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Foreword

(This Foreword is not a part of IEEE Std 241-1990, IEEE Recommended Practice for Electric Power Systems in Commercial
Buildings.)

The purpose of IEEE Std 241-1990, the “Gray Book,” is to promote the use of sound engineering principles in the
design of commercial buildings. It is hoped that it will alert the electrical engineer or designer to the many problems
that can be encountered in designing electrical systems for commercial buildings and to develop a concern for the
professional aspects of commercial building engineering. The Gray Book is not intended to be a complete handbook;
however, it will direct the engineer to texts, periodicals, and references pertaining to commercial buildings and will
also act as a guide through the myriad of codes, standards, and practices published by the IEEE and other professional
associations and governmental bodies.

The fourth edition of this recommended practice has been written to update readers on the state of the art and ensure
quality electrical engineering design for commercial buildings. Material contained in previous editions of this book
has been reused or updated, where practical.

All of the previous contributions to the Gray Book are hereby thanked by the present working group for their diligence
and dedication; there would not have been a fourth edition without their many contributions to the technical accuracy
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IEEE Recommended Practice for Electric
Power Systems in Commercial Buildings

1. Introduction

1.1 Scope

IEEE Std 241-1990, IEEE Recommended Practice for Electric Power Systems in Commercial Buildings, commonly
known as the “Gray Book™ is published by the Institute of Electrical and Electronics Engineers (IEEE) to provide a
recommended practice for the electrical design of commercial buildings. It has been prepared on a voluntary basis by
engineers and designers functioning as the Gray Book Working Group within the IEEE Power Systems Engineering
Committee.

This recommended practice will probably be of greatest value to the power oriented engineer with limited commercial
building experience. It can also be an aid to all engineers responsible for the electrical design of commercial buildings.
However, it is not intended as a replacement for the many excellent engineering texts and handbooks commonly in use,
nor is it detailed enough to be a design manual. It should be considered a guide and general reference on electrical
design for commercial buildings.

Tables, charts, and other information that have been extracted from codes, standards, and other technical literature are
included in this recommended practice. Their inclusion is for illustrative purposes; where the correctness of the item
is important, the latest referenced document should be used to assure that the information is complete, up to date, and
correct. It is not possible to reproduce the full text of these items in this recommended practice.

1.1.1 Voltage Levels

It is important to establish, at the outset, the terms describing voltage classifications. Table 1, which is adapted from
IEEE Std 100-1988, IEEE Standard Dictionary of Electrical and Electronics Terms, Fourth Edition (ANSI) [5],1
indicates these voltage levels. ANSI/NFPA 70-1990, National Electrical Code (NEC) [3’],2 described in 1.6.1, uses the
term “over 600 volts” generally to refer to what is known as “high voltage.” Many IEEE Power Engineering Society
(PES) standards use the term “high voltage” to refer to any voltage higher than 1000 V. All nominal voltages are

IThe numbers in brackets correspond to those in the references at the end of each chapter. IEEE publications are available from the Institute of
Electrical and Electronics Engineers, IEEE Service Center, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331.

ZANSI publications are available from the Sales Department of the American National Standards Institute, 11 West 42nd Street, 13th Floor, New
York, NY 10036. NFPA publications are available from Publications Sales, National Fire Protection Association, 1 Batterymarch Park, P.O. Box
9101, Quincy, MA 02269-9101.
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expressed in terms of rms. For a detailed explanation of voltage terms, see Chapter 3. ANSI C84.1-1989, Voltage
Ratings for Electric Power Systems and Equipment (60 Hz) (213 lists voltage class designations applicable to industrial
and commercial buildings where medium voltage extends from 1000 V to 69 kV nominal.

Table 1—Voltage Classes

NOMINAL SYSTEM VOLTAGE

TWO | THREE FOUR MAXIMUM
WIRE| WIRE . WIRE VOLTAGE
(120) Single-Phase Systems 127
} 120/240 127/254
] Three-Phase Systems
=2 208Y/120 220Y/127
2 H (240) 240/120 245/127
Sa 480 480Y/277 508Y/293
o (600) 635
3
-
|
2 : (2400) 2540
s 4160 4160Y/2400 4400Y/2540
:)» < | (4800) 5080
= 2 2 | (6900 7260
3 = (8320Y/4800) 8800Y/5080
& g (12000Y/6930) 12700Y/7330
T ¥ 12470Y/7200 13200Y/7620
2C B 13200Y/7620 13970Y/8070
e omS | 13800 (13800Y/7970) 14520Y/8380
) Ze (20780Y/12000) 22000Y/12700
< > ° (22860Y/13200) 24200Y/13970
& Z (23000) 24340
3 E 24940Y/14400 26400Y/15240
Z (34500) 34500/19920 36510Y/21080
é E _———
£
3 "
2 Z
» =
{.':‘ [=2 3 7]
= BE | wsxv) 48.3kV
T | 69kV 72.5kV
dZS sy 121 xV
2 -3 |138kv 145 kV
= Z> [161kV) 169 kV
3 Ze | 230kv 242 kV
> | =
= [&]
g =
=
[}
BN
&
= 345kV 362KV
v | s00kv 550KV
env 8 765 kV 800 kV
%
Lt
1100 kV 1200 kV
p——

NOTE: See Table 17 in Chapter 3 for a complete listing of system voltages.

3ANSI publications are available from the Sales Department of the American National Standards Institute, 11 West 42nd Street, 13th Floor, New
York, NY 10036.
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1.2 Commercial Buildings

The term “commercial, residential, and institutional buildings” as used in this chapter, encompasses all buildings other
than industrial buildings and private dwellings. It includes office and apartment buildings, hotels, schools, and
churches, marine, air, railway, and bus terminals, department stores, retail shops, governmental buildings, hospitals,
nursing homes, mental and correctional institutions, theaters, sports arenas, and other buildings serving the public
directly. Buildings, or parts of buildings, within industrial complexes, which are used as offices or medical facilities or
for similar nonindustrial purposes, fall within the scope of this recommended practice. It is not possible to cover each
type of occupancy in this text; however, many are covered in Chapter 16. Medical areas are covered in IEEE Std 602-
1986, IEEE Recommended Practice for Electric Systems in Health Care Facilities (ANSI) [10] (the “White Book™).

The specific use of the commercial building in question, rather than the nature of the overall development of which it
is a part, determines its electrical design category. While industrial plants are primarily machine- and production-
oriented, commercial, residential, and institutional buildings are primarily people- and public-oriented. The
fundamental objective of commercial building design is to provide a safe, comfortable, energy-efficient, and attractive
environment for living, working, and enjoyment. The electrical design must satisfy these criteria if it is to be
successful.

Today's commercial buildings, because of their increasing size and complexity, have become more and more
dependent upon adequate and reliable electric systems. One can better understand the complex nature of modern
commercial buildings by examining the systems, equipment, and facilities listed in 1.2.1.

1.2.1 System Requirements for Commercial, Residential, and Institutional Buildings

The systems, equipment, and facilities that must be provided to satisfy functional requirements will vary with the type
of facility, but will generally include some or all of the following:

1) Building electric service

2) Power distribution system

3) Lighting — Interior and exterior, both utilitarian and decorative; task and general lighting.

4) Communications — Telephone, facsimile, telegraph, satellite link, building-to-building communications
(including microwave, computer link, radio, closed-circuit television, code call, public address, paging, fiber-
optic and electronic intercommunication, pneumatic tube, doctors' and nurses' call, teleconferencing), and a
variety of other signal systems.

5) Fire alarm systems — Fire pumps and sprinklers, smoke and fire detection, alarm systems, and emergency
public address systems.

6) Transportation — Elevators, moving stairways, dumbwaiters, and moving walkways.

7) Space conditioning — Heating, ventilation, and air conditioning.

8) Sanitation — Garbage and rubbish storage, recycling, compaction, and removal; incinerators; sewage
handling; and document shredders and pulpers.

9) Plumbing — Hot and cold water systems and water treatment facilities.

10) Security watchmen, burglar alarms, electronic access systems, and closed-circuit surveillance television

11) Business machines — Typewriters, computers, calculators, reproduction machines, and word processors.

12) Refrigeration equipment

13) Food handling, catering, dining facilities, and food preparation facilities

14) Maintenance facilities

15) Lightning protection

16) Automated building control systems

17) Entertainment facilities and specialized audiovisual systems

18) Medical facilities

19) Recreational facilities

20) Legally required and optional standby/emergency power and peak-shaving systems

21) Signing, signaling, and traffic control systems; parking control systems including automated parking systems

Copyright © 1991 IEEE All Rights Reserved 3



IEEE Std 241-1990 IEEE RECOMMENDED PRACTICE FOR

1.2.2 Electrical Design Elements

In spite of the wide variety of commercial, residential, and institutional buildings, some electrical design elements are
common to all. These elements, listed below, will be discussed generally in this section and in detail in the remaining
sections of this recommended practice. The principal design elements considered in the design of the power, lighting,
and auxiliary systems include:

1) Magnitudes, quality, characteristics, demand, and coincidence or diversity of loads and load factors

2) Service, distribution, and utilization voltages a