal position, e=nlar. tion, or interpretation of the IEEE.

Comments for revision of I Fix Ctandards are welcome from any interested party, regardless of membership
affiliation with IEEE. Suvrgesticiis for changes in documents should be in the form of a proposed change of text,
together with appror=iate s oporting comments. Comments on standards and requests for interpretations should
be addressed to:

Secretary, IEEE-SA Standards Board

445 Hoes Lane

Piscataway, NJ 08854

USA

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
-espect 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.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Insti-
tute 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.
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Introduction

(This introduction is not part of IEEE Std 1100-2005, IEEE Recommended Practice for Powering and Grounding
Electronic Equipment.)

This recommended practice is a publication of the Industry Applications Society (IAS) of the IEEE and is
one of the JEEE Color Books®, which relate to industrial and commercial power systems. The recommended
practices described are intended to enhance equipment performance from an electric powering and
grounding standpoint, while maintaining a safe installation as prescribed by national and local electric code
requirements. The purpose of this recommended practice is to provide consensus recommended practice. in
an area where conflicting information and conflicting design philosophies have dominated.

As the proliferation of digital electronic equipment continues to change the way society utilizes »ad .=lies on
electric power continuity, the need for standardized practices for power protection and grounding continues
to grow. The requirements of the digital society have essentially outgrown the capabilities ¢ € the present day
electric power supply, and the need for practices that promote system compatibility ‘€ both the electric
supply and the connected equipment is important from the largest industrial facilities ~ll the way down to
home offices. The concept of system compatibility, which is covered extensivelv in his »ook, describes the
mechanisms of interaction and requirements necessary to ensure that not cniy aes the electrical power
equipment connected to its power source operate properly even during moderate ovver fluctuations, but also
that same equipment does not interfere with other equipment connec'=d 15 the common power system. The
responsibility for system compatibility is shared among all parties, 1.+ iuaing the electric suppliers, the
equipment manufacturers, the building designers, the power condit oning cquipment manufacturers, and the
facility equipment specifiers, and this document supplies “meu ~<s to ensure that when a system
compatibility problem is present, there are adequate means 0. ‘nvestigating and resolving the concern. It is
also the intent of this document to supply power system (iesign guidelines and recommended practices that
would minimize the potential for a system compatibility ccnce.n to occur.

To address the topics detailed in the IEEE En ¢ra/d Book', the IEEE Working Group on Powering and
Grounding Electronic Equipment was origina.” “ormed in 1986 to write a recommended practice. The first
IEEE Emerald Book™ was subsequently “ub.ished in 1992, followed by a revision in 1999. The project was
sponsored by the IAS Industrial ai.d Carimercial Power Systems Engineering Subcommittee. This
recommended practice is intended tc con nlement other recommended practices in the JEEE Color Books®
and has been coordinated with othc. v 'ated codes and standards.

Notice to users

Errata

Errata, if any, for this and all other standards can be accessed at the following URL: http:/
s'andai 2 ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for
erra’a per.odically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/
index.html.

Copyright © 2006 IEEE. All rights reserved. v
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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
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patents or patent applications for which a license may be required to implement 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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IEEE Recommended Practice for
Powering and Grounding
Electronic Equipment

Chapter 1
Overview

1.1 Scope

This document presents recommended design, installation, and maintenance practices for electrical power
and grounding (including both safety and noise control) and protection of electronic loads such as industrial
controllers, computers, and other information technology equipment (ITE) used in commercial and
industrial applications.

1.2 Purpose

The main objective is to provide a consensus of recommended practices in an area where conflicting
information and confusion, stemming primarily from different viewpoints of the same problem, have
dominated. Practices herein address electronic equipment electrical performance and protection issues while
maintaining a safe installation, as specified in the National Electrical Code® (NEC®) (NFPA 70, 2005
Edition) [B1]! and recognized testing laboratories’ standards. This recommended practice is not intended to
replace or to take precedence over any codes or standards adopted by the jurisdiction where the installation
resides.

1.3 Background

As electronic loads and ITE proliferate in industrial and commercial power systems, so do problems related
to power quality. Powering and grounding electronic equipment continues to be a growing concern for
commercial and industrial power system designers. This concern frequently materializes after start-up, when
electronic system operating problems begin to occur. Efforts to alleviate these problems have ranged from
installing power conditioning equipment to applying special grounding techniques that are not found in
conventional safe grounding practice. In some cases this approach has led to unsafe practices and violations
of the NEC, without solving operating problems. Many times even after installing power conditioning
devices, the protected equipment still fails or does not operate as expected during thunderstorms and power
outages. In response to this situation, this recommended practice attempts to provide an understanding of the
fundamentals of proper powering and grounding for facilities and electronic equipment as well as examples
of the various problems that can arise.

The concept of load and source compatibility is not new. The need to provide power with steady voltage and
frequency has been recognized since the inception of the electric utility industry. Some of the early concerns
were flicker of light bulbs due to voltage fluctuations and overheating of motors due to voltage waveform
distortion (harmonics). Recognition of these problems led to the development of voluntary standards that
contributed significantly to reductions in occurrences.

More recently, transient voltage disturbances associated with lightning and power system switching have
emerged as a major concern to manufacturers and users of electronic equipment. The issue of grounding,

IThe numbers in brackets correspond to those of the bibliography in 1.5.
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