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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 develop-
ment 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 with-
out compensation. While the IEEE administers the process and establishes rules to promote fairness in the consensus devel-
opment 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 dam-
age, 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 revi-
sion 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 com-
petent 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.

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

Piscataway, NJ 08854

USA

Note: Attention is called to the possibility that implementation of this standard may require use of subject mat-
ter 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.

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; (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

(Thisintroduction is not apart of |EEE Std 446-1995, | EEE Recommended Practice for Emergency and
Standby Power Systems for Industrial and Commercial Applications.)

In 1968 the Industrial and Commercial Power Systems Committee within the Industry and
General Applications Group of the Institute of Electrical and Electronics Engineers recog-
nized that a need existed for a publication that would provide guidance to industrial users and
suppliers of emergency and standby power systems.

The nature of electric power failures, interruptions, and their duration covers arange in time
from microseconds to days. Voltage excursions occur within a range from 20 times normal
(or more) to acomplete absence of voltage. Frequency excursions can vary aswidely in many
forms, from harmonics to direct current. These variables occur due to a multitude of condi-
tions both in the power system ahead of the user’s service entrance and following the service
entrance within the user’s area of distribution.

Such elements as lightning, automobiles striking power poles, ice storms, tornadoes, switch-
ing to aternate lines, and equipment failure are but afew of the causes of interruptionsin the
electric power supply ahead of the service entrance.

Within the user’s area of distribution are such elements as short and open circuits, undersized
feeders, equipment failures, operator errors, temporary overloads, single-phasing unbalanced
feeders, fire, switching, and many other causes of power interruption or failure.

In the past the demand for reliable electric power was less critical. If power was completely
interrupted too often, another source was found. If voltage varied enough to cause a problem,
aregulator or a larger conductor was installed. As processes, controls, and instrumentation
became more sophisticated and interlocked, the demand developed to shorten the length of
outages. Increased safety standards for people required emergency and exit lighting. Many
factories added medical facilities that needed reliable electric power.

With the advent of solid-state electronics and computers, the need for continuous, reliable,
high-quality electric power became critical. Many instalations required uninterruptible
power, virtually free of frequency excursions and voltage dips, surges, and transients.

In 1969 aworking group was established under the Industrial Plants Power Systems Subcom-
mittee of the Industrial and Commercial Power Systems Committee to collect data and pro-
duce a publication entitled “Emergency Power Systems for Industrial Plants.” Later that year
the scope of the work was enlarged to include standby power since, in meeting various needs,
the two systems were often found to be intertwined, or one system served multiple purposes.

As the work progressed, it became apparent that industrial and commercia needs contained
more similarities than differences. Systems available to supply the required power to industry
were found applicable to both fields. Once again the scope of the work was expanded to
include commercial requirements. The existing working group was changed to the status of a
subcommittee under the Industrial and Commercial Power Systems Committee to have direct
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responsibility, not only for the Orange Book Working Group, but for other matters concern-
ing emergency and standby power. The proposed publication was redirected toward establish-
ing recommended practices. As a result of subsequent organizational changes, this
Emergency and Standby Power Systems Subcommittee is now under the Power Systems
Engineering Committee of the Industrial and Commercia Power Systems Department.

This third revision of the IEEE Orange Book contains updating and expansion of existing
material. In addition, a new chapter has been added that addresses design criteria for achiev-
ing reliability objectives.

This IEEE Recommended Practice continues to serve as a companion publication to the fol-
lowing other Recommended Practices prepared by the IEEE Industrial and Commercial
Power Systems Department:

— |EEE Std 141-1993, |EEE Recommended Practice for Electric Power Distribution for
Industrial Plants (IEEE Red Book).

— |EEE Std 142-1991, IEEE Recommended Practice for Grounding of Industrial and
Commercial Power Systems (IEEE Green Book).

— |EEE Std 241-1990, IEEE Recommended Practice for Electric Power Systems in
Commercial Buildings (IEEE Gray Book).

— |EEE Std 242-1986, | EEE Recommended Practice for Protection and Coordination of
Industrial and Commercia Power Systems (IEEE Buff Book).

— |EEE Std 399-1990, |IEEE Recommended Practice for Industrial and Commercial
Power Systems Analysis (IEEE Brown Book).

— |EEE Std 493-1990, |EEE Recommended Practice for the Design of Reliable Indus-
trial and Commercial Power Systems (IEEE Gold Book).

— |EEE Std 602-1996, IEEE Recommended Practice for Electric Systems in Health
Care Fecilities (IEEE White Book).

— |EEE Std 739-1995, |[EEE Recommended Practice for Energy Management in Indus-
trial and Commercial Facilities (IEEE Bronze Book).

— |EEE Std 1100-1992, IEEE Recommended Practice for Powering and Grounding
Sensitive Electronic Equipment (IEEE Emerald Book).

\'
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The Orange Book Working Group for the 1995 edition had the following membership:

Neil Nichols, Chair

Chapter 1:  Scope—Neil Nichols, Chair

Chapter 2. Definitions—Neil Nichols, Chair; Marco W. Migliaro; Joseph S. Dudor

Chapter 3:  Genera need guidelines—Gordon S. Johnson, Chair

Chapter 4: Generator and electric utility systems—Farrokh Shokooh, Chair;
Charles D. Hughes

Chapter 5. Stored energy systems—Marco W. Migliaro, Chair; J. H. Bellack; G. J. Davis;
P. J. Demar; Joseph S. Dudor; Murray Leonard; Robert Soileau; Swagata Som

Chapter 6:  Protection—Pat O’ Donnell, Chair; René Castenschiold; Marco W. Migliaro;
Neil Nichols, Charles D. Potts; Farrokh Shokooh; George Stromme

Chapter 7. Grounding—René Castenschiold, Chair; Norman Fowler; Daniel L. Goldberg;
Gordon S. Johnson; Neil Nichols; Donald W. Zipse

Chapter 8:  Maintenance—Charles D. Potts, Chair; René Castenschiold; Joseph S. Dudor;
Norman Fowler; R. Gerald Irvine; Marco W. Migliaro; Gary Tupper

Chapter 9:  Specific industry applications—Eli Yagor, Chair

Chapter 10: Design and operation considerations for improving the reliability of emergency

power systems—Gary Tupper, Chair; Norman Fowler; Neil Nichals;
Charles D. Potts; Max Don Trumble

The following persons were on the balloting committee:

James Beal| Charles D. Hughes Daleep Mohla

Carl Becker R. Gerad Irvine Neil Nichols

René Castenschiold Gordon S. Johnson Pat O’ Donnell
James M. Daly Douglas Kanitz Charles D. Potts
Joseph S. Dudor C. Grant Keough Milton D. Robinson
Jerry M. Frank Thomas S. Key Vincent Saporita
Daniel L. Goldberg Don Koval Stephen Schaffer
James M. Harvey Marco W. Migliaro Farrokh Shokooh
Erling Heda Donald W. Zipse
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When the IEEE Standards Board approved this recommended practice on 12 December 1995,
it had the following membership:

E. G. “Al” Kiener, Chair Donald C. Loughry, Vice Chair
Andrew G. Salem, Secretary
GillesA. Baril Jim Isaak Marco W. Migliaro
Clyde R. Camp Ben C. Johnson Mary Lou Padgett
Joseph A. Cannatelli Sonny Kasturi John W. Pope
Stephen L. Diamond Lorraine C. Kevra Arthur K. Rellly
Harold E. Epstein Ivor N. Knight Gary S. Robinson
Donald C. Fleckenstein Joseph L. Koepfinger* Ingo Rusch
Jay Forster* D. N.“Jim” Logothetis Chee Kiow Tan
Donald N. Heirman L. Bruce McClung Leonard L. Tripp
Richard J. Holleman Howard L. Wolfman

*Member Emeritus

Also included are the following nonvoting |EEE Standards Board liaisons:

Satish K. Aggarwal
Steve Sharkey
Robert E. Hebner
Chester C. Taylor

PaulaM. Kelty
|IEEE Sandards Project Editor

National Electrical Code and NEC are both registered trademarks of the National Fire Protection Association, Inc.
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IEEE Recommended Practice for
Emergency and Standby Power Systems
for Industrial and Commercial Applications

Chapter 1
Scope

This standard presents recommended engineering principles, practices, and guidelines for the
selection, design, installation, application, operation, and maintenance of emergency and
standby power systems. This information is primarily presented from a user's viewpoint;
however, managing the effects of power system disturbances requires close cooperation
between users, electric utilities, and equipment manufacturers.

This standard addresses the following questions:

— Isan emergency or standby power system (or both) needed, and what will it accom-
plish?

— What types of systems are available, and which can best meet the users’ needs?

— How should the most suitable system be designed and applied to the existing power
system?

— What are the maintenance and operating requirements for maintaining system reli-
ability?

— Where can additional information be obtained?

— What are the design considerations for maintaining system reliability?

Definitions to specialized technical terms used throughout this standard are provided in
Chapter 2. Emergency and standby power requirements of both industrial and commercial
users are outlined and discussed, including a distinction made between mandatory laws, reg-
ulations, codes, and standards applicable to each. Knowledge of these requirements enables
electric utility companies to meet specific power supply needs and equipment manufacturers
to design efficient, practical, and reliable equipment and systems. Recommendations are
made for various types of installations, based on technica and economic information on
available hardware and systems provided by equipment manufacturers.

Technical guidelines for protecting and grounding emergency and standby power systems are
presented in Chapter 6 and Chapter 7, respectively. Guidelines for the maintenance of specific
types of equipment are presented in Chapter 8. Chapter 9 provides information on applica-
tions of emergency and standby power for specific industries. Chapter 10 presents design and
operation guidelines that will improve emergency and standby power system reliability.

The following industries and fields are considered specialized and beyond the scope of inclu-
sion and direct address by this standard: transport, government, military, and utility.
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Chapter 2
Definitions

2.1 Introduction

This chapter is intended to provide terms and definitions applicable to this standard for the
purpose of aiding in its overall understanding.

NOTE—The definitions of emer gency power system and standby power system contained herein are
based on the general functions of the two systems. They may not agree entirely with definitions devel-
oped by other bodies, which establish specific operating criteria or are used to establish regulatory
codes.

2.2 Terms

2.2.1 absorbed electrolyte cell: A valve-regulated lead-acid (VRLA) cell whose electrolyte
has been immobilized in absorbent separator (normally, glass or polymeric fiber). Syn:
starved electrolyte cell; absorbed glass mat (AGM) cell.

2.2.2 absorbed glass mat (AGM) cell: See: absorbed electrolyte cell.

2.2.3 automatic transfer switch: Self-acting equipment for transferring one or more load
conductor connections from one power source to another.

2.2.4 availability: Thefraction of time within which a system is actually capable of perform-
ing its mission.

2.2.5 battery: Two or more cells electrically connected for producing electric energy.
NOTE—AIso commonly used to apply to asingle cell used independently.

2.2.6 battery rack: A structure used to support a group of cells.

2.2.7 bypass/isolation switch: A manually operated device used in conjunction with an auto-
matic transfer switch to provide a means of directly connecting load conductors to a power
source and of disconnecting the automatic transfer switch.

2.2.8 commercial power: Power furnished by an electric power utility company; when avail-
able, it is usually the prime power source. However, when economically feasible, it some-
times serves as an aternative or standby source.

2.2.9 current withstand rating: The maximum allowable current, either instantaneous or for
a specified period of time, that a device can withstand without damage, or without exceeding
the criteria of an applicable safety or performance standard.
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2.2.10 dropout voltage (or current): The voltage (or current) at which a magnetically oper-
ated device will release to its de-energized position. It isalevel of voltage (or current) that is
insufficient to maintain the device in an energized state.

2.2.11 emergency power system: An independent reserve source of electric energy that,
upon failure or outage of the normal source, automatically provides reliable electric power
within a specified time to critical devices and equipment whose failure to operate satisfacto-
rily would jeopardize the health and safety of personnel or result in damage to property.

2.2.12 flooded cell: See: vented cell.

2.2.13 forced outage: A power outage that results from the failure of a system component,
requiring that it be taken out of service immediately, either automatically or by manual
switching operations, or an outage caused by improper operation of equipment or human
error. Thistype of power outageis not directly controllable and is usually unexpected.

2.2.14 frequency droop: The absolute change in frequency between steady-state no load and
steady-state full load.

2.2.15 frequency regulation: The percentage change in emergency or standby power fre-
quency from steady-state no load to steady-state full load:

I:nl_Ffl

%R =
I:nl

(100

2.2.16 gel cell: See: gelled electrolyte cell.

2.2.17 gelled electrolyte cell: A valve-regulated lead-acid (VRLA) cell whose electrolyte has
been immobilized by the addition of a gelling agent. Syn: gel cell.

2.2.18 harmonic content: A measure of the presence of harmonics in a voltage or current
wave form expressed as a percentage of the amplitude of the fundamental frequency at each
harmonic frequency. The total harmonic content is expressed as the sguare root of the sum of
the squares of each of the harmonic amplitudes (expressed as a percentage of the fundamen-
tal).

2.2.19 immobilized electrolyte: Electrolytein acell that is retained by either using gelled or
absorbed el ectrolyte technol ogy.

2.2.20 load shedding: The process of deliberately removing preselected loads from a power
system in response to an abnormal condition in order to maintain the integrity of the system.

2.2.21 oxygen index: The minimum concentration of oxygen, expressed as volume percent,
in a mixture of oxygen and nitrogen that will just support flaming combustion of a material
initially at room temperature, referred to in battery manufacturers’ flammability designations
for battery cases. Syn: limiting oxygen index (L Ol).
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2.2.22 limiting oxygen index (L OI): See: oxygen index.

2.2.23 power failure: Any variation in electric power supply that causes unacceptabl e perfor-
mance of the user's equipment.

2.2.24 power outage: Complete absence of power at the point of use.

2.2.25 prime mover : The machine used to develop mechanical horsepower to drive an emer-
gency or standby generator to produce electrical power.

2.2.26 prime power : The source of supply of electrical energy that is normally available and
used continuously day and night, usually supplied by an eectric utility company, but some-
times supplied by base-loaded user-owned generation.

2.2.27 rated capacity (battery): The manufacturer’s statement of the number of ampere-
hours or watt-hours that can be delivered by a fully charged battery at a specific discharge
rate and electrolyte temperature, to a given end-of-discharge voltage.

2.2.28 redundancy: Duplication of elements in a system or installation for the purpose of
enhancing the reliability or continuity of operation of the system or installation.

2.2.29 scheduled outage: A power outage that results when a component is deliberately
taken out of service at a selected time, usually for purposes of construction, preventive main-
tenance, or repair. Thistype of outage is directly controllable and usually predictable.

2.2.30 separate excitation: A source of generator field excitation power derived from a
source independent of the generator output power.

2.2.31 shunt excitation: A source of generator field excitation power taken from the genera-
tor output, normally through power potential transformers connected directly or indirectly to
the generator output terminals.

2.2.32 standby power system: An independent reserve source of electric energy that, upon
failure or outage of the normal source, provides electric power of acceptable quality so that
the user's facilities may continue in satisfactory operation.

2.2.33 starved electrolyte cell: See: absorbed electrolyte cell.

2.2.34 transient: That part of the change in a variable, such as voltage, current, or speed,
which may be initiated by a change in steady-state conditions or an outside influence, that
decays and/or disappears following its appearance.

2.2.35 uninterruptible power supply (UPS): A system designed to provide power automat-
ically, without delay or transients, during any period when the normal power supply isinca-
pable of performing acceptably.
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2.2.36 valve-regulated lead-acid (VRLA) cell: A lead-acid cell that is sealed with the
exception of a valve that opens to the atmosphere when the internal gas pressure in the cell
exceeds atmospheric pressure by a pre-selected amount.

2.2.37 vented cell: A cell design that is characterized by an excess of free electrolyte, and in
which the products of electrolysis and evaporation can freely exit the cell through avent. Syn:
flooded cell; wet cell.

2.2.38 wet cell: See: vented cell.

2.3 Bibliography
Additional information may be found in the following sources:

[B1] IEEE Std 100-1992, The New |EEE Standard Dictionary of Electrical and Electronics
Terms (ANSI).!

[B2] Migliaro, M.W., and Alber, G., editors, “Glossary of Stationary Battery Terminology,”
Alber Technologies, Inc., Boca Raton, FL, 1992.

LEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, PO. Box
1331, Piscataway, NJ 08855-1331, USA.
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Chapter 3
General need guidelines

3.1 Introduction

While all who use electric power desire perfect frequency, voltage stability, and reliability at
all times, this cannot be realized in practice because of the many causes of power supply dis-
turbances that are beyond the control of the utility. For example, power failures can be caused
by automobiles hitting poles; animals climbing across insulators; lightning striking overhead
lines; and high winds blowing tree branches and other debrisinto lines.

The lightning, wind, and rain produced by thunderstorms and tornadoes can al so cause power
interruptions and transients. Figures 3-1 and 3-2 are both useful in determining the probabil -
ity of such power failures (from thunderstorms and from tornadoes, respectively) depending
upon the user’s geographic location. More widely located storms, such as hurricanes, snow-
storms, ice storms, and floods, also take their toll on power supply systems.

25
10%

Figure 3-1—Average number of thunderstorm days per year

Although there is less chance for a power interruption caused by severe weather or other nat-
ural phenomena occurring on an underground system, and although an underground system
has fewer dips, the duration of any interruption that occurs may be much longer because of
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Figure 3-2—Approximate density of tornadoes;
cross-hatched areas—100-200 in 40 years;
black area—over 200 in 40 years
(see 3.15, Standard Building Code)

the greater length of time required to discover the source of the cable failure and to make
repairs.

Even the operation of protective devices can cause power supply disturbances. As an exam-
ple, overcurrent and short-circuit protective devices require excessive current to operate and
are accompanied by avoltage dip on any line supplying the excessive current until the device
opens to clear the fault. Devices opening to clear a lightning flashover with subsequent
reclosing cause a momentary interruption.

Since utility companies have little practical control over disturbances on their systems, they
are unwilling to accept responsibility for them or to make power quality or continuity guaran-
tees. The following disclaimer istaken from atypical utility sales contract: “ The power deliv-
ered hereunder shall be three-phase alternating current at a frequency of approximately 60 Hz
and at a nominal voltage of 208/120 V wye. Except for temporary periods of abnormal oper-
ating conditions, variations from normal voltage shall not exceed 5% up or down. The utility
will use reasonable diligence to provide a regular and uninterrupted supply of power, but in
case such supply should be interrupted for any cause, the utility shall not be liable for dam-
ages resulting therefrom.”

In several instances, utility companies have recognized the limitations of their power quality
and have offered auxiliary equipment with special purchase agreements to satisfy the needs
of those who use sensitive utilization equipment.
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Utility companies are by no means the only source of power system disturbances. Distur-
bances and outages a so occur in the plant system through the loss of power due to short cir-
cuitsin wiring and failures of local generation including emergency and standby equipment.
Noise is generated in otherwise acceptabl e el ectric power by motors, welders, switches, semi-
conductor-controlled rectifier (SCR) gating, dielectric heating, arcing short circuits, and a
myriad of other sources.

Ordinary power meters and instrumentation cannot be used to measure power transients or
disturbances. Recording devices with extremely fast response must be used to detect, mea-
sure, and record disturbance magnitudes and durations. Most disturbances will not only vary
within a given 24 h period, but depending on the geographical area, could be subject to sea
sona variations.

Any meaningful data with regard to power quality, or lack of it, will become obvious only
after conducting a thorough and detailed measurement recording and analysis program. Such
a program would include the monitoring of an incoming power line over a representative
period of time. Since much of the instrumentation is costly (typically, $3000-$16 000) in
relation to its limited duration usage, rental arrangements are often a popular choice.

Without a good power disturbance monitor to measure and record disturbances continuously,
there is a tendency to make judgments regarding disturbances in the power source in terms of
their effects upon various el ectrical loads. When the lights go out and the electrical equipment
all stopsworking, thisis usually afairly reliable indication of a power interruption. However,
if the lights merely flicker or the electronic equipment malfunctions, it is difficult to judge
whether or not there has been a severe change in voltage for a very short time or avery small
voltage change for amuch longer time. One cannot determine, without a disturbance monitor,
whether or not the disturbance was unusually severe or the electronic equipment was unusu-
ally susceptible to the disturbance. Without the necessary features in a disturbance monitor,
one cannot tell if the source of the disturbance was external to the load equipment or was the
load equipment itself.

The following list describes methods that can be used to reduce to acceptable limits, or even
eliminate, the effects of power supply disturbances:

— Moadification of the design of utilization equipment so as to be impervious to power
disturbances and discontinuities;

— Moadification of the prime power distribution system to be compatible with utilization
equipment;

— Moadification of both systems and equipment to meet a criterion that is realistic for
both;

— Interposing a continuous el ectric supply system between the prime source and the uti-
lization equipment; this will function as a buffer to external sources of transients, but
depending on the design, could increase the magnitude of load-induced disturbances.

Almost any significant deviation from normal power parameters may be capable of causing
problems with some electronic equipment. Steady or slow deviations that exceed the product
design range of line voltage or frequency can affect the shaft speed of motors, the force and
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speed of actuators, and the conversion of ac voltage into regulated dc voltage for electronic
circuit operation. As line voltage approaches product design limits, this often reduces the
ability of the product to sustain, without incident, a line voltage transient as described in the
following paragraph. Of course, some electronic circuits are more susceptible than others.
This depends upon specific application and design.

Most frequent among excursions from normal line conditions are those classed as voltage
transients. These often contain an initially fast voltage rise or fall (sometimes oscillatory) fol-
lowed by a slower voltage rise or fall. Thus one transient event may contain both fast
impulses and noise and a slower change in voltage.

Fast voltage impulses and noise generally have little direct effect upon the smooth, even flow
of power to such devices as motors and ac to dc power conversion equipment. The flywheel
effect of motors and the energy storage in filters for reducing radio frequency interference
and ripple in rectified dc output current of ac to dc converters keep the fast voltage changes
from affecting their outputs directly. Excessively large impulses or noise bursts and inade-
guate filtering may result in component voltage overstress or in the premature triggering of
control circuit elements such as SCRs and TRIACs. Otherwise, very short-duration impulses
and high-frequency noise have little effect upon electronic circuits via power supply paths.
M ore often these disturbances reach sensitive electronic circuits by more subtle paths through
circuit grounds where power and signal ground circuit paths intersect. This dictates that care
be taken in the location of connections and routing of ground conductors in addition to the
more obvious precautions taken to reduce the number and amplitude of transients.

For practical reasons and convenience, power disturbances should be defined in termsthat are
related to practical methods of measurement. When power disturbance limits are given in the
specifications for electrical and electronic equipment, use of the same terminology and mea-
surements will make problem-solving easier and in some cases will help identify the source
of the disturbances.

For purposes of later discussions, disturbances in ac power are classified as deviations in one
or more of the following areas:

a) Voltage
1) Steady-state values (slow average), including unbalance
2) Outages and interruptions
3) Surgesand sags
4) Impulses and noise
NOTE—The term transients applies loosely to items 3) and 4).
b) Wave shape
¢) Frequency
d) Phaserelationships

The steady-state value is measured with a true rms-actuated, rms-reading voltmeter or the
equivalent. The instrument should be damped; otherwise the readings should be averaged
over a5-10 s averaging time so that a succession of readings will indicate the gradual, long-
term changes in averaged rms voltage level. Thisis also known as slow-average rms voltage.
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Most deviationsin steady-state voltage are caused by voltage dropsin power lines, transform-
ers, and feeders as load is increased. When step voltage corrections are made by such means
astransformer tap changing or by adding or removing capacitors, transients will be generated
at the time of the step change. In addition, the change that corrected an undervoltage condi-
tion as the load increased will have to be reversed later when the load decreases. Otherwise,
excessive overvoltage may result. Voltage is usually changed gradually in many small incre-
mental steps. Occasional large step changes can occur.

The worst steady-state voltage deviations are likely to occur in areas where the total load
approaches and even exceeds the capacity to generate or distribute power. In spite of short-
time overload ratings, it becomes necessary to reduce load during periods of peak loading,
such as during heat waves when air conditioning is added to all the other normal 1oads. Under
such conditions, not only may there be an unusually large voltage drop between power source
and load, but there may also be a planned voltage reduction to relieve utility system loading.
This voltage reduction is known as a brownout. With reductions of 3%, 5%, or even 8% at
points where voltage is regular, the voltage reduction at load points may be an additional 5—
10%.

The most common protection against brownouts is some form of voltage regulation, prefera-
bly one that has sufficiently low internal impedance and fast response time to avoid distur-
bances created by load changes and by phase controlled load regulation (where used).

When a planned brownout fails to relieve the utility power system overload enough to supply
energy at reduced voltage to all users, one remaining alternative is to shed loads in a rotating
sequence known as arolling blackout. Under some emergency plans, certain noncritical loads
would be shed for the duration of the overload. A few known critical loads would not be dis-
turbed. The remainder would be subjected to power interruptions lasting 10-20 min each on a
rotating basis among groups of subscribers, sufficient to relieve the overload by means of the
rolling blackout. Rolling blackouts in central Florida during the disastrous freeze of Decem-
ber 1989 extended beyond the maximum 20 min and resulted in severe damage to crops and
tropical fish hatcheries.

Unequal loading on polyphase lines or single-phase three-wire lines is often the cause of volt-
age unbalance. Voltage control devices generally operate to regulate the average of the phase
voltages, or sometimes just one of the phase voltages, on the assumption that the other phases
will be equal to it. The most common corrective measure is to balance the loading among the
phases. However, power sources with high internal impedance are more critical in a require-
ment to distribute loads evenly in order to avoid excessive voltage unbalance. Selection of a
delta-connected primary with wye-connected secondary rather than a four-wire wye input
and output will help distribute unequal phase loading.

Large computer installations with an uninterruptible power supply (UPS) capable of supply-
ing the computer’s power needs for 5-15 min would need supplementary standby power to
operate auxiliary building services, such as air conditioning, and to replenish the storage bat-
tery energy in order that the computer system could continue to remain functional through an
extended power outage. Diesel- or gas-turbine-driven generatorsfill this need.
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Nonpermanent departures from the normal line voltages and frequency can be classified as
disturbances. Disturbances include impulses, noise, transients, and even some changesin fre-
guency or sudden phase shifts during synchronizing operations. Although the frequency and
phase shift events may rarely be encountered when large loads are switched in power net-
works, these may frequently be encountered in small independent power sources during syn-
chronizing and switching of loads from one source to another.

3.1.1 Short-duration disturbances

Most disturbances on a power system are of short duration. Studies show that 90% are less
than one second. Voltage disturbances of more than once cycle duration are usually expressed
in rms value. Those of less than once cycle are expressed in terms of the fundamental peak
value. Subclauses 3.1.1.1-3.1.1.3 group disturbances according to their duration, usual
description, and possible causes.

3.1.1.1 Less than 1 cycle—transient

Transients result from disturbances of al kinds. The most severe subcycle disturbances are
natural lightning, electrostatic discharge, load switch, and short-duration faults.

3.1.1.2 Half cycle to a few seconds—swell or sag

Swells (increased voltage) or sags (decreased voltage) usualy result from faults on the sys-
tem with subsequent fuse or high-speed circuit breaker action and reclosing. On the loaded
phases this results in a sag. On the unloaded phases the result may be a swell.

3.1.1.3 More than a few seconds—overvoltage or undervoltage

Overvoltage and undervoltage, usually attributed to severe faults accompanied by 50-100%
voltage loss on one or more phases, often result in an outage in some circuit. Faults often
involve al three phases and may be the result of a downed pole, atree, or acrane on the line,
a breaker lockout, or an in-line fuse blowing. If the critical load is on the cleared side of the
fuse, the disturbance becomes an outage. If it is on the power source side of the fault clearing
device, the normal voltage may be restored.

3.1.2 Frequency disturbances

In large power systems frequency changes are rare. However, with small engine generators,
used for emergency supply, some frequency change is unavoidable when blocks of load are
switched. With a modern synchronous governor, these disturbances should be under 5% fre-
guency change and less than 5 s duration, even for full load switching.

IEEE Std 1100-19922 contains additional information on short-duration disturbances.

L nformation on references can be found in 3.15.
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3.1.3 Grounding

Grounding is an essential part of power systems and their connections to loads. Grounding
ensures safety for personnel, provides alow-impedance return path, and serves as a constant
potential signal reference. Chapter 7 contains the specific features of grounding emergency
systems.

3.1.4 Single-phasing

System designers need to be aware that some systems can fail to properly respond to failure
of one phase on a three-phase system. Two conditions that may cause improper sensing are
three-phase motors that continue to run single-phase and ferroresonance.

Three-phase motors may continue to run when one phase of athree-phase system fails. Under
that condition, the motor will induce a voltage on the failed phase so that the transfer switch
sensing circuit may not detect the phase loss. However, this may cause the motor to overheat.
To avoid this problem, one approach is to use negative sequence sensors on the motor and
disconnect it. Another approach is to use close-differential voltage relays (approximately
95% voltage pickup and 90% dropout) on al three phases in the transfer switch control.

Ferroresonance is a condition that can induce a flash voltage on a disconnected leg of atrans-
former. This condition can cause improper recycling of emergency or standby system transfer
switches. In a known case, the opening of a single utility supply fuse caused the transfer
switch to recycle continuously. Since the transfer switch switched all the load to the emer-
gency supply, the normal supply transformer was left with zero load. Ferroresonance pro-
duced an rms voltage approximately equal to the normal voltage on the open leg of the
unloaded transformer. Therefore, the transfer switch sensed that normal voltage had returned,
and it switched back to normal.

The cause of ferroresonance is the magnetizing reactance of the transformer combined with
open line capacitance. The transformer was 225 kVA three-phase with grounded-wye pri-
mary/grounded-wye secondary. The connection between the transformer and the fuses was
25 kV #1 AWG cable of approximately 130 ft in length. Known practice indicates that these
parameters do not produce ferroresonance in the heavily saturated region with associated
damaging overvoltages. However, analysts have predicted distorted but nondamaging volt-
ages on the open leg with 1.0-1.3 PU peak values (Smith, Swanson, and Borst 1975 [818]).2
The distortion from a sine wave is due to nonlinear (saturated) magnetic circuits.

In the above case, permanent resistive load on the transformer of slightly more than 1% of the
rating, reduced voltages to well below the pickup point of the normal voltage-sensing relays
on the transfer switch. Moving the transformer near the fuses (very short cable) also corrected
the problem.

2The numbersin brackets preceded by the letter B correspond to those of the bibliography in 3.16.
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Recommended practice for systems where single-phase switching, including fuse operation,
can occur, isto maintain a small amount of untransfered load on the transformer secondary.
Refer to IEEE Std 141-1993 for more information on industrial system connections.

3.1.5 Emergency power

Justification of the expenditure necessary to fulfill user needs for emergency and standby
power systems falls into three broad classifications:

a) Mandatory installations to meet federal, state, county, and municipal regulations;
b) Maintenance of the safety of people during a power failure;
¢) Decreased economic losses due to fewer and shorter power failures.

Mandatory regulations for alternate power sources to ensure the safety of personnel and to
prevent pollution of the environment continually increase. The National Electrical Code®
(NEC®) (NFPA 70-1996) contains regulations for the safe installation of emergency and
standby power systems. NFPA 99-1996, ANSI/NFPA 110-1993, and ANSI/NFPA 111-1993
contain testing, performance, and maintenance requirements. ANSI/NFPA 101-1994 lists
occupancies that require emergency power. Those requirements usually concern the safety of
occupants. Government authorities may adopt building codes and other regulations that make
such systems mandatory.

Table 3-1 isaguide to codes and enforcement agencies for states and magjor citiesin the USA.
The enforcement agencies for each project should be consulted before and during the design
to make sure that current applicable regulations are complied with.

Table 3-2 lists the needs in thirteen general categories with some breakdown under each to
indicate major requirements. Ranges under the columns “Maximum tolerance duration of
power failure” and “ Recommended minimum auxiliary supply time” are assigned based upon
experience. Written standards have been referenced where applicable.

In some cases, under the column “Type of auxiliary power system,” both emergency and
standby have been indicated as required. An emergency supply of limited time capacity may
be used at alow cost for immediate or uninterruptible power until a standby supply can be
brought on-line. An example would be the case in which battery lighting units come on until
a standby generator can be started and transferred to the critical loads.

Following table 3-2, items from the “General need” column are presented in greater detail
with recommendations as to the type of equipment or system that should be used (see 3.2—
3.14).

Users of this standard may wish to skip the detailed presentation of each “ General need” and
go directly to Chapter 4. If so, care should be taken that al individual needs have been recog-
nized and listed so that suitable power systems can be selected to meet al requirements.
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Readers using this recommended practice may find that various combinations of general
needs will require an in-depth system and cost analysis that will modify the recommended
equipment and systems to best meet the specific requirements.

Small commercia establishments and manufacturing plants will usualy find their require-
ments under two or three of the general need guidelines given in this chapter. Large manufac-
turers and commercial facilities will find that portions or al of the need guidelines given in
here apply to their operations and justify or require emergency and backup standby electric
power.

3.2 Lighting
3.2.1 Introduction

Evaluation of the quality, quantity, type, and duration of emergency or standby power for
lighting is necessary for each particular application. The different types of systems have vari-
ous degrees of reliability that should be considered in the selection of the proper system.

3.2.2 Lighting for evacuation purposes

Interruption of power to anormal lighting system may cause injury or loss of life. Emergency
lighting for evacuation purposes must energize automatically upon loss of normal lighting.
Where legally required (ANSI/NFPA 101-1994) emergency systems are installed, lighting
must be maintained for at least 1.5 h if battery-powered unit equipment is used. Emergency
lighting must provide enough illumination to alow easy and safe egress from the area
involved. All exit lights, signs, and stairwell lights should be included in both the emergency
lighting system and the normal lighting system. Design of the emergency lighting system
should include consideration of the need for lighting to silhouette protruding machines or
objectsin aisles.

3.2.3 Perimeter and security lighting

Emergency or standby power for perimeter and security lighting may be deemed necessary to
reduce risk of injury, theft, or property damage. The power for perimeter lighting may not be
required until several minutes after failure of hormal power. In order to maintain perimeter
lighting throughout the dark hours, a system should be capable of supplying power for 10—
12 hfor every 24 h the normal power sourceis off. For this reason, the unit battery equipment
is not recommended for auxiliary perimeter lighting.

3.2.4 Warning lights

Emergency power should be available for all warning lights such as aircraft warning lights on
high structures, ship warning lights on edges of waterways, and other warning lights that act
to prevent injury or property damage. The power source selected should be capable of supply-
ing emergency power throughout the duration of the longest anticipated power failure; there-
fore, the unit battery typeis normally not suited for this application.
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3.2.5 Health care facilities

Emergency lighting is of paramount importance in hospitals and similar institutions. The
requirements for these areas are included in 3.12.

3.2.6 Standby lighting for equipment repair

Standby power for lighting should be installed in areas where the most probable internal
power system failures may occur and in the main switchgear rooms. This requirement is jus-
tified by the necessity of having enough light to repair the equipment that failed and caused
the loss of normal lighting.

3.2.7 Lighting for production

Interruption of power to anormal lighting system may cause serious curtailment or complete
loss of production. Where there are no safety hazards or property damage associated with this
need, the decision should be based on the economic evaluation of each particular application.
Systems that provide power for emergency lighting may also provide high-level lighting to
allow production to continue.

3.2.8 Lighting to reduce hazards to machine operators

A machine operator may be subjected to ahigh injury risk for thefirst few seconds after light-
ing has failed. Many machines present a safety hazard if suddenly plunged into darkness.
I nstantaneous emergency lighting is required for protection against this type of injury.

3.2.9 Supplemental lighting for high-voltage discharge systems

If mercury or other types of high-voltage discharge lighting are used for the regular system,
consideration should be given to adding auxiliary lamps, such as incandescent or fluorescent.
Some high-voltage discharge lamps require a cooling period before they restrike the arc and a
warm-up period before they attain full brilliance. The total time required for full illumination
after a momentary power interruption can range from 1 min for high-pressure sodium to
20 min for metal halide and mercury vapor.

3.2.10 Codes, rules, and regulations

Many states and municipalities have adopted their own specific codes regarding emergency
lighting, in addition to those set down by the following organizations:

—  The Occupational Safety and Health Act of 1970 (OSH Act) is charged with enforc-
ing compliance and makes reference to the NEC and NFPA codes.

— NFPA 70-1996, the National Electric Code (NEC), Article 700, sets forth the stan-
dard of practice for emergency lighting equipment with regard to installation, opera-
tion, and maintenance.
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— ANSI/NFPA 101-1994, the Life Safety Code, concernsitself with the specification of
locations where emergency lighting is considered essential to life safety and specifics
on exit marking.

— Underwriter's Laboratories, Inc., tests and approves equipment to uniform perfor-
mance standards as established by ANSI/UL 924-1990.

3.2.11 Recommended systems

For short durations, primarily for personnel safety and evacuation purposes, battery units are
satisfactory. For applications requiring longer service and heavier loads, an engine- or tur-
bine-driven generator, which starts automatically upon failure of the prime power source,
may be more suitable. ANSI/NFPA 101-1994 requires that emergency lighting facilities pro-
vide no less than an average of 10 Ix ((1 fc) measured at any point along the path of egress at
floor level. The standard allows illumination to declineto 6 Ix (0.6 fc) average and 0.6 Ix (.06
fc) minimum at the end of 1-1/2 h. The maximum top minimum illumination level may not
exceed aaration 40/1.

Table 3-3 summarizes the user’s needs for emergency and standby electric power for lighting
by application and areas.

3.3 Startup power
3.3.1 Introduction

Assume a cold boiler and a dead plant without electrical power or steam. From this premise,
severa very important issues must be considered:

— How will the plant be protected from freezing in cold weather? Even with gas heat-
ers, will there be sufficient heat without fans and without interlocked make-up air
units running?

— A steam turbine generator is on hand, but without forced draft, induced draft, boiler
feed water, flame detectors, or control power. How can it be started?

— A gasturbine generator has been installed, but how can this be started without bring-
ing it up in speed with asmall steam turbine, an electric motor, or other prime mover?
Gas compressors may be necessary and al so require prime movers of some type.

— Steam-driven and electrically driven fire pumps are out of service. There may be no
major fire protection until electric power or steam is restored.

— An uninterruptible power supply (UPS) of sufficient capacity is probably not on
hand; otherwise, steam and electric power would not be down.

These statements illustrate the fact that adequate startup power is one of the most important
considerations in the origina design of any plant. Millions of dollars worth of equipment
could be standing idle at a time of critical need if no alowance were made for starting the
machines under expected conditions, such as a major power outage.
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Table 3-3—Typical emergency and standby lighting recommendations

Standby? Immediate, short-termP Immediate, long-term®
Security lighting Evacuation lighting Hazardous areas
Outdoor perimeters Exit signs Laboratories
Closed circuit TV Exit lights Warning lights
Night lights Stairwells Storage areas
Guard stations Open areas Process areas
Entrance gates Tunnels

Halls

Production lighting Miscellaneous Warning lights
Machine areas Standby generator areas Beacons
Raw materials storage Hazardous machines Hazardous areas
Packaging Traffic signals
Inspection
Warehousing
Offices

Commercia lighting

Health care facilities

Computer rooms

Displays Operating rooms

Product shelves Delivery rooms

Sales counters Intensive care areas
Offices Emergency treatment areas
Miscellaneous Miscellaneous

Switchgear rooms Switchgear rooms
Landscape lighting Elevator

Boiler rooms Boiler rooms

Control rooms

aAn example of astandby lighting system is an engine-driven generator.

An example of an immediate short-term lighting system is the common unit battery equipment.
€ An example of an immediate long-term lighting system is a central battery bank rated to handle
the required lighting load only until a standby engine-driven generator is placed on-line.

3.3.2 Example of a system utilizing startup power

Starting major plant equipment without outside power is commonly referred to as a black
start and is accomplished by using only the facilities available within the plant. One example
of a system designed with black start capability, with a minimum electrical startup system,
would be a large gas turbine driving a centrifugal compressor in the natural gas pipeline
industry, where the high-pressure gas from the pipeline is used to drive expansion turbines
and gas motors for cranking the turbine, operating pumps, and positioning valves. By utiliz-
ing the high-pressure gas for the large horsepower regquirements, a small engine-driven gener-
ator, fueled by natural gas, is used to provide electric power for turbine accessories, battery
charging, lighting, and powering other critical loads. When the turbine is running, a shaft-
driven generator provides larger quantities of electric power for all station requirements; the
small generator is placed on standby.
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3.3.3 Lighting

In the design of the startup power system, first consideration should be given to installing
battery-operated lightsin the vicinity of the standby power source and switchgear.

3.3.4 Engine-driven generators

The battery-cranking power for the engine may aso be used for some lights. Cranking may
aso be accomplished by compressed air supplied to a tank by the plant compressed-air sys-
tem and prevented from leaving the tank into the plant system by a check valve.

The engines may be sized for short-term operation if some type of continuous power genera-
tion can be brought onto the line after startup. If no generation as a prime source of electric
power has been installed, the diesel or engine generator should be sized for supporting all
electrical needs for the generator auxiliaries, boilers, critical emergency lights, fire signals,
exit lights, and other items listed in table 3-2.

3.3.5 Battery systems

Specia consideration should be given to the design of the plant battery system or UPS, allow-
ing for (1) adequate battery capacity to provide power for the necessary startup control sys-
tems, following a programmed safe stop; and (2), when possible, specia disconnecting
devices to automatically disconnect large power-consuming systems from the battery system
to conserve battery capacity for restart.

With capacity for these minimum facilities in operation, consideration may then be given to
installing sufficient capacity at the same time to support additional justified needs.

3.3.6 Other systems

Mobile equipment may suffice if it can reasonably be assumed to be available when needed.
(Who has the highest priority when all have the need?) An alternate standby public utility line
may also be available at alow cost from a separate source of supply. A neighboring plant with
live generation may assist in an emergency.

3.3.7 System justification

A definite workable plan with the proper equipment should be evaluated, and action taken as
justified, prior to the need.

3.4 Transportation
3.4.1 Introduction

This topic covers the moving of people and products by methods that depend upon electric
power. The importance of maintaining power for these methods ranges from desirable to crit-
ical.
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3.4.2 Elevators

Where two or more elevators are in use in buildings three or more stories high, the elevators
or banks of elevators should be connected to separate sources of power. There are situations
where standby power is required for all elevators within 15 s. Savings may be made by sup-
plying power during outages of the normal supply to one-half the elevators installed, provid-
ing the traffic can be rerouted and the capacity of the elevators is adequate. Power must be
transferred to the second bank of elevators within 1 min or so of the prime power lossto clear
stalled elevators. Power may be left on this bank until normal power returns.

Where elevator serviceis critical for personnel and patients, it is desirable to have automatic
power transfer with manual supervision. Operators and maintenance men may not be avail-
ableintime, if the power failure occurs on aweekend or at night.

Where a single feeder supplies more than one elevator, selective coordination of the protec-
tive devices may enhance elevator availability. Thisisarequirement of the 1996 edition of the
NEC, Section 620-26.

— Typical elevator system. Figure 3-3 shows an elevator emergency power transfer sys-
tem whereby one preferred elevator isfed from avital load bus through an emergency
riser, while the rest of the elevators are fed from the normal service. By providing an
automatic transfer switch for each elevator and aremote selector station, it is possible
to select individual elevators, thus permitting complete evacuation in the event of
power failure. The engine generator set and emergency riser need only be sized for
one elevator, thus minimizing the installation cost. The controls for the remote selec-
tor, automatic transfer switches, and engine starting are independent of the elevator
controls, thereby simplifying installation.

— Regenerated power. Regenerated power is a concern for motor generator-type eleva-
tor applications. In some elevator applications, the motor is used as a brake when the
elevator is descending and generates electricity. Electric power is then pumped back
into the power source. If the source is commercia utility power, it can easily be
absorbed. If the power source is an engine-driven generator, the regenerated power
can cause the generating set and the elevator to overspeed. To prevent overspeeding
of the elevator, the maximum amount of power that can be pumped back into the gen-
erating set must be known. The permissible amount of absorption is approximately
20% of the generating set’s rating in kilowatts. If the amount pumped back is greater
than 20%, other loads must be connected to the generating set, such as emergency
lights or “dummy” |oad resistances. Emergency lighting should be permanently con-
nected to the generating set for maximum safety. A dummy load can also be automat-
ically switched on the line whenever the elevator is operating from an engine-driven
generator.

3.4.3 Conveyors and escalators

Escalators and personnel conveyors may require emergency power since physically handi-
capped persons ride up and would have great difficulty walking down, even though a normal
person would be able to do so were the power off.
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Figure 3-3—Elevator emergency power transfer system

Expanding systems require reevaluation of standby power needs each time equipment is
added. Using conveyorsto feed afew cattle or gather a few eggs may have once eased some-
one’'s labor, with labor filling in if needed. However, as these operations have become larger
and larger, they have become more and more dependent upon electric power; therefore, the
feasibility of electric power outage producing a disaster has increased, and the need for
standby power more important.

3.4.4 Other transportation systems

Power for charging equipment for battery-powered vehicles is usually a noncritical require-
ment. Time available for the generation to come on-line varies from several minutes to sev-
eral hours.

A few examples of transportation systems that may need standby power are the following:

Conveyors for raw materials through to finished goods

Warehouse high-stacking loading and unloading equipment, and conveyors deliver-
ing finished goods to shipping facilities

Slurry pumps for long pipelines

Livestock feeder conveyors
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3.5 Mechanical utility systems
3.5.1 Introduction

Often the need for mechanical utilitiesis as great asthat for electric power utilities. These are
interdependent. We can speak of utility systems as a whole since, to most managers and cor-
porate officials, these are al united in a group under the heading “ utilities.”

3.5.2 Typical utility systems for which reliable power may be necessary

Mechanical utility systems comprise the following services for which reliable electric power
isusualy required:

—  Compressed air for pneumatic power

—  Cooling water (including return pumps, pressure pumps, tower fans)
—  Well water or other pumped sources for personnel use

— Hydraulic systems

—  Sewer systems (sanitary, industrial, storm)

— Gas systems (natural, propane, oxygen), including compressors
— Fire pumps and associated water supplies

—  Steam systems (low and high pressures)

— Ventilation (building and process)

— Vacuum systems

— Compressed air for instrumentation

Although thislist is not exhaustive, it aerts a plant manager or engineer to the various needs
and potential losses that may occur if electric power is not available.

Systems may be required for manufacturing and services to maintain other services. For
example, electric power, water, and compressed air for boilers used to supply steam for the
generation of electricity.

A 0.1-5 spower failure may cause plant operators to spend minutes or hours restarting equip-
ment and making adjustments until all systems are again stable. Such disruptions to produc-
tion should be prevented if economically justifiable.

3.5.3 Orderly shutdown of mechanical utility systems

An orderly shutdown of power to mechanical utility systems may be acceptable with a short-
time smaller supply source of power provided for the following requirements:

— Maintaining temperature or pressure on vulcanizers until the product can be finished.

— Maintaining hydraulic pressure until a batch process is completed, or until the pres-
sure can be rel eased without loss.

—  Operating pumps for a time until all process water has been shut off or has drained
back into the sumps to prevent flooding. This becomes serious when the water is con-
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taminated with oil and other waste when flooding occurs and special handling may be
needed to comply with antipollution requirements.

— Maintaining ventilation to clear explosive atmospheres while a normal shutdown pro-
ceeds. Purging air is critical to some oven-drying processes.

— Preventing sanitary sewers from overflowing before personnel evacuation takes
place.

— Running gas compressors for the finishing of acritical process.

Thislist is not exhaustive, but represents needs of various types, which should be sufficient to
alert a plant engineer so that a plan may be prepared for an orderly shutdown. Management
may then be justified to act on the plan and not be caught unprepared in an emergency situa-
tion.

3.5.4 Alternates to orderly shutdown

An orderly shutdown may not be acceptable. Then an alternate may be selected, such as the
following:

— Maintaining utilities without an interruption. Full capacity standby power must be
available as well as uninterruptible power for boiler controls, on-line computers, and
essential relays and motor starters.

— Accepting an outage but returning on standby power. Full capacity power must be
available. Startup of functions will be required since magnetic motor starters and
relays will have dropped out. Although power is off for 0.1-5s, it will take 15—
30 min or more for return to normal operation.

3.6 Heating
3.6.1 Maintaining steam production

Continuous-process plants require uninterrupted steam production. Minimum reguirements
for continuous steam production are sufficient combustion air, air to instruments and actua-
tors, water and fuel supplies, plus a continuous power supply to most flame supervision sys-
tems. The maximum interruption tolerableisthat duration during which theinertia of the fans
or pumping equipment will maintain flows and pressures above minimum limits. Table 3-4
illustrates how this can be achieved.

3.6.2 Process heating

Process heating is defined as heat required to maintain certain process materials at the
required temperature. Noncritical heating processes, due to the inherent heat capacities of
such systems, can withstand a power interruption of considerable duration, i.e.,, 5min to a
maximum of several hours.
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Table 3-4—Systems for continued steam production
Allowable outage
Components duration Systems

Flame supervision systems Nil Mechanical stored energy
systems
Motor-generator set
ride-through
UPS systems

Motor controls and instrumentation Nil Same as above

Boiler fans 1/2to2s Multiple utility services,

either on-line and relayed,
or off-line, switched, and
transferred

Air compressor

To 30 min, depending on
storage; nonessential air
users should be
automatically shut off

Multiple utility services
Turbine- or engine-driven
generator, off-line
Turbine (combustion,
steam, water), off-line

Water pump

To 5 min, depending on
water drum capacity and
upsets in steam production
caused by power
disturbance

Multiple utility services
either on-line and relayed,
or off-line, switched, and
transferred

Turbine (combustion,
steam, water), off-line,
automatic start

Oil pumps (for burners)

To 15 cycles, more with
flywheel

Multiple utility services,
on-line and relayed
Turbine (combustion,
steam, water), on-line

Electric oil supply pumps

Several minutes

Turbine- or engine-driven
generator, off-line
Multiple utility services,
on- or off-line

Any of the following systems would be adequate for this application:

— Engine-driven generators, off-line
— Multiple utility services, on-line and relayed, or off-line, switches, and transfers

—  Turbine (combustion, steam, water), off-line or on-line

— Mechanical stored-energy system, with auxiliary motor generator sets off-line
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Other heating processes, such as cord and fabric treating and drying, are of such a critical
nature that loss of heat will cause an out-of-specification product within 10 s, but the gas or
oil burners and flame detectors are sensitive to drops in voltage of about 40% for a second or
less. In this case, an uninterruptible supply for the controls and an engine generator for a10 s
main power supply or an alternate feed system may be required.

Infrared drying of enamel on automobiles and appliances is a form of heating by electric
energy that must be maintained. A short interruption, perhaps 10 s, may be acceptable to
bring on-line standby generation or perform automatic switching to an auxiliary power
source.

Losses may be substantial if power islost during the heat treating of metals and when either
direct or indirect melting of metalsis in process. Two evaluations must be made: one based
on not losing the flame on the fuels used, and the other based on accepting an interruption for
ashort period with arestart necessary. Uninterruptible power is several times more expensive
than switching or emergency power, but saves the product and prevents process interruption.
Switching or emergency power is less expensive, but product or process losses may exceed
theinitial savingsin the chosen electric supply system.

Induction and dielectric heating are other forms of electrical heating that may or may not
allow short interruptions to be tolerated. Most processes, whether in production or in other
fields, could tolerate an interruption of sufficient duration to come on-line with switched
sources or an engine- or turbine-driven generator.

3.6.3 Building heating

Buildings, even in the coldest regions, can usually be without heating for a minimum of
30 min. The same systems listed for noncritical heating processes will be suitable for this
application.

3.7 Refrigeration
3.7.1 Requirements of selected refrigeration applications

Requirements for refrigeration are usually noncritical for short power interruptions of several
minutes to several hours. The need may become extremely critical asthe length of time of the
outage increases. Consider these refrigeration needs:

— Production of ice cream or the freezing of foods may stop in the middle of the pro-
cess. Not only will al production be lost during a power failure, but damage may
result to the product in process.

— Materia in storage may be in jeopardy as temperatures rise. Cafeterias, frozen food
lockers, meat cooling and storage facilities, dairies, and other food operations require
refrigeration and will soon bein trouble as the length of the power outage increases.

—  Scientific tests of long duration may require accurately maintained low temperatures.
Short outages of electric power may destroy the tests and require repeating. An
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expensive and time-consuming process should be provided with a standby power sys-
tem.

— Medical facilities require refrigeration for blood banks, antibictics, and for long-
range laboratory experiments and cultures that could be spoiled.

— Asthe state of the art of superconductivity develops, improves, and spreads to appli-
cable fields, power for cryogenic refrigeration equipment operation will probably
become critical .

Where present refrigeration units are electrically driven, when new units of moderate size are
to be installed in permanent locations, and when other needs exist (asis usually the case) for
emergency or standby power, a common engine-driven generator or alternate utility source
should be considered.

Because of the slow rise in temperature of cold-storage facilities, a savings may be made by
the use of a smaller than normal standby electric generator. By switching power to various
units in turn, an acceptable storage temperature may be maintained until normal electric
power has been reestablished.

3.7.2 Refrigeration to reduce hazards

Certain chemical processes are exothermal and release heat during the chemical reaction.
L oss of the cooling or refrigeration system may cause severe damage or even an explosion.

3.7.3 Typical system to maintain refrigeration

A manual starting of an engine-driven generator, turbine, or alternate utility supply will usu-
ally suffice, providing a suitable alarm is installed to notify responsible persons of a loss of
refrigeration.

3.8 Production

3.8.1 Justification for maintaining production in an industrial facility during a
power failure

Production continuation in an industrial facility during a power failure isjustified by the total
sum of many tangible and intangible savings. The following paragraphs discuss various con-
Siderations that can affect these savings.

Is there a guaranteed wage clause in the labor contract? If so, there will be a direct loss in
wages paid for which no production is received. Where power requirements are low and the
heavy-power-demanding machines are left shut down until normal power is returned, a small
electric supply system can bejustified to supply finishing areas, inspection areas, office areas,
and other areas where most employees work.

Who is waiting for the product? There are periods when the products are being routed to
warehouses and machines are not running at capacity previous to the outage. In this case, the
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