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whether special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use of,
or reliance on NFPA Documents. The NFPA also makes no guaranty or warranty as to the accuracy or completeness
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given circumstances.

The NFPA has no power, nor does it undertake, to police or enforce compliance with the contents of NFPA
Documents. Nor does the NFPA list, certify, test, or inspect products, designs, or installations for compliance with
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be attributable to the NFPA and is solely the responsibility of the certifier or maker of the statement.
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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA DOCUMENTS
ADDITIONAL NOTICES AND DISCLAIMERS

Updating of NFPA Documents

Users of NFPA codes, standards, recommended practices, and guides (“NFPA Documents”) should be aware that these documents may be
superseded at any time by the issuance of new editions or may be amended from time to time through the issuance of Tentative Interim Amendments.
An official NFPA Document at any point in time consists of the current edition of the document together with any Tentative Interim Amendments
and any Errata then in effect. In order to determine whether a given document is the current edition and whether it has been amended through the
issuance of Tentative Interim Amendments or corrected through the issuance of Errata, consult appropriate NFPA publications such as the National
Fire Codes® Subscription Service, visit the NFPA website at www.nfpa.org, or contact the NFPA at the address listed below.

Interpretations of NFPA Documents

A statement, written or oral, that is not processed in accordance with Section 6 of the Regulations Governing Committee Projects shall not be
considered the official position of NFPA or any of its Committees and shall not be considered to be, nor be relied upon as, a Formal Interpretation.

Patents

The NFPA does not take any position with respect to the validity of any patent rights referenced in, related to, or asserted in connection with an
NFPA Document. The users of NFPA Documents bear the sole responsibility for determining the validity of any such patent rights, as well as the risk
of infringement of such rights, and the NFPA disclaims liability for the infringement of any patent resulting from the use of or reliance on NFPA
Documents.

NFPA adheres to the policy of the American National Standards Institute (ANSI) regarding the inclusion of patents in American National
Standards (“the ANSI Patent Policy”), and hereby gives the following notice pursuant to that policy:

NOTICE: The user’s attention is called to the possibility that compliance with an NFPA Document may require use of an invention covered by
patent rights. NFPA takes no position as to the validity of any such patent rights or as to whether such patent rights constitute or include essential
patent claims under the ANSI Patent Policy. If, in connection with the ANSI Patent Policy, a patent holder has filed a statement of willingness to
grant licenses under these rights on reasonable and nondiscriminatory terms and conditions to applicants desiring to obtain such a license, copies of
such filed statements can be obtained, on request, from NFPA. For further information, contact the NFPA at the address listed below.

Law and Regulations

Users of NFPA Documents should consult applicable federal, state, and local laws and regulations. NFPA does not, by the publication of its
codes, standards, recommended practices, and guides, intend to urge action that is not in compliance with applicable laws, and these documents may
not be construed as doing so.

Copyrights

NFPA Documents are copyrighted by the NFPA. They are made available for a wide variety of both public and private uses. These include both
use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the promotion of safe practices and methods. By
making these documents available for use and adoption by public authorities and private users, the NFPA does not waive any rights in copyright to
these documents.

Use of NFPA Documents for regulatory purposes should be accomplished through adoption by reference. The term “adoption by reference”
means the citing of title, edition, and publishing information only. Any deletions, additions, and changes desired by the adopting authority should be
noted separately in the adopting instrument. In order to assist NFPA in following the uses made of its documents, adopting authorities are requested
to notify the NFPA (Attention: Secretary, Standards Council) in writing of such use. For technical assistance and questions concerning adoption of
NFPA Documents, contact NFPA at the address below.

For Further Information

All questions or other communications relating to NFPA Documents and all requests for information on NFPA procedures governing its codes
and standards development process, including information on the procedures for requesting Formal Interpretations, for proposing Tentative Interim
Amendments, and for proposing revisions to NFPA documents during regular revision cycles, should be sent to NFPA headquarters, addressed to the
attention of the Secretary, Standards Council, NFPA, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02169-7471; email: stds_admin@nfpa.org

For more information about NFPA, visit the NFPA website at www.nfpa.org.
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This edition of NFPA 111, Standard on Stored Electrical Energy Emergency and Standby Power
Systems, was prepared by the Technical Committee on Emergency Power Supplies and re-
leased by the Technical Correlating Committee on National Electrical Code. It was issued by
the Standards Council on May 29, 2012, with an effective date of June 18, 2012, and super-
sedes all previous editions.

This edition of NFPA 111 was approved as an American National Standard on June 18, 2012.

Origin and Development of NFPA 111

The Technical Committee on Emergency Power Supplies was organized in 1976 by NFPA
in recognition of the demand for guidelines on the assembly, installation, and performance
of electrical power systems to supply critical and essential needs during outages of the normal
power source. The committee developed a base standard, NFPA 110, Standard for Emergency
and Standby Power Systems. During the process of developing NFPA 110, it was determined that
several power sources were available for emergency and standby power systems, each of which
presented unique characteristics. The committee determined that sufficient differences ex-
isted between these sources to justify a multidocument presentation, with each document
providing clearly defined specifics. Each document would follow the basic format of NFPA 110
to provide a consistent basis for comparison and usage and would remain under the jurisdic-
tion of the Technical Committee on Emergency Power Supplies.

However, because of the unique knowledge necessary to provide an authoritative document, it
was determined that a subcommittee should be established to prepare each document.

The technical committee, late in 1982, authorized a subcommittee to begin preparation of
a draft document on systems using stored energy sources. Actual drafting began in 1984. In
1986, the technical committee authorized the entry of a document tentatively titled
NFPA 110A, Stored Energy Emergency and Standby Power Systems, for adoption at the 1989 NFPA
Annual Meeting.

Designated as NFPA 111, this document addressed the performance of stored energy sys-
tems with appropriate equipment detail. It did not require the installation of stored energy
systems. Rather, it was a document that, if followed, would result in a system suitable for
various situations as required by other codes and standards.

The requirements of the standard were considered necessary to obtain the minimum level
of reliability and performance, particularly where life safety electrical power needs were in-
volved, and to achieve an on-site stored energy auxiliary electrical power source suitable to the
needs of the applicable requirements.

The second edition of the standard, in 1993, and, the first under its new designation,
NFPA 111, Standard on Stored Electrical Energy Emergency and Standby Power Systems, contained
only minor changes from the 1989 edition.

For the 1996 edition, the major change was the addition of Section 1.5, which covered the
acceptability of systems, methods, and devices other than those listed in the document.

The 2001 edition contained two changes: informational text was moved to the appendix,
and the operational testing requirements in Section 6.3 were expanded.

The 2005 edition underwent a complete rewrite in accordance with the Manual of Style for
NIPA Technical Committee Documents (MOS). Along with the MOS rewrite, the committee re-
viewed and acted upon public proposals and comments. Some of the document changes
included revision of definitions, which were located in Chapter 3. Other data in the docu-
ment were transferred to the table format for better usability.

NFPA and National Fire Protection Association are registered trademarks of the National Fire Protection Association, Quincy, Massachusetts 02169.
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The 2010 edition included a revision to the document scope to clarify that an uninterruptible power supply (UPS)
supplied through an emergency power supply (EPS) is not a stored emergency power supply system (SEPSS). The
definitions of automatic transfer switch and nonautomatic transfer switch were revised to correlate with NFPA 110, Standard
Jfor Emergency and Standby Power Systems, and new definitions covered battery cell types, bridging systems, and electro-
chemical energy storage devices. Energy sources, convertors, inverters, and accessories were covered by Chapter 5
revisions that clarified existing requirements, recognized new battery types, and provided requirements covering
stored energy sources other than batteries. Revisions to area ventilation requirements acknowledged that there might
be flammable gases other than hydrogen associated with energy sources that are not batteries. Annex diagrams were
added to illustrate flywheel and rotating EPS systems, different UPS systems, and basic switching points of an SEPSS.

The 2013 edition adds a rectifier plant, which is often used in the telecommunications industry, as a potential stored
emergency power supply system (SEPSS). These rectifier plants are also included as a suitable bridging system. The location
of SEPSS equipment has been revised for systems serving Level 1 EPSS loads. These systems are excluded from being
installed in the same room as the normal supply equipment (rated over 150 volts to ground and equal to or greater than
1000 amperes) to correlate with the requirements of NFPA 110, Standard for Emergency and Standby Power Systems.

@ 2013 Edition
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Thas list represents the membership at the time the Committee was balloted on the final text of this edition. Since that time,
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NOTE: Membership on a committee shall notin and of itself constitute an endorsement of the Association or
any document developed by the committee on which the member serves.

Committee Scope: This Committee shall have primary responsibility for documents on minimizing the risk
of electricity as a source of electric shock and as a potential ignition source of fires and explosions. It shall
also be responsible for text to minimize the propagation of fire and explosions due to electrical installations.
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This list represents the membership at the time the Committee was balloted on the final text of this edition. Since that time,
changes in the membership may have occurred. A key to classifications is found at the back of the document.

NOTE: Membership on a committee shall not in and of itself constitute an endorsement of the Association or
any document developed by the committee on which the member serves.

Committee Scope: This Committee shall have primary responsibility for documents on performance criteria
for the selection and assembly of the components for emergency and standby power systems in buildings and
facilities, including categories of power supplies, transfer equipment, controls, supervisory equipment, and
all related electrical and mechanical auxiliary or accessory equipment needed to supply emergency or
standby power to the utilization equipment. The Committee also shall be responsible for criteria on the
maintenance and testing of the system. This Committee does not cover requirements for the application of
emergency power systems, self-contained emergency lighting units, and electrical wiring, except that wiring
that is an integral part of the system up to the load side of the transfer switch(es). This Committee shall
report to Technical Correlating Committee of the National Electrical Code.
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NFPA 111
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2013 Edition

IMPORTANT NOTE: This NFPA document is made available for
use subject to important notices and legal disclaimers. These notices
and disclaimers appear in all publications containing this document
and may be found under the heading “Important Notices and Dis-
claimers Concerning NFPA Documents.” They can also be obtained
on request from NFPA or viewed at www.nfpa.org/disclaimers.

NOTICE: An asterisk (*) following the number or letter
designating a paragraph indicates that explanatory material
on the paragraph can be found in Annex A.

Changes other than editorial are indicated by a vertical
rule beside the paragraph, table, or figure in which the
change occurred. These rules are included as an aid to the
user in identifying changes from the previous edition. Where
one or more complete paragraphs have been deleted, the de-
letion is indicated by a bullet (®) between the paragraphs that
remain.

Areference in brackets [ ] following a section or paragraph
indicates material that has been extracted from another NFPA
document. As an aid to the user, the complete title and edition
of the source documents for extracts in mandatory sections of
the document are given in Chapter 2 and those for extracts in
informational sections are given in Annex C. Extracted text
may be edited for consistency and style and may include the
revision of internal paragraph references and other refer-
ences as appropriate. Requests for interpretations or revisions
of extracted text shall be sent to the technical committee re-
sponsible for the source document.

Information on referenced publications can be found in
Chapter 2 and Annex C.

Chapter 1 Administration

1.1 Scope.

1.1.1* This standard shall cover performance requirements
for stored electrical energy systems providing an alternate
source of electrical power in buildings and facilities in the
event that the normal electrical power source fails.

1.1.2  Systems covered in this standard shall include power
sources, transfer equipment, controls, supervisory equipment,
and accessory equipment, including integral accessory equip-
ment, needed to supply electrical power to the selected circuits.

1.1.3 This standard shall cover installation, maintenance, op-
eration, and testing requirements as they pertain to the perfor-
mance of the stored emergency power supply system (SEPSS).

1.1.4 Exclusions.
1.1.4.1 This standard shall not cover the following:

(1) Application of the SEPSS

(2) Distribution wiring

(8) Systems having total outputs less than 500 VA or less than
24V, or systems less than Class 0.033

\
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(4) Unit equipment

(5) Nuclear sources, solar systems, and wind stored-energy
systems

(6) Uninterruptible power systems (UPS) supplied by an
emergency power supply system (EPSS)

1.1.4.2 The following shall not be within the scope of this
standard:

(1) Specific buildings or facilities, or both, requiring an SEPSS

(2) Specific loads to be served by the SEPSS

(3) Type, class, or level to be assigned to any specific load (See
Section 4.1.)

1.2 Purpose.

1.2.1 This standard shall provide performance requirements
for SEPSS and also shall be used in conjunction with other
standards.

1.2.2 It shall be the role of other NFPA standards to specify
which occupancies require an SEPSS and the applicable level,
type, and class.

1.2.3 This standard shall not specify where an SEPSS is re-
quired. (See 1.1.4.2.)

1.2.4 This standard shall provide guidance for inspectors, de-
signers, installers, manufacturers, and users of an SEPSS and
shall serve as a basis for communication between the parties
involved.

1.2.5 This standard shall not be considered a design manual.

1.2.6 Compliance with this standard shall not absolve the par-
ties involved of their respective responsibilities for the design,
installation, maintenance, performance, or compliance with
other applicable standards and codes.

1.2.7 The installation of a stored-energy system(s) conform-
ing to this standard shall ensure that alternate power is avail-
able to minimize life safety hazards resulting from power loss
to certain continuous chemical or industrial processes, com-
puter controlled systems, emergency lighting, and the like.

1.3 Application.
1.3.1 This document shall apply to new installations of SEPSS.

1.3.2 Existing systems shall not be required to be modified to
conform except where the authority having jurisdiction deter-
mines that nonconformity presents a distinct hazard to life.

1.4 Equivalency. Nothing in this standard shall be intended to
prevent the use of systems, methods, or devices of equivalent
or superior quality, strength, fire resistance, effectiveness, du-
rability, and safety to those prescribed by this document, pro-
vided the requirements of 1.4.1 and 1.4.2 are met.

1.4.1 Technical documentation shall be submitted to the au-
thority having jurisdiction to demonstrate equivalency.

1.4.2 The system, method, or device shall be approved for the
intended purpose by the authority having jurisdiction.

1.5 Function.

1.5.1 SEPSS shall provide a source of electrical power of re-
quired capacity, reliability, and quality to loads for a given
length of time within a specified time after loss, failure, or
disruption of the normal power supply.

1.5.2 An SEPSS shall include a means to recharge the stored-
energy system.
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Chapter 2 Referenced Publications

2.1 General. The documents or portions thereof listed in this
chapter are referenced within this standard and shall be con-
sidered part of the requirements of this document.

2.2 NFPA Publications. National Fire Protection Association,
1 Batterymarch Park, Quincy, MA 02169-7471.

NFPA 1, Fire Code, 2012 edition.

NFPA 70°, National Electrical Code®, 2011 edition.

NFPA 72°, National Fire Alarm and Signaling Code, 2013 edi-
tion.

2.3 Other Publications.

2.3.1 ASCE Publications. American Society of Civil Engi-
neers, 1801 Alexander Bell Drive, Reston, VA 20191.

ASCE/SEI 7, Minimum Design Loads for Buildings and Other
Structures, 2010.

2.3.2 Other Publications.

Merriam-Webster’s Collegiate Dictionary, 11th edition, Merriam-
Webster, Inc., Springfield, MA, 2003.

2.4 References for Extracts in Mandatory Sections.

NFPA 1, Fire Code, 2012 edition.

NFPA 110, Standard for Emergency and Standby Power Systems,
2013 edition.

Chapter 3 Definitions

3.1 General. The definitions contained in this chapter shall
apply to the terms used in this standard. Where terms are not
defined in this chapter or within another chapter, they shall
be defined using their ordinarily accepted meanings within
the context in which they are used. Merriam-Webster’s Collegiate
Dictionary, 11th edition, shall be the source for the ordinarily
accepted meaning.

3.2 NFPA Official Definitions.

3.2.1* Approved. Acceptable to the authority having jurisdic-
tion.

3.2.2% Authority Having Jurisdiction (AHJ). An organization,
office, or individual responsible for enforcing the require-
ments of a code or standard, or for approving equipment,
materials, an installation, or a procedure.

3.2.3 Labeled. Equipment or materials to which has been
attached a label, symbol, or other identifying mark of an orga-
nization that is acceptable to the authority having jurisdiction
and concerned with product evaluation, that maintains peri-
odic inspection of production of labeled equipment or mate-
rials, and by whose labeling the manufacturer indicates com-
pliance with appropriate standards or performance in a
specified manner.

3.2.4% Listed. Equipment, materials, or services included in a
list published by an organization that is acceptable to the au-
thority having jurisdiction and concerned with evaluation of
products or services, that maintains periodic inspection of
production of listed equipment or materials or periodic evalu-
ation of services, and whose listing states that either the equip-
ment, material, or service meets appropriate designated stan-
dards or has been tested and found suitable for a specified
purpose.

3.2.5 Shall. Indicates a mandatory requirement.

3.2.6 Should. Indicates a recommendation or that which is
advised but not required.

3.2.7 Standard. A document, the main text of which contains
only mandatory provisions using the word “shall” to indicate
requirements and which is in a form generally suitable for
mandatory reference by another standard or code or for adop-
tion into law. Nonmandatory provisions are not to be consid-
ered a part of the requirements of a standard and shall be
located in an appendix, annex, footnote, informational note,
or other means as permitted in the Manual of Style for NFPA
Technical Committee Documents.

3.3 General Definitions.

3.3.1 Battery. Two or more cells connected together electri-
cally in series or parallel, or both, to provide the required
operating voltage and current levels.

3.3.1.1% Lead-Acid (LA) Cell. A secondary cell in which the
active material of the positive electrode is lead dioxide, the
active material of the negative electrode is lead, and

the electrolyte is dilute sulfuric acid.

3.3.1.1.1% Valve-Regulated (VRLA). A lead-acid battery con-
sisting of sealed cells furnished with a valve that opens to vent
the battery whenever the internal pressure of the battery ex-
ceeds the ambient pressure by a set amount. [1, 2012]

3.3.1.1.2% Vented (Flooded). A lead-acid battery consisting
of cells that have electrodes immersed in liquid electrolyte.
[1,2012]

3.3.1.2 Nickel-Cadmium (Ni-Cd) Cell. A secondary cell in
which the active material of the positive electrode is nickel
oxyhydroxide, the active material of the negative electrode is
cadmium, and the electrolyte is dilute potassium hydroxide.

3.3.1.3 Nickel-Metal Hydride (NiMH) Cell. A secondary cell
in which the active material of the negative electrode is a
hydrogen-absorbing alloy and the positive electrode is nickel.

3.3.2% Bridging System. A type of energy conversion equip-
ment (ECE) intended to temporarily support the critical load
with stored energy until an alternate energy source can as-
sume the load.

3.3.3%* Electrochemical Energy Storage Device. A device based
on the interrelated transformations of chemical and electric
energy, usually consisting of an anode, a cathode, and an elec-
trolyte plus such connections (electrical and mechanical) as
needed to allow the cell to deliver or receive electric energy.

3.3.4 Emergency Power Supply. See 3.3.8.1.

3.3.5 Emergency Power Supply System (EPSS). A complete
functioning EPS system coupled to a system of conductors,
disconnecting means and overcurrent protective devices,
transfer switches, and all control, supervisory, and support de-
vices up to and including the load terminals of the transfer
equipment needed for the system to operate as a safe and
reliable source of electric power. [110, 2013]

3.3.5.1 Stored Emergency Power Supply System (SEPSS). A
system consisting of a UPS, a rectifier plant, or a motor
generator powered by a stored electrical energy source; a
transfer switch designed to monitor preferred and alter-
nate load power source and provide desired switching of
the load; and all necessary control equipment to make the
system functional.

(3]
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3.3.6 Energy Conversion Equipment (ECE). A system of either
a UPS, a battery bank and battery charger (central battery sys-
tem), or a rotating motor generator (with or without inertia fly-
wheel), often supplied by a central battery system power source.

3.3.7 Internal Ohmic Measurement. A measurement of the
electronic and ionic conduction path within a cell or unit,
using techniques commonly known as impedance, conduc-
tance, or resistance tests.

3.3.8 Power Supply.

3.3.8.1% Emergency Power Supply (EPS). The source of elec-
tric power of the required capacity and quality for an emer-
gency power supply system (EPSS). [110, 2013]

3.3.8.2% Uninterruptible Power Supply (UPS). A system con-
sisting of a stored energy source, designed to continuously
provide a clean, conditioned sinusoidal wave of power un-
der normal conditions and for a finite period of time upon
loss of the primary power source.

3.3.9 Transfer Switch.

3.3.9.1 Automatic Transfer Switch (ATS). Self-acting equip-
ment for transferring the connected load from one power
source to another power source. [110, 2013]

3.3.9.2 Nonautomatic Transfer Switch. A device, operated
manually by a physical action or electrically by either alocal
or remote control, for transferring a common load be-
tween a normal and alternate supply. [110, 2013]

Chapter 4 Classification of Stored Emergency Power
Supply Systems (SEPSS)

4.1% General. Stored emergency power supply systems (SEPSS)
shall be classified as detailed in Sections 4.2 through 4.5.
4.2 Type.

4.2.1 The type shall determine the maximum time, in sec-
onds, that the SEPSS will permit the load terminals of the
transfer switch to be without acceptable electrical power.

4.2.2 The interruption time of the SEPSS types covered by
this standard shall be as provided in Table 4.2.2.

Table 4.2.2 Types of SEPSS

Type Interruption Time

Type O No interruptions — UPS carrying load, 0 sec

Type U UPS system with utility as preferred source

Type A 0.25 cycle: 0.0042 sec

Type B 1.0 cycle: 0.0167 sec

Type 10 10 sec

Type M Manual stationary or nonautomatic — no
time limit

4.3* Class. The class shall determine the minimum time, in
hours, for which the SEPSS is designed to operate at its rated load
without being refueled or recharged as shown in Table 4.3.

4.4 Category. This standard shall regulate stored energy de-
vices into the following two catagories:
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Table 4.3 Classes of SEPSS

Class Reserve Time

Class 0.033 0.033 hr (2 min)

Class 0.083 0.083 hr (5 min)

Class 0.25 0.25 hr (15 min)

Class 1.5 1.5 hr (90 min)

Class X Other time, in hours, as required by the

application, code, or user

(1) Category A includes stored energy devices receiving their
energy solely from the normal supply.

(2) Category B includes all devices notincluded in Category A
and not specifically excluded elsewhere in this standard.

4.5% Level. The level of equipment installation, performance,
and maintenance shall be as specified in 4.5.1 through 4.5.5.

4.5.1% Level 1 systems shall be installed where failure of the
equipment to perform could result in loss of human life or
serious injuries.

4.5.2% Level 2 systems shall be installed where failure of the
EPSS to perform is less critical to human life and safety.

4.5.3 All equipment shall be permanently installed.

4.5.4* Level 1 and Level 2 SEPSS shall supply alternate power
of a quality that ensures reliable operation of the load, within
the time determined by the type and for a duration deter-
mined by the class.

4.5.5 Other equipment and applications, including optional
standby systems, not defined in Levels 1 and 2 are beyond the
scope of this document.

Chapter 5 Emergency Power Supply: Energy Sources,
Convertors, Inverters, and Accessories

5.1 Energy Sources. The energy sources listed in this section
shall be permitted for use for the emergency power supply (EPS).

5.1.1 Battery Systems.

5.1.1.1 Battery Types. Electrical storage batteries having a
construction and chemical composition suitable for standby,
float service operation shall consist of one of the following:

(1) Lead-acid batteries (LA)

(2) Nickel-cadmium batteries (Ni-Cd)

(3) Nickel-metal hydride batteries (NiMH)
(4) Lithium ion (LI) batteries

5.1.1.2 Battery System Electrolyte. The following batteries
shall be permitted with either free-flowing or immobilized
electrolyte:

(1) LA
(2) Nicd
(3) NiMH

5.1.1.3 Battery Installation. Battery installations shall comply
with the following:

(1) Vented batteries (LA, Ni-Cd, NiMH) shall be installed in a
room(s) dedicated to the batteries and associated equip-
ment with approved ventilation.

(2) Vented batteries shall be mounted on open racks.
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(3) Sealed and valve-regulated batteries (VRLA, NiMH, LI)
shall be permitted in dedicated battery rooms. Batteries
shall be mounted in either of the following ways:

(a) On open racks
(b) In listed battery cabinets

(4) Distributed sealed and valve-regulated batteries (VRLA,
NiMH, LI) shall be permitted in occupied spaces and
shall be mounted in one of the following ways:

(a) In listed battery cabinets with restricted access (tool
or key required)

(b) In listed console or package style

(¢) Ina combination of (a) and (b)

5.1.2*% Mechanical Inertia Systems.

5.1.2.1 Flywheel systems shall be installed in dedicated equip-
ment rooms with restricted access or in enclosures with re-
stricted access.

5.1.2.2%* Close-coupled hybrid rotary systems shall be mounted
outdoors or in equipment rooms with suitable ventilation and
restricted access.

5.2 Energy Conversion Equipment (ECE) — General. ECE
covered by this standard shall pertain to systems utilizing elec-
trochemical devices, mechanical inertia devices, or both, with
related control, conversion, and accessory items.

5.2.1 Bridging Systems. Bridging systems shall be capable of
supporting the load for a finite period of time until the emer-
gency or standby power source is able to assume the load.

5.2.1.1%* The following electrochemical bridging systems shall
be permitted:

(1) Solid state (static) UPS systems of the following types:

(a) On-line UPS capable of assuming the load without
interruption upon loss of the primary input source

(b) Standby and off-line (UPS) capable of assuming the
load within a specified time frame and without inter-
ruption of the load operation upon loss of the pri-
mary input source

(2) Ultracapacitor systems integrated into the following types
of systems:

(a) UPS systems capable of sustaining the load without
interruption upon momentary loss or degradation of
the primary input source with or without battery

(b) Fuel cell systems capable of sustaining the load with-
out interruption upon loss of input power until the
fuel cell assumes the load

(3) Solid state (static) rectifier plants capable of providing
continuous dc power to the load(s) without interruption
or disturbance upon loss of the primary input source

5.2.2 Mechanical Inertia Systems. Flywheel systems shall sus-
tain the load without interruption upon momentary loss or
degradation of input power until power is restored or an
emergency or standby power source assumes the load.

5.2.3 Close-Coupled Hybrid Rotary Systems. Close-coupled
hybrid rotary systems shall sustain the load without interrup-
tion upon loss or degradation of input power until the genera-
tor assumes the load.

5.2.4 Level. The ECE for each level shall be of proven design
and components whose performance and reliability have been
documented.

5.2.5 Class. The ECE shall be identified by the manufacturer
for the specified class.

5.2.6 Output. The output of an ECE shall be of the voltages,
waveform, and frequency rated for the load.

5.2.7 Temperature. ECEs shall be designed to operate over
the following expected environmental temperature ranges:

(1) Indoor: 10°C to 40°C (50°F to 104°F)
(2) Outdoor: —34°C to 50°C (=30°F to 122°F)

5.2.8* Humidity. The ECE shall be designed to function in an
atmosphere having a relative humidity that can vary from
5 percent to 95 percent, noncondensing.

5.2.9 Capacity.

5.2.9.1 Class. The ECE shall have the capacity to supply power
for the class for which it is rated.

5.2.9.2 Stored Energy Recovery. Following a power outage for
the full duration of the assigned class, the ECE shall be ca-
pable of automatically resupplying the full rated load and du-
ration within the time appropriate for the technology as fol-
lows:

(1) Battery-based systems with a charger identified for the bat-
tery type and capable of recharging as follows:
(a) 60 percent within 24 hours
(b) 100 percent within 48 hours
(2) Ultracapacitor-based systems: 100 percent within 1 hour
(3) Mechanical inertia—based systems: 100 percent within
1 hour

5.3 Instrumentation.

5.3.1 Instruments. The SEPSS shall be provided with instru-
ments or other approved display means, including remote an-
nunciation capability, to indicate the requirements shown in
Table 5.3.1, where applicable to the technology.

5.3.2 Indicators. Individual visual indicators and a common
audible annunciator shall be provided for the requirements
shown in Table 5.3.2.

5.3.3* Annunciation.

5.3.3.1 The following monitoring shall be provided at a mini-
mum:

(1) For Level 1 SEPSS, local annunciation and facility remote
annunciation, or local annunciation and network remote
annunciation

(2) For Level 2 SEPSS, local annunciation

Table 5.3.1 Instrumentation Display Indicator

Level

Device 1 2
Battery voltage X X
System output voltage, each leg X X
System output current, each leg X X
System output frequency (ac output X X

systems only)

Internal battery temperature X X

(battery systems only)

X = Required.

(3]
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Table 5.3.2 Visual Indicator Display Indicator

Level

Device 1 2
Load on normal power X X
Load on emergency power X X
Output circuit breaker open X O
Output overload/overcurrent X X
High temperature X X
ECE in bypass mode X X
Low battery (if present) X X
Major alarm condition X X
Minor alarm condition X X

X = Required. O = Not Required.

5.3.3.2 For the purposes of this section, the following shall

apply:

(1) Local annunciation is located on the equipment itself or
within the same equipment room.

(2) Facility remote annunciation is located on site but not
within the room where the equipment is located.

(3) Network remote annunciation is located off site.

Chapter 6 Transfer Switches and Protection

6.1 General.

6.1.1* Switching, as used in this chapter, shall refer to any
electrical or electronic equipment that is used as follows:

(1) To transfer an electrical load from one power source to
another

(2) To perform load-switching or load-shedding functions on
any electrical load

(8) To bypass, isolate, and test any transfer or isolation switch
in the static system

(4) To isolate any faulted component inside the static system so
that it ceases to be connected to the output load terminals

(5) To bypass the energy conversion equipment (ECE)

6.1.2 Protection, as used in this chapter, shall reference
electronic-sensing or inherent overload protective devices,
such as fuses, automatic breakers, or both, that are used to
protect the static system against damage caused by faults or
overloads on either the output of the static system in its loads
or conductors, or on internal faults in the static system.

6.1.3* Equipment used with batteries or other dc sources shall
be identified and rated for the dc voltage and current.

6.2 Transfer Switches.

6.2.1 General. Transfer switches shall be rated for transfer-
ring the connected loads between the energy converter and
the building electrical service.

6.2.1.1 Transfer switches shall be permitted to be electrical or
electronic or a hybrid of both.

6.2.1.2 Any transfer switch shall be rated for transferring all
connected electrical loads from one power source to another.

6.2.1.3 Transfer switch characteristics shall be sized for the
connected electrical load.
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6.2.1.4 Transfer switches shall provide rated isolation be-
tween the electrical load and the alternate source(s).

6.2.1.5 Transfer switches shall be permitted to be separate
devices within their own enclosures or an integral part of the
ECE.

6.2.1.6 The capacity and endurance rating of transfer
switches shall be sized for all classes of loads to be served.

6.2.1.7 The method of operation of transfer switches shall
ensure that the most likely causes of switch failure result in the
loads being connected to the building service.

6.2.1.8 Means shall be provided to check the operation of the
transfer switch.

6.2.2* Switch Capacity.

6.2.2.1 The capacity of the transfer switch, electronic or elec-
tromechanical, shall be rated for all classes of loads to be
served.

6.2.2.2 The transfer switch, including all load current—
carrying components, shall be rated to withstand the effects of
available fault currents.

6.2.3 Transfer Switch Classification.

6.2.3.1 Each transfer switch shall be listed for emergency ser-
vice as a completely factory-assembled and factory-tested appa-
ratus unless under the conditions of 6.2.3.2.

6.2.3.2 Electronic or electromechanical switches that consti-
tute an integral part of the ECE shall be permitted, provided
they form part of a listed equipment.

6.2.4 Automatic Transfer Switch (ATS) Features.

6.2.4.1 General. Automatic transfer switches shall be electri-
cally or electronically operated.

6.2.4.1.1 The transfer of the load from one source to another
source shall be permitted to be automatic.

6.2.4.1.2 The retransfer shall be permitted to be automati-
cally or manually initiated.

6.2.4.2* Source Monitoring. The load source shall be moni-
tored for undervoltage and overvoltage on all of its un-
grounded input lines.

6.2.4.2.1 The ECE and the utility shall be monitored for un-
acceptable conditions.

6.2.4.2.2 If a condition that is out of tolerance is sensed, the
transfer switch shall automatically switch to the alternate
source(s) of power, provided that the alternate source(s) of
power itself is within tolerance.

6.2.4.2.3 When the preferred source of power returns to lev-
els of output within equipment tolerance in its sensed param-
eters as described in 6.2.4.2, the transfer switch shall be ca-
pable of initiating an automatic transfer to the preferred
source.

6.2.4.2.4 An adjustable time delay shall be allowed to ensure
that the preferred source is within its steady-state specification
limits before such retransfer is performed.
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6.2.4.2.5 Provision for retransfer to the preferred source also
shall be available under manual command, provided the pre-
ferred source is within tolerance.

6.2.4.2.6 Retransfer shall be permitted to be sequenced if
desired to pick up heavy loads without introducing further
disturbances.

6.2.4.3 Interlocking.

6.2.4.3.1 Interlocking shall be provided to prevent inadvert-
ent interconnection of the preferred and alternate power
sources unless under the conditions of 6.2.4.3.2.

6.2.4.3.2 Where interconnection is inherent in the system
design, the preferred and alternate sources of power shall not
be connected together longer than is necessary to transfer the
preferred sources of power, without disturbance to the electri-
cal loads connected to it, provided that such interconnection
can be sustained by the two connected sources of incoming
power without causing internal current protection features to
be initiated.

6.2.4.4* Manual Operation. Instruction and equipment shall
be provided for the manual nonelectric transfer or bypass in
the event the automatic transfer switch malfunctions.

6.2.4.5* Time Delay on Retransfer to Preferred Source.

6.2.4.5.1 An adjustable time delay device with automatic by-
pass shall be provided to delay retransfer from the alternate
source to the preferred source of power.

6.2.4.5.2 The time delay shall be automatically bypassed if
the ECE or EPS fails.

6.2.4.6 Test Switch.

6.2.4.6.1 A test switch shall be provided on each automatic
transfer switch that simulates failure of the preferred power
source.

6.2.4.6.2 The automatic transfer switch shall then perform its
intended function.

6.2.5 Nonautomatic Transfer Switch Features.

6.2.5.1 General. Manual control of switching devices shall be
permitted to be either local or remote.

6.2.5.1.1 When initiated, a device shall switch to its alternate
state and shall remain in that state.

6.2.5.1.2 Upon cessation of the initiating control action, the
device shall return to its preferred state.

6.2.5.2 Interlocking. Reliable mechanical interlocking, or an
approved alternate method, shall prevent the inadvertent in-
terconnection of the preferred and alternate power sources or
of any two separate sources of power.

6.2.5.3 Indication of Switch Position. Two pilot lights with
identification nameplates, or other approved position indica-
tors, shall be provided to indicate the switch position.

6.3 Load Switching (Load Shedding).

6.3.1 General. Where two or more static systems are paral-
leled for emergency power, the paralleled systems shall be
controlled so that excessive loading (i.e., beyond the intended
capacity of the paralleled system) is prevented or so that the
ECE goes to bypass mode.

6.3.2 Transfer Switch Rating.

6.3.2.1 Each transfer switch shall have a continuous current rat-
ing and interrupting rating for all classes of loads to be served.

6.3.2.2 The transfer switch shall be capable of withstanding
the available fault current at the point of installation.

6.3.3 Operation. First priority loads shall be switched to the
emergency bus (if not already on that bus) when the emer-
gency source is made available to their switching devices.

6.3.3.1 The remaining lower priority loads shall be switched
to the emergency bus thereafter, provided the emergency bus
is not overloaded by such switching, until all such emergency
loads of lower priority are on the emergency bus.

6.3.3.2 In the event that any static power module connected
to the emergency bus is isolated from that bus due to internal
failure, and the remaining connected power modules cannot
serve the total connected load because they are overloaded,
the total loading on the emergency bus also shall be reduced
by switching off the loads in inverse priority order, in propor-
tion to the lost power capacity of the isolated module.

6.3.3.3 Disconnecting the lower priority loads (load shed-
ding) shall cease when the load demand matches the con-
nected capacity of the remaining modules.

6.4 Bypass Switches.

6.4.1% Isolation. Bypass switches, with or without isolation,
shall be permitted for bypassing or for bypassing and isolating
the transfer switch, and if installed, bypass switches shall be in
accordance with 6.4.2 and 6.4.3.

6.4.2 Bypass Switch Rating. The bypass switch shall have a
continuous current rating and shall withstand a current rating
compatible with that of the associated transfer switch.

Exception: UPS static bypass transfer switches shall be permitted to
have a current rating and interrupting rating for all classes of loads to
be served sufficient to support all connected loads from either source.

6.4.3 Bypass Switch Classification. Each bypass switch shall be
designed for emergency electrical service as a completely
factory-assembled and factory-tested apparatus.

6.5 Protection.
6.5.1* General.

6.5.1.1 The overcurrent protective devices in the SEPSS shall
be coordinated to ensure selective tripping of the circuit over-
current protective devices when a short-circuit current occurs.

6.5.1.2 The maximum available short-circuit current from
both the utility source and the emergency energy source shall
be evaluated to verify compliance with this coordination.

6.5.2 Overcurrent Protective Device Rating.

6.5.2.1 The rating of integral devices (e.g., fuses or breakers)
shall be coordinated with the rating of downstream protective
devices, taking into account the prospective short-circuit cur-
rent available from the connected upstream power sources,
such that the downstream devices operate first to eliminate
the least critical portion of the connected electrical load.

6.5.2.2 In those cases where electronic protection is incorpo-
rated via feedback to limit the current output of the ECE, the
internal transfer switch(es) shall operate to switch the con-
nected electrical load to the alternate source.

6.5.3 Accessibility. Overcurrent devices in EPSS circuits shall
be accessible to authorized persons only.
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Chapter 7 Installation and Environmental
Considerations

7.1 General.

7.1.1 This chapter shall provide the minimum requirements
and considerations for an SEPSS relative to the installation
and environmental conditions that could adversely affect its
performance.

7.1.2 When the location of the SEPSS is evaluated, consider-
ation shall be given to the geographic location, building type,
classification of occupancy, and hazardous nature of the area.

7.1.3 The SEPSS equipment shall be installed in a manner
and location recommended by the manufacturer and accept-
able to the authority having jurisdiction.

7.1.4 Where normal power is available, the EPS shall serve
Level 1 and Level 2 system loads and shall be permitted to
serve additional loads, provided that, on failure of the normal
power, the additional loads are automatically dropped to en-
sure that the EPS has sufficient capacity to serve the Level 1
and Level 2 loads.

7.2 Location.

7.2.1* The SEPSS shall be located in a room (s) in accordance
with the manufacturer’s environmental specifications.

7.2.1.1 The location of SEPSS equipment serving Level 1
EPSS loads shall not be installed in the same room with the
normal supply equipment, where the supply equipment is
rated over 150 volts to ground and equal to or greater than
1000 amperes.

7.2.2 The rooms or buildings housing the SEPSS shall be
located to minimize the possibility of damage from flooding,
including flooding resulting from fire fighting, sewer water
backup, and similar disasters or occurrences.

7.2.3 SEPSS Equipment.

7.2.3.1 The SEPSS equipment shall be installed in a location
that allows for equipment accessibility and working space clear-
ance for the inspection, repair, maintenance, cleaning, or re-
placement of the unit per Table 110.26(A) (1) of NIPA 70, Na-
tional Electrical Code.

7.2.3.2 A separate unit emergency lighting system shall be
provided at the SEPSS location if no other emergency lighting
is present.

7.3 Heating, Cooling, Ventilating, and Humidity Control.

7.3.1 The SEPSS shall be located in an area provided with
heating and cooling capable of ensuring, both during the
time that normal power is available and during an emergency,
that the equipment is operated within the manufacturer’s am-
bient temperature specifications. (See also 5.2.7.)

7.3.2 Provisions shall be made for sufficient diffusion and
ventilation of the flammable gases from the battery or other
electrochemical energy storage devices to limit the concentra-
tion of flammable gas in accordance with NFPA 1, Fire Code, or
other applicable codes.

7.3.3 Ventilation.

7.3.3.1 For SEPSS equipment using free electrolyte batteries
with vents that allow the free evolution of gases, ventilation
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openings or airflow shall be situated to limit the possibility of
the buildup of gas pockets.

7.3.3.2 Where needed, fans used to circulate and exhaust air
shall use motors designed for the application. (See Article 480,
NFPA 70, National Electrical Code.)

7.4 Protection.

7.4.1 The room in which the EPS equipment is located shall
not be used for storage purposes.

7.4.2 Where SEPSS equipment rooms or separate buildings
are equipped with fire suppression, one of the following sys-
tems that is compatible with the battery or other electrochemi-
cal type shall be used:

(1) Clean agent gaseous systems
(2) Pre-action systems
(3) Other suppression systems approved by the AHJ

7.4.3 Where SEPSS equipment rooms are equipped with fire
detection systems, the installation shall be in accordance with
applicable standards. (See NFPA 72, National Fire Alarm and Sig-
naling Code.)

7.4.4 The SEPSS equipment shall be protected from voltage
transients due to lightning.

7.4.5% Seismic Risk.

7.4.5.1 In seismic design categories C, D, E, and F, as deter-
mined in accordance with ASCE 7/SEI 7, Minimum Design
Loads for Buildings and Other Structures, the equipment shall be
designed to reduce the risk of failure caused by the antici-
pated seismic ground motion.

7.4.5.2 The batteries shall be restrained in position, to limit
the chance of spillage or breakage due to the anticipated seis-
mic ground movement.

7.4.5.3 Outgoing bus bars and cables on battery systems shall
be braced in such a manner as to limit the chance of post
rupture where seismic ground movement is anticipated.

7.5 Distribution.

7.5.1 The grounding, distribution, and wiring systems within
the EPS shall be installed in accordance with applicable stan-
dards. (See NFPA 70, National Electrical Code.)

7.5.2 The electrical distribution system within the SEPSS
shall be complete with overcurrent and fault current protec-
tive equipment designed and sized for the system.

7.5.3 Overcurrent protective devices for batteries or other dc
sources shall be located as close as practical to the stored en-
ergy source to minimize possibility of fault.

7.5.4 Storage batteries used to power the SEPSS shall be lo-
cated as close to the SEPSS as practical, and shall be con-
nected using cable that is sized to limit the voltage drop to
levels within the manufacturer’s specifications.

7.6 Installation Acceptance.

7.6.1 Upon completion of the installation of the SEPSS, the
system shall be tested to ensure conformity with the require-
ments of this standard with respect to both power output and
function.

7.6.2 An onsite acceptance test shall be conducted to deter-
mine final approval for all SEPSS.
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7.6.2.1 For battery-based systems, the on-site test shall be con-
ducted in the following manner:

(1) With the batteries fully charged and with a connected
load bank at rated value, a normal power failure shall be
initiated by opening all switches or breakers supplying the
normal power to that load.

(2) All emergency loads, including those not normally ener-
gized, shall be included in the on-site test.

(3) The time delay between initiation of the power failure
and the assumption of the load by the EPS shall be ob-
served and recorded.

(4) The voltage and current supplied to the emergency load
and, where applicable, the frequency, waveform, and tran-
sients shall be recorded.

(5) The load test shall be continued for 15 minutes or the
rated time (class), whichever is shorter, and the following
shall be observed and recorded:

(a) Voltage and current to the load
(b) Voltage and current of the battery bank
(c) Where applicable, the frequency

(6) The normal power shall be restored to the monitored cir-
cuit.

(7) The transfer time shall be observed.

7.6.2.2 Immediately following the test specified in 7.6.2.1, the
SEPSS shall be connected to the normal power for 24 hours.
(See 5.2.9.2.)

7.6.2.3 Full Load Test. A load test shall be initiated immedi-
ately following the 24-hour recharge period required in
7.6.2.2.

7.6.2.3.1 The load test shall be performed on the site-
connected load; however, a load bank shall be permitted to be
used to augment the site-connected load, provided that it is
sized to be equal to the ECE rating.

7.6.2.3.2 The unity power factor for an ac SEPSS shall be
permitted, provided that rated load tests at the rated power
factor have been performed by the manufacturer of the SEPSS
prior to shipment.

7.6.2.3.3 The duration of the load test shall be 60 percent of
the class for which the SEPSS is rated.

7.6.3 The data specified in 7.6.2.1(3), (4), and (5) shall be
recorded each minute until the completion of the test.

7.6.3.1 After test completion, all bus bar bolts shall be inspected
and repaired as necessary and retorqued to specification.

7.6.3.2 Any batteries and bus bars that have failed shall be
replaced and so noted on test reports/records.

7.6.4 The following shall be made available to the authority
having jurisdiction at the time of the acceptance test:

(1) Factory test data on the completed system
(2) Battery specifications
(3) Vendor’s certificate of compliance to the specification

7.6.5 Baseline Measurement. A permanently installed method
of monitoring LA batteries shall be permitted based on ohmic
measurements. Ohmic measurements shall be taken of every cell
within the battery system approximately 2 weeks following the
full load test described in 7.6.2.3, or 2 weeks following the most
recent discharge thereafter. Measurements shall be taken on a
fully charged battery while float charging. The data shall be re-
corded to establish a baseline against which all future measure-
ments will be compared.

Chapter 8 Routine Maintenance and
Operational Testing

8.1 General. The SEPSS shall have routine maintenance and
operational testing based on the manufacturer’s recommen-
dations, instruction manuals, and the minimum requirements
of this chapter and subject to the approval of the authority
having jurisdiction.

8.2 Manuals, Special Tools, and Spare Parts.

8.2.1 At least two sets of instruction manuals for the SEPSS
shall be supplied by the manufacturer of the SEPSS and shall
contain the following:

(1) Adetailed explanation of the operation of the system

(2) Aschematic wiring diagram

(3) Afunction block diagram

(4) The energy storage device’s specification, installation in-
structions, maintenance information, and wiring diagrams

(5) Instructions for routine maintenance

(6) Recommended spare parts list with part numbers and
part sources

(7) Routine troubleshooting procedures

8.2.2 For Level 1, one set of the instructions shall be kept with
the equipment, and the other set shall be kept in another
secure location.

8.2.3 Special tools and testing devices required for routine
maintenance shall be available for use when needed.

8.3 Maintenance and Operational Testing.

8.3.1 The SEPSS shall be maintained so that the system is ca-
pable of supplying the service quality within the time specified for
the type and for the time duration specified for the class.

8.3.2% A routine maintenance and operational testing program
shall be initiated immediately following the acceptance test or
any repair or component replacement, including battery re-
placement. (See Table A.8.3.2 and Figure A.8.4.2 for guidance.)

8.3.3 Reproducible Records.

8.3.3.1 Areproducible record of inspection, tests, and repairs
shall be maintained on the premises (see Table A.8.3.2).

8.3.3.2 The record shall include the following:

(1) Completion of a log

(2) Notification of any unsatisfactory condition and the cor-
rective actions taken, including parts replaced

(8) Identification of the servicing personnel

(4) Documentation of a completed test of the SEPSS, accord-
ing to 8.4.1, immediately following any repair or battery
replacement

8.4 Operational Inspection and Testing.

8.4.1% Level 1 equipment shall be inspected monthly and
tested in accordance with the manufacturer’s recommenda-
tions. (See Figure A.8.4.2.)

8.4.2* Inspection of the equipment shall include the following:

(1) The battery and associated charger/control equipment
shall be checked to verify that they are in a clean and
satisfactory condition and that no exceptional environ-
mental or other conditions exist that could damage or
affect performance.

(3]
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(2) Battery electrolyte levels shall be checked, where appli-
cable, and refilled as necessary.

(3) Terminals and intercell connectors shall be cleaned and
regreased, if necessary, and cell tops shall be cleaned.

(4) Individual cell voltages shall be checked and recorded
where practical.

(5) The specific gravity of pilot cells shall be checked and
recorded, where applicable.

(6) The conditions of the plates and sediment of free-
electrolyte, LA batteries in transparent containers shall be
noted.

(7) Allindicator lamps, meters, and controls shall be checked
to verify that they are operating correctly.

(8) The load value shall be checked to ensure that it is within
the equipment rating.

8.4.3 Load Testing.

8.4.3.1 Aload test shall be performed as required by 8.4.1.
The output voltage, battery voltage, and duration of the test
shall be recorded at the beginning and at the end of the test
for each battery set.

8.4.3.2 When a method of ohmic measurements is used to
monitor LA batteries, the results shall be maintained and
checked for deviance from the baseline established at the time
of the battery system installation acceptance in 7.6.5. If data
are within the acceptable range as determined by the battery
manufacturer, annual load testing shall not be required. If
data indicate deviation outside an acceptable range deter-
mined by the battery manufacturer, the SEPSS shall be
checked at full load for the full duration for its class. A fully
rated load bank shall be used in lieu of an actual load provided
it is sized to be equal to the ECE rating.

8.4.3.3 When a history of ohmic measurements is not used or
maintained, the SEPSS shall be checked annually at full load
for 60 percent of its class. A fully rated load bank shall be
permitted in lieu of an actual load provided it is sized to be
equal to the ECE rating.

8.4.4 The SEPSS shall be checked annually at full load for
60 percent of'its class.

8.4.5 Awritten record of all checks and tests in 8.4.2 shall be
maintained and shall be accessible to the authority having ju-
risdiction. (See Figure A.8.4.2.)

8.4.6 The routine maintenance and operational testing pro-
gram shall be performed by qualified personnel.

Annex A Explanatory Material

Annex A is not a part of the requirements of this NFPA document
but is included for informational purposes only. This annex contains
explanatory material, numbered to correspond with the applicable text

paragraphs.

A.1.1.1 For emergency power systems supplied by emergency
generators, see NFPA 110, Standard for Emergency and Standby
Power Systems.

A.3.2.1 Approved. The National Fire Protection Association
does not approve, inspect, or certify any installations, proce-
dures, equipment, or materials; nor does it approve or evalu-
ate testing laboratories. In determining the acceptability of
installations, procedures, equipment, or materials, the author-
ity having jurisdiction may base acceptance on compliance
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with NFPA or other appropriate standards. In the absence of
such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdic-
tion may also refer to the listings or labeling practices of an
organization that is concerned with product evaluations and is
thus in a position to determine compliance with appropriate
standards for the current production of listed items.

A.3.2.2 Authority Having Jurisdiction (AHJ). The phrase “au-
thority having jurisdiction,” or its acronym AH]J, is used in
NFPA documents in a broad manner, since jurisdictions and
approval agencies vary, as do their responsibilities. Where pub-
lic safety is primary, the authority having jurisdiction may be a
federal, state, local, or other regional department or indi-
vidual such as a fire chief; fire marshal; chief of a fire preven-
tion bureau, labor department, or health department; build-
ing official; electrical inspector; or others having statutory
authority. For insurance purposes, an insurance inspection de-
partment, rating bureau, or other insurance company repre-
sentative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated
agent assumes the role of the authority having jurisdiction; at
government installations, the commanding officer or depart-
mental official may be the authority having jurisdiction.

A.3.2.4 Listed. The means for identifying listed equipment
may vary for each organization concerned with product evalu-
ation; some organizations do not recognize equipment as
listed unless it is also labeled. The authority having jurisdic-
tion should utilize the system employed by the listing organi-
zation to identify a listed product.

A.3.3.1.1 Lead-Acid (LA) Cell. Multiple cells make up an LA
battery. LA cells are often further identified by the type of lead
alloy. Most common is “lead-calcium.” “Lead antimony” and
“lead selenium” are also used, but are becoming rare in SEPSS
applications.

A.3.3.1.1.1 Valve-Regulated (VRLA). In VRLA batteries, the
liquid electrolyte in the cells is immobilized in an absorptive
glass mat (AGM cells or batteries) or by the addition of a gel-
ling agent (gel cells or gelled batteries).

A.3.3.1.1.2 Vented (Flooded). Flooded lead-acid batteries
have a provision for the user to add water to the cell and are
equipped with a flame-arresting vent that permits the escape
of hydrogen and oxygen gas from the cell in a diffused man-
ner such that a spark, or other ignition source, outside the cell
will not ignite the gases inside the cell. [1, 2012]

A.3.3.2 Bridging System. A bridging system is an electrical sys-
tem used to support the load only long enough to allow transfer
to an alternate energy source (such as an emergency or standby
generator, fuel cells, or an alternate utility source). Common
bridging systems are rotary, static, or hybrid UPS systems.

A.3.3.3 Electrochemical Energy Storage Device. Examples of
electrochemical energy storage devices include batteries and
ultracapacitors.

A.3.3.8.1 Emergency Power Supply (EPS). The supply in-
cludes all the related electrical and mechanical components
of the proper size and/or capacity required for the generation
of the required electrical power at the EPS output terminals.

For rotary energy converters, components of an EPS in-
clude the following:

(1) Prime mover
(2) Cooling system
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(3) Generator

(4) Excitation system

(5) Starting system

(6) Control system

(7) Fuel system

(8) Lube system (if required)

For stationary fuel cell systems, components of an EPS in-
clude the following:

(1) Fuel cell stack

(2) Cooling system

(3) Fuel system (pure Hy, reformer system or natural gas)
(4) Air supply

(5) Exhaust system (cathode, purge)

(6) Starting system (batteries, ultracapacitors)

(7) Control system

(8) Power conversion system

Chemically derived stored energy emergency supplies in-
clude, but are not limited to, batteries and fuel cells.

A.3.3.8.2 Uninterruptible Power Supply (UPS). The UPS usu-
ally monitors and tracks the voltage and frequency of the nor-
mal source. It could be the preferred or alternate source of
power to the load.

A4.1 The terms emergency power supply systems (EPSS) and
standby power supply systems, as used in this standard, include
such other terms as alternate power systems, standby power systems,
legally required standby systems, alternate power sources, and other
similar terms. Because this standard specifies the installation,
performance, maintenance, and test requirements in terms of
types, classes, categories, and levels, any one of the terms listed
might be appropriate to describe the application or use, de-
pending on the need and the preference of the parties in-
volved.

For optional standby systems, see Article 702 of NFPA 70, Na-
tional Electrical Code.

A.4.3 Selection of the EPS class should take into account past
outage records and fuel delivery problems due to weather and
other geographic/environmental conditions.

A.4.5 Itisrecognized that an SEPSS is utilized in many differ-
ent locations and for many different purposes. The require-
ment for one application might not be appropriate for an-
other application.

A.4.5.1 Typically, Level 1 systems are intended to automati-
cally supply illumination, power, or both, to critical areas and
equipment in the event of failure of the normal supply, or in
the event of damage to elements of a system intended to sup-
ply, distribute, and control power and illumination essential
for safety to human life.

Level 1 systems generally are installed in places of assembly
where artificial illumination is necessary for safe exiting and
for panic control in buildings subject to occupancy by large
numbers of people.

Emergency systems also can provide power for such func-
tions as uninterruptible power supplies, ventilation where es-
sential to maintain life, fire detection and alarm systems, pub-
lic safety communications systems, industrial processes where
current interruption would produce serious life safety or
health hazards, and similar functions. (See NFPA 101, Life Safety
Code, and Chapter 6 of NFPA 99, Health Care Facilities Code.)

A.4.5.2 Typically, Level 2 systems are intended to supply power
automatically to selected loads (other than those classed as emer-
gency systems) in the event of failure of the normal source.

Level 2 systems typically are installed to serve loads such as
heating and refrigeration systems, communication systems,
ventilation and smoke removal systems, sewerage disposal,
lighting, and industrial processes that, when stopped due to
any interruption of the normal electrical supply, could create
hazards or hamper rescue or fire-fighting operations.

A.4.5.4 Itisimportant to recognize that an SEPSS can reactin
a manner substantially different from commercial power dur-
ing transient and short-circuit conditions because of the rela-
tively small capacities of the SEPSS as compared to a commer-
cial power source.

See ANSI C84.1, American National Standard for Electric Power
Systems and Equipment — Voltage Ratings (60 Herlz).

A.5.1.2 See Figure A.5.1.2(a) through Figure A.5.1.2(c) for
examples of typical flywheel and rotating EPS systems.

Bypass
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Mains 1 = v

|
e Flywheel

FIGURE A.5.1.2(a) UPS Using Flywheel as Energy Storage.
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FIGURE A.5.1.2(b) Motor-Generator High Impedance Line
Interactive Topology.
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FIGURE A.5.1.2(c) No-Break Line Interactive Topology.
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A.5.1.2.2 Unit equipment, such as self-contained batteries,
are not within the scope of this document. [See 1.1.4.1(4).]

A.5.2.1.1 The requirements of 5.2.1.1 apply specifically to
those solid state (static) UPS systems intended to supply power
to the emergency loads during an interruption of the main
power source (usually utility power) until an alternate source
of power is available (such as a standby or emergency genera-
tor per NFPA 110, Standard for Emergency and Standby Power Sys-
tems). The intent is to cover electronic types of stored energy
systems in which power must be restored automatically and
electrically when electrical power is restored to the ECE from
a stable source. Mechanical inertia systems are specifically not
included in the section.

A.5.2.8 If the ambient temperature in the location falls below
20°C (68°F), anticondensation measures should be consid-
ered.

A.5.3.3 The minimum “remote alarm annunciation” is to
alert personnel at a constantly attended station somewhere on
the site when the facility is in use as a Level 1 system. If the site
is not continuously occupied, “network remote” should allow
people at another site to know the operating status of the
equipment.

The preferred method of remote annunciation is to notify
personnel both somewhere on the site and at other locations
via a network such as LAN, WAN, or internet, including the
ability to initiate auto-dial and send predefined text messages.

A.6.1.1 Itis the intent of 6.1.1 to apply to any point in the
system at which power is transferred from one point to an-
other, such as shown in Figure A.6.1.1.

A.6.1.3 ACratings are not suitable for dc applications. Not all
overcurrent protective devices (OCPDs) are suitable for dc.
Circuit breakers and/or fuses should be listed and labeled for
their dc rating.

A.6.2.2 See ANSI/UL 1008, Standard for Safety Transfer Switch
Equipment.

A.6.2.4.2 The load source should be monitored for fre-
quency or quality of waveform, or both.

A.6.2.4.4 Authorized, trained personnel should be available
and familiar with manual operation of the transfer switch and
should be capable of determining the adequacy of the alter-
nate source of power prior to manual transfer.

A.6.2.4.5 The timer is intended to allow the preferred source
of power to stabilize before retransfer of the load.

A.6.4.1 Consideration should be given to the effect that load
interruption could have on the load during maintenance and
service of the transfer switch.

A.6.5.1 Itis extremely important that the various overcurrent
devices be coordinated to protect against cascading operation
on short-circuit faults. Primary consideration also should be
given to prevent overloading of equipment by limiting the
possibilities of large current inrushes due to instantaneous re-
establishment of connections to heavy loads.

A.7.2.1 Separate rooms might be necessary for battery banks
for the following reasons:

(1) Possibility of corrosion
(2) Ventilation for hazardous gas accumulation
(3) Service requirements

\
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FIGURE A.6.1.1
Points.

Simplified One-Line SEPSS Switching

A.7.4.5 Consideration should be given to the location of the
emergency conversion equipment (ECE), both as it relates to
the building structure and to the effects of an earthquake.

All emergency power equipment support or subsupport
systems should be designed and constructed so that they can
withstand anticipated static or dynamic seismic forces, or
both, in any direction, with the minimum force value used
being equal to the equipment weight.

Bolts, anchors, hangers, braces, and other restraining de-
vices should be provided to limit earthquake-generated differ-
ential movements between the ECE nonstructural equipment
and the building structure. However, the degree of isolation
necessary for vibration and acoustical control of the ECE and
other equipment should be maintained.

Suspended items such as piping, conduit, ducts, and other
auxiliary equipment related to the emergency power supply sys-
tem (EPSS) should be braced in two directions to resist swaying
and excessive movement resulting from seismic ground motion.

Battery racks for ECE and electrical items or related auxiliaries,
or both, should be designed to resist internal damage and damage
at the equipment supports resulting from seismic ground motion.

Battery racks should be capable of withstanding seismic
forces in any direction equal to the supported weight. Batter-
ies should be restrained to their support to prevent vibration
damage, and electrical interconnections should be provided
with adequate slack to accommodate all relative deflections.

A.8.3.2 Maintenance procedures and frequency should fol-
low those recommended by the manufacturer. In the absence
of such recommendations, Table A.8.3.2 indicates suggested
procedures.
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Table A.8.3.2 Suggested Maintenance Schedule for Solid-State Emergency Power Supply Systems

Procedure

Visual

Item Component (as Applicable) Inspection

Check

Change Clean Test Frequency

Battery
Float voltage
Cable connections
Terminals
Electrolyte gravity
Electrolyte level X
Replace cell or battery

X
X

o
EQQ»wE

X See manufacturer’s
instructions

ECE
Power supply voltage
Terminals
Panel meters
Panel lamps
Circuit breakers, fuses

KA A

sl

e

E2wX

Every 2 years

Battery charger
Output terminal volts
Fuses X
Charge current
Equalize voltage
Panel meters
Panel lamps

KA

KA AKX

M
Every 2 years

Z=200

Load
Load current
Panel meters X

e

Transfer switch
Contacts
Test switch

X

»

Fuel cell
Check fuel supply (pressure/quantity)
Start up system
Exercise load until system heats up
Fuel supply piping
Exhaust piping
Air supply piping
Cooling system
Connectors
Fuel system pressure/leakage
Full load test
Calibrate H, detector

KA AR KK

KA
s 000

A: Annually. M: Monthly. Q: Quarterly. S: Semiannually. X: Actions.

A.8.4.1 In addition to the manufacturer’s recommendations,
the following standards provide information on battery in-
spection, testing, and maintenance:

(1) IEEE 450, Recommended Practice for Maintenance, Testing,
and Replacement of Vented Lead-Acid Batteries for Stationary
Applications

IEEE 1106, Recommended Practice for Maintenance, Testing,
and Replacement of Vented Nickel-Cadmium Batteries for Sta-
tionary Applications

IEEE 1188, Recommended Practice for Maintenance, Testing
and Replacement of Valve-Regulated Lead-Acid Batteries for Sta-
tionary Applications

(2)

(3)

Depending on the type of batteries and the manufacturer’s

recommendations, the following should be included:

(1) Monthly:
(a) Battery float voltage
(b) Pilot-cell float voltage and temperature

(2) Quarterly: Float voltage readings on all cells or multicell
units, augmented in VRLA batteries by internal ohmic
measurements on all cells or multicell units

(3) Annually: Discharge test under connected load for at least
5 minutes

A.8.4.2 Figure A.8.4.2 provides guidance for operation and
testing.

\
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SEPSS MAINTENANCE SCHEDULE CHECKLIST

Action Performed

Component Description Frequency Yes No N/A Date Completed
Battery
Check float voltage M 4 4 4
Check cable connections S 4 4 4
Clean terminals Q J J J
Test electrolyte gravity Q 4 4 4
Visually inspect electrolyte level M 4 4 4
Visually inspect and replace cell Manufacturer’s 4 4 4
or battery instructions
ECE
Check power supply voltage M 4 4 4
Check terminals S 4 4 4
Visually inspect panel meters M 4 4 4
Visually inspect panel lamps M 4 4 4
Visually inspect circuit breakers/ Every 2 years 4 4 4
fuses, check, replace, or clean
Battery Charger
Check output terminal voltage M 4 4 4
Visually inspect, check, replace, Every 2 years 4 4 4
and clean fuses
Test charge current Q 4 4 d
Check/equalize voltage Q d d |
Visually inspect panel meters M d d |
Check panel lamps M d | |
Load
Check load current Q J J J
Check panel meters M 4 4 4
Transfer Switch
Visually inspect contacts A d d d
Verify test switch S d d d
Measure and Record Values:
Date Date
Output AC Volts Charge Current
Frequency in Hz _ Prior to ac failure
Load in amperes _ 5 minutes after failure
DC Voltage Meters
Prior to ac failure -
1 minute after ac failure - Panel lamps
5 minutes after restoring ac input - Load circuit breakers
Battery Wet Lead-Acid Bus bars/cables
For each battery E— of battery systems
Measure gravity
Check electrolyte level

M: Monthly. Q: Quarterly. S: Semiannually. A: Annually.

Test performed by: Date: / /

© 2012 National Fire Protection Association NFPA 111

FIGURE A.8.4.2 Stored Emergency Power Supply System Operation and Suggested Testing Log.

\

@ 2013 Edition



ANNEX C

111-19

Annex B Diagram of SEPSS Versus EPSS Use of
Stored Energy System

This annex is not a part of the requirements of this NFPA document
but is included for informational purposes only.

B.1 Figure B.1 distinguishes the use of a stored energy system
as an SEPSS from a stored energy system being supplied from
an EPSS.

Annex C Informational References

C.1 Referenced Publications. The documents or portions
thereof listed in this annex are referenced within the informa-
tional sections of this standard and are not part of the require-
ments of this document unless also listed in Chapter 2 for
other reasons.

C.1.1 NFPA Publications. National Fire Protection Associa-
tion, 1 Batterymarch Park, Quincy, MA 02169-7471.

NEPA 70°, National Electrical Code®, 2011 edition.

NFPA 99, Health Care Facilities Code, 2012 edition.

NFPA 101®, Life Safety Code®, 2012 edition.

NFPA 110, Standard for Emergency and Standby Power Systems,
2013 edition.

C.1.2 Other Publications.

C.1.2.1 ANSI Publications. American National Standards In-
stitute, Inc., 25 West 43rd Street, 4th floor, New York, NY
10036.

ANSI C84.1, American National Standard for Electric Power Sys-
tems and Equipment — Voltage Ratings (60 Hertz), 2006.

Full capacity primary

C.1.2.2 IEEE Publications. IEEE, Three Park Avenue, 17th
Floor, New York, NY 10016-5997.

IEEE 450, Recommended Practice for Maintenance, Testing, and
Replacement of Vented Lead-Acid Batteries for Stationary Applica-
tions, 2010.

IEEE 1106, Recommended Practice for Maintenance, Testing,
and Replacement of Vented Nickel-Cadmiuwm Batteries for Stationary
Applications, 2005.

IEEE 1188, Recommended Practice for Maintenance, Testing and
Replacement of Valve-Regulated Lead-Acid Baitteries for Stationary Ap-
plications, 2005.

C.1.2.3 UL Publications. Underwriters Laboratories Inc., 333
Pfingsten Road, Northbrook, IL 60062-2096.

ANSI/UL 1008, Standard for Safety Transfer Switch Equipment,
2007.

C.2 Informational References. The following documents or
portions thereof are listed here as informational resources
only. They are not a part of the requirements of this docu-
ment.

C.2.1 NFPA Publications. National Fire Protection Associa-
tion, 1 Batterymarch Park, Quincy, MA 02169-7471.

NFPA 70B, Recommended Practice for Electrical Equipment
Maintenance, 2010 edition.

C.2.2 IEEE Publications. IEEE, Three Park Avenue, 17th
Floor, New York, NY 10016-5997.
ANSI/IEEE 446, Recommended Practice for Emergency and

Standby Power Systems for Industrial and Commercial Applications,
2002.
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FIGURE B.1 Stored Energy System Serving as SEPSS (Shown on Left) and as Equipment

Supplied Through an EPSS (Shown on Right).
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