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recommended that users consult previous editions as appropriate. In all cases, only the
current base version of this publication is to be considered the official document.
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Abstract: Abstract: Various battery systems are discussed so that the user can make informed
decisions on selection, installation design, installation, maintenance, and testing of stationary
standby batteries used in uninterruptible power supply (UPS) systems. UPS battery charging
and converter components relation to the selection of the battery systems is described. Design
requirements of the UPS components are beyond the scope of this document. Battery back-up
systems for dc-output rectifiers are also beyond the scope of this document.

Keywords: battery system, IEEE 1184™, lithium-ion (Li-ion) batteries, nickel-cadmium (Ni-Cd)
batteries, nickel-zinc (Ni-Zn) batteries, uninterruptible power supply, UPS, valve-regulated lead-
acid (VRLA), vented lead-acid batteries (VLA)
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Important Notices and Disclaimers Concerning IEEE Standards Documents

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

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

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards
through an accredited consensus development process, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. IEEE Standards are documents developed by volunteers
with scientific, academic, and industry-based expertise in technical working groups. Volunteers are not
necessarily members of IEEE or IEEE SA, and participate without compensation from IEEE. While IEEE
administers the process and establishes rules to promote fairness in the consensus development process, IEEE
does not independently evaluate, test, or verify the accuracy of any of the information or the soundness of any
judgments contained in its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all warranties,
express or implied, concerning this standard, including but not limited to the warranties of merchantability,
fitness for a particular purpose and non-infringement. In addition, IEEE does not warrant or represent that the
use of the material contained in its standards is free from patent infringement. IEEE standards documents are
supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE Standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through developments in the state of the art and comments received
from users of the standard.

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

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

Translations

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

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board Operations
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall
not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures, symposia, seminars,
or educational courses, an individual presenting information on IEEE standards shall make it clear that the
presenter’s views should be considered the personal views of that individual rather than the formal position of
IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations, consulting
information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is
important that any responses to comments and questions also receive the concurrence of a balance of interests.
For this reason, IEEE and the members of its Societies and Standards Coordinating Committees are not able to
provide an instant response to comments, or questions except in those cases where the matter has previously
been addressed. For the same reason, IEEE does not respond to interpretation requests. Any person who would
like to participate in evaluating comments or in revisions to an IEEE standard is welcome to join the relevant
IEEE working group. You can indicate interest in a working group using the Interests tab in the Manage Profile
and Interests area of the IEEE SA myProject system." An IEEE Account is needed to access the application.

Comments on standards should be submitted using the Contact Us form.?

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not constitute compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the
promotion of engineering practices and methods. By making these documents available for use and adoption
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.

!Available at: https://development.standards.ieee.org/myproject-web/public/view.html#landing.
*Available at: https://standards.iece.org/content/icee-standards/en/about/contact/index.html.
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Photocopies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual, non-
commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center,
Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400; https://www.copyright
.com/. Permission to photocopy portions of any individual standard for educational classroom use can also be
obtained through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years old
and has not undergone a revision process, it is reasonable to conclude that its contents, although still of some
value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have
the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended through
the issuance of amendments, corrigenda, or errata, visit [IEEE Xplore or contact IEEE.? For more information
about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website.* Search for standard number and
year of approval to access the web page of the published standard. Errata links are located under the Additional
Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to periodically
check for errata.

Patents
IEEE Standards are developed in compliance with the IEEE SA Patent Policy.’

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE
SA Website at https://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are

3Available at: https://ieeexplore.iece.org/browse/standards/collection/ieee.
4Available at: https://standards.ieee.org/standard/index.html.
’Available at: https://standards.iece.org/about/sasb/patcom/materials.html.

Documents

5 Document Sharing Hub
Authorized licensed use limited to: Tsinghua UniveRRYSENR:2824 Jr BRSNS §86@8vaG1:27 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1184-2022


https://www.copyright.com/
https://www.copyright.com/
https://ieeexplore.ieee.org/browse/standards/collection/ieee/
https://standards.ieee.org/content/ieee-standards/en/about/contact/index.html
https://standards.ieee.org/standard/index.html
https://ieeexplore.ieee.org/browse/standards/collection/ieee/
https://standards.ieee.org/about/sasb/patcom/materials.html
https://standards.ieee.org/about/sasb/patcom/patents.html
https://ieeexplore.ieee.org/browse/standards/collection/ieee
https://standards.ieee.org/standard/index.html
https://standards.ieee.org/about/sasb/patcom/materials.html
http://www.avadocuments.com/doc/ieee-1184-2022
http://www.avadocuments.com/doc/ieee-1184-2022

reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility.
Further information may be obtained from the IEEE Standards Association.

IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure against
interference with or from other devices or networks. IEEE Standards development activities consider research
and information presented to the standards development group in developing any safety recommendations.
Other information about safety practices, changes in technology or technology implementation, or impact
by peripheral systems also may be pertinent to safety considerations during implementation of the standard.
Implementers and users of IEEE Standards documents are responsible for determining and complying with
all appropriate safety, security, environmental, health, and interference protection practices and all applicable
laws and regulations.
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Introduction

This introduction is not part of IEEE Std 1184-2022, IEEE Guide for Batteries for Uninterruptible Power Supply
Systems.

Our society’s increasing dependence on computerized information has resulted in the expanded use of
uninterruptible power supply (UPS) systems to improve the integrity of essential power systems. These
systems require that stored energy be available to maintain operation. Although energy storage methods such
as rotating inertia, hydro, compressed air, thermal, biological, and other technologies are available, batteries
remain the preferred and most practical method of energy storage for UPS systems. An array of battery designs
and extensive technologies are available to the user. This guide is intended to inform the user of the various
battery technologies available and some of the design points to be considered when selecting a battery for
UPS applications. Some of the battery design options that result in volumetric efficiency may also result in
reduced life. This guide can help the user to become aware of the trade-offs of various designs and operating
procedures that can result in optimum battery life.

This guide may be used as a stand-alone document, but for more in-depth information on sizing, installation,
and maintenance, the reader is referred to IEEE Std 450™ [B14], IEEE Std 484™ [B15], IEEE Std 485™
[B16], IEEE Std 1106™ [B19], IEEE Std 1187™ [B21], and IEEE Std 1188™ [B22].
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IEEE Guide for Batteries
for Uninterruptible Power
Supply Systems

1. Overview

1.1 Scope

This guide provides information eiseusses—arious—battery—systems—so—that—theuser—can—make
informed-decisions on selection, sizing, installation design, installation, maintenance, and testing of

stationary standby batteries used in uninterruptible power supply (UPS) systems_having an ac

output.
the-selecton—ofthe battery—systems: Design requirements of the UPS components are beyond the
scope of this document. Battery back-up systems for de-output rectifiers are also beyond the scope o

this-doewment: While this document applies to all UPS systems, it may be impractical to implement
some of its guidance and recommendations with small, self-contained systems, such as products

intended to back up individual personal computers.
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1.2 Purpose

This guide is intended to assist those involved with batteries battery—systems for uninterruptible

power supply systems_to make informed decisions regarding the topics covered in 1.1 and the rest of

the document.

1.3 Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to the

standard and from which no deviation is permitted (shall equals is required to).6f 7

The word should indicates that among several possibilities one is recommended as particularly

suitable, without mentioning or excluding others; or that a certain course of action is preferred but

not necessarily required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard

(may equals is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or

causal (can equals is able to).

6The use of the word must is deprecated and cannot be used when stating mandatory requirements, must is used only to describe

unavoidable situations.

7The use of will is deprecated and cannot be used when stating mandatory requirements, will is only used in statements of fact.
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2. Definitions, acronyms, and abbreviations

2.1 Definitions

For the purposes of this document guide, the following terms and definitions apply. The
Authoritative-Dictionary-of IEEE Standards Dictionary Online or IEEE Std 1881™ TermsSeventhEdition

{-824—3,— should be consulted referenced for terms not defined in this clause.

aging factor: The factor included during battery sizing to compensate for the end-of-life capacity

loss.

aqueous electrolyte: An ion-transport medium, which may be immobilized, in which water is the

solvent.

battery management system (BMS): A system that includes active functions necessary to control

activities such as charging, discharging, thermal management, and safety.

NOTE—A battery management system uses application-specific algorithms to manage a

rechargeable battery by monitoring its state, calculating secondary data, reporting that data,

protecting the battery, controlling its environment and/ or balancing it,9

battery monitoring system: A permanently installed system for measuring, storing, and reporting

battery operating parameters.

commissioning: A process that assures that a component, subsystem, or system will meet the intent

of the designer and the user.

8IELE Standards Dictionary Online is available at: http://dictionary.ieee.org. An IEEE account is required for access to the dictionary,

and one can be created at no charge on the dictionary sign-in page.

INotes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to

implement this standard.
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NOTE—This includes a full or partial discharge event followed by a charge.

cycling: The repeated charging and discharging of a sterage-battery.

NOTE—Some batteries are rated by their ability to withstand repeated, deep discharge cycles.

depth of discharge: The energy ampere-hours removed from a fully charged battery, expressed as a

percentage of its rated capacity at the applicable discharge rate.

equalizing charge veltage: A charge, at a level welage; higher than the normal float voltage, applied

for a limited period of time, used to correct inequalities of voltage, specific gravity, or state of charge

that may have developed between the cells during service.

equalizing voltage: The voltage at which an equalizing charge is performed.

float charge: A constant-voltage charge applied to a battery to maintain it in a fully charged

condition, while minimizing degradation or water consumption.

float service: Operation of a dc system in which the standby—battery—at-a—continuous—charging
voltage selectedto-maintain—afull-state-of charge-and-optimize-battery spends the majority of the

time on float charge with infrequent discharge. life:

internal ohmic measurement: A measurement of the electronic and ionic conduction paths within a

cell or unit, expressed in terms of conductance, impedance, resistance, or admittance.

internal resistance: The resistance to the flow of electric current within a cell or battery.

NOTE—Used for calculating short-circuit current and sizing conductors. When applied to battery

measurements, internal ohmic measurement is preferred.

lead-acid cell: 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.
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lithium-ion cell (Li-ion): A rechargeable cell in which lithium ions move via an electrolyte from the

negative electrode to the positive electrode during discharge and in reverse when charging, and in

which the negative electrode is an intercalated lithium compound, rather than metallic lithium.

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 a dilute solution of potassium hydroxide.

nickel-zinc (Ni-Zn) cell: A secondary cell in which the active material of the positive electrode is

nickel oxvhydroxide, the active material of the negative electrode is zinc, and the electrolyte is a

dilute solution of potassium hydroxide.

nominal battery voltage: The value assigned to a battery of a given voltage class for the purpose of

convenient designation. The operating voltage of the system may vary above or below this value.

rated capacity: The ampere-hour-capacity assigned to a sterage-cell by its manufacturer for a given
discharge rate-and-time, at a specified electrolyte temperature-and-specifiegravity, to a given end-of-

discharge voltage.

temperature compensation: The adjustment of charging voltage with respect to temperature,

normally accomplished using a slope or step function.

thermal runaway: A condition that is caused by a battery charging current or other process which

produces more internal heat than the battery can dissipate.

NOTE—The emphasis of this definition is on the presence of excessive internal heat, irrespective of

the cause, which could be joule heating and/or high ambient temperature. The consequences of

thermal runaway vary by cell chemistry. An increase in current causes an increase in temperature

which results in further increase in current until the battery or unit self-destructs.
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uninterruptible power supply (UPS): A device or system that provides quality and continuity of an

ac power source through the use of a stored energy device as the backup power source during any

period when the normal power supply is incapable of performing acceptably.

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 pressure in the cell exceeds atmospheric pressure by

a pre-selected amount. VRLA cells provide a means for recombination of internally generated

oxyvgen and the suppression of hydrogen gas evolution to limit water consumption.

vented lead-acid (VLA) cell: A lead-acid cell in which the products of electrolysis and evaporation

are allowed to escape to the atmosphere as they are generated. Thesebatteries—are—commenly
referred-to-asfloeded-

NOTE — Vented cell is the preferred term that should be used in place of wet cell or flooded cell.

2.2 Acronyms and abbreviations

ABS acrylonitrile butadiene styrene

AGM absorbed glass mat (separator in a type of VRLA battery/cell)
AH] authority having jurisdiction

ANSI American National Standards Institute

ASHRAE American Society of Heating, Refrigerating and Air-Conditioning Engineers
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AWG

American Wire Gauge

BMS

battery management system CFR Code of Federal Regulations

CT

current transformer

DOD

depth of discharge

EOD

end of discharge

1BC®

International Building Code® [B8]10' 1

1cc®

International Code Coun(:il®12

IEC

International Electrotechnical Commission

IFC®

International Fire Code® [B9]13

IGBT

insulated gate bipolar-junction transistor

P

Internet Protocol

IR

infrared

IT

Information Technology

GR

Ericsson/Telcordia Generic Requirements document

HVAC

heating, ventilation, and air-conditioning

LCO

lithium cobalt oxide (a Li-ion cell chemistry)

10[BC and International Building Code are registered trademarks of the International Code Council.

113The numbers in brackets correspond to those of the bibliography in Annex A.

121CC is a registered trademark of the International Code Council.

13]FC and International Fire Code are registered trademarks of the International Code Council.
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LFP lithium iron phosphate (a Li-ion cell chemistry)

Li-ion lithium-ion (battery/cell family of chemistries)
LMO lithium manganese oxide (a Li-ion cell chemistry)
LTO lithium titanite oxide (a Li-ion cell chemistry)

M monthly

max maximum

MOSFET metal-oxide semiconductor field effect transistor

MTBE mean time between failure

MTS Maintenance Testing Standard

NCA nickel cobalt aluminum (a Li-ion cell chemistry)
NEBS™ Network Equipment—Building System 14

NEC® National Electrical Code® (NFPA 70-2020 [B31])1°

NEMA® National Electrical Manufacturers Association 10

NETA® International Electrical Testing Association
NFPA National Fire Protection Association
Ni-Cd nickel-cadmium (battery/cell)

14NEBS is a trademark of Ericsson’s Telcordia standards division.

15The NEC is published by the National Fire Protection Association (https://www.nfpa.org/). Copies are also available from the

Institute of Electrical and Electronics Engineers (https://standards.ieee.org/).

16NEMA publications are available from the National Electrical Manufacturers Association (https://www.nema.org/).
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Occupational Safety and Health Administration (of the U.S. Department of Labor)

plastic-bonded electrode (one type of plate construction in Ni-Cd cells)

Ni-Zn nickel-zinc (battery/cell)

NMC nickel manganese cobalt (a Li-ion cell chemistry)
nom nominal (voltage)

oc open circuit (voltage)

OSHA

P (strings) in parallel

PBE

PC polycarbonate

PIP Process Industry Practices

PP polypropylene

PS polystyrene

PVC polyvinyl chloride

S (cells) in series

SAN styrene-acrylonitrile

SCR silicon-controlled rectifier

SELV safety extra-low voltage

SNMP Simple Network Management Protocol
SOC state of charge

SOH state of health

TCP Transmission Control Protocol
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UuL® Underwriters Laboratories!”

uPS uninterruptible power supply

VLA vented lead-acid
VRLA valve-regulated lead-acid
3. Battery types

3.1 General

Battery types are typically characterized by their general chemistry. For example, stationary batteries

can be found as lead-acid, nickel-cadmium, lithium-ion, etc. All batteries will store energy, but the

chemistry determines the vast majority of the important considerations and differences, such as cell

voltage, mode-of- failure, and service life. The chemistry is also key to the sizing, performance, and

maintenance differences. Additionally, within the chemistry, there are often design variations used

by manufacturers to optimize the performance for specific applications.

The smallest unit of a battery is the cell, which has the following basic components:
— Container

— Positive plates

— Separators/retainers

— Negative plates

— Electrolyte

— Cover

— Flame arrestor with vent or valve for aqueous chemistries

17uL publications are available from Underwriters Laboratories (https://www.ul.com/).
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— Plate straps, terminal posts, and other current-carrying components

These components may be designed and implemented in various ways to optimize performance for

specific applications. (See Annex C and Annex D.)

3.2 Performance considerations

Battery designs within each chemistry are often categorized by their discharge times availablefor

Lo follows . lcations:

— Long-duration (i-e.g., telecommunications or low discharge rate) batteries are designed for

applications in which the standby loads are relatively constant current, and the battery is

required to supply these loads for a minimum of 3 h-—teng-duration-batteriesare-characterized
by-thickerplates.

— General-purpose (ie.g.,, switchgear and control) batteries are similar to the long-duration

battery, but have additional design features to reduce internal resistance. improve-conduetivity-

In uninterruptible power supply (UPS) applications, general purpose vented designs are this

design-is-best suited for discharge times of 1 h to 3 h, or duty cycles that include both high-rate

discharges and long-duration discharges.

— Short-duration (also known as {i-e-JPS-ex high--ischarge-rate) batteries are designed to supply

large-amounts-ef-power for a relatively short period of time (—Fhinner-plates- typically less than
1 h, and often designed for 5 min to 15 min of backup). High-rate eharacterize-shert-duration

batteries_are the most commonly used —Fhese-batteries are-bestsuited—for UPS applications
. . 1 orloss,

In addition to these designs, which typically serve stationary standby or float service applications,

there are batteries optimized available for a variety of other applications_(such as engine starting

[very high-rate], heavy cycling, etc.). Such batteries are rarely used for UPS applications.
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Because of the size and cost to provide long-duration backup power, the traditional Information

Technology (IT ) UPS battery has been historically sized for 15 min or shorter discharge times, with

an automatic transition to a generator. Increased confidence in backup standby power systems, such

as the diesel engine generator plant, has led to the reduced backup time of the IT UPS stationary

battery. This is exemplified in the ever more common selection of a 5 min or less battery run time.

There are important considerations and cautions that should be evaluated if such a shortened

battery runtime is selected.

Note that changing out a UPS battery from one basic cell chemistry to another generally requires

system adjustments in float voltages, boost voltages, alarm threshold settings, maintenance

procedures, etc.

3.3 Safety standards

Battery safety is a concern for regulatory bodies and jurisdictions around the world. Therefore,

many have imposed rules regarding such things as energy, spacing, etc. For example, the IFC [B9],

NFPA 1 [B30], NFPA 70 [B31], NFPA 70E [B32], and NFPA 855 [B34] contain safety restrictions for

the various battery chemistries. The relevant codes8 should be checked for their impact, if any, on

the selection of battery chemistry.

3.4 Vented lead-acid (VLA) batteries

3.4.1 General

VLA cells are constructed with the liquid electrolyte completely covering (flooding) the elesely

spaced—plates. The electrolyte maintains uniform contact with the plates. Depending on plate

thickness, and<{ameng other factors, the) cells ef-this-design-can be designed for a range of discharge

times (see 3.2 and

{See Annex C).

18Model codes can be adopted in whole or in part by local jurisdictions, and they can impose additional requirements or make

exceptions. Even when model codes are adopted, they may not be the latest revision.
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3.4.2 Voltage characteristics

Average recommended float voltages of VLA cells Thefully-chargedlead-acid—ecell- has—an—open

and-typicallyrangesfrom2.06-V/eell-to-210-V/eellThefloat-voltages range from 2.15 V/cell to 2. 26

30 V/cell, depending on individual-cell-design, temperature, specific gravity, and manufacturer

recommendations._In the rare cases where temperature- compensated charging is used (see 4.4.1)

with VLA cells, average voltages may be outside this range.

If VLA cells are equalized, the average recommended equalize voltage ranges from 2.33 V/cell to

2.45 V/cell. During discharge, design end voltages in UPS applications typically range from 1.60

V/cell to 1.75 V/cell.

3.4.3 Construction

Lead-acid batteries are described by their plate construction and the alloying elements (if any) that
are used to strengthen the plate structure. Several designs have been created to improve
performance characteristics, including cycling and life expectancy. Each design, however, places its

own constraints on cell operation. (See C.2 for plate construction.)

3.4.4 Flame-arrestors

After the VLA cell(s) are stationed on a suitable battery rack (either temporarily or permanently) and

prior to placing a charge on the cells, shipping plugs should be replaced with the correct flame-

arrestors for the container. Flame arresters allow the exchange of gases between the inside of the cell

container and the ambient air without presenting a risk of an unintended flame or spark entering the

container and igniting the hydrogen and oxygen gas in the headspace. Flame arrestors are required

(see NFPA 70-2020 [B31] for example) and should be periodically inspected (NFPA 70E [B32]).
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3.5 Valve-regulated lead-acid (VRLA) batteries

3.5.1 General

VRLA cells are sealed, with the exception of a valve that opens as required to relieve-exeessive
internal pressure. These cells provide a means for recombination of gases to limit water
consumption. This is accomplished by allowing oxygen evolved from the positive plate to pass
across to the negative, where the_recombination reaction occurs. The valve regulates the internal

pressure to optimize recombination efficiency; hence, the term “valve-regulated.”

VRLA cells are more sensitive to elevated operating temperatures and abusive conditions. In

extreme cases such abuse this can lead to can lead to thermal runaway of VRLA batteries. {See 5:4.

6.3 2-AnnexC for further information on recombination heating and thermal runaway of VRLA

batteries eonstruction).

3.5.2 Voltage_characteristics

Average recommended float voltages of VRLA cells range from 2. The-fully-charged VREA—<cel-has

to 230 35 V/cell, depending on individual—eell—design, temperature, specific gravity, and

manufacturer recommendations. If temperature-compensated charging is used (see 4.4.1), average

voltages may be outside this range.

It is not generally recommended to equalize VRLA cells.

During discharge, design end voltages in UPS applications typically range from 1.60 V/cell to 1.75

V/cell.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 11:21:27 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1184-2022


http://www.avadocuments.com/doc/ieee-1184-2022
http://www.avadocuments.com/doc/ieee-1184-2022

3.5.3 Construction

3.5.3.1 General

Construction of VRLA batteries is similar to VLA batteries, but the following subclauses note some

differences.

3.5.3.2 Recombination

A VRLA battery utilizes a one-way, pressure-relief valve system to attain a gas “recombinant”

mechanism. Normal float charging breaks down water to produce oxygen at the positive plate,

which passes through voids in the electrolyte/separator to the negative, where it recombines with

hydrogen ions to produce water, thus retaining moisture in the battery and suppressing hydrogen

evolution. A small proportion of the float current will unavoidably lead to corrosion of lead in the

positive grid to produce lead dioxide. In this case, water has been consumed, but the oxygen is

unavailable for recombination and the only possible reaction at the negative plate is hydrogen

evolution. This reaction causes a gradual increase in internal pressure, which results in periodic

release of hydrogen through the pressure relief valve. The water consumed in this process cannot

normally be replaced and there is a gradual dry-out of the cell.

3.5.3.3 Electrolyte immobilization

One of the requirements for effective recombination is that the electrolyte must be immobilized.
There are two means by which this can be accomplished, known as absorbed electrolyte and gelled

electrolyte.
3.5.3.3.1 Absorbed electrolyte cells systems

VRLA cells of this design are constructed with a controlled volume of liquid electrolyte contained in

a highly absorbent non-woven glass-fiber mat, compressed blettertike—separator—positioned

between closely spaced plates.
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The topology of this type of VRLA cell generally FThis—nen-woven—separator distributes the

electrolyte uniformly and maintains it in contact with the plate active material, while permitting the

passage of oxygen evolved during charging. Cells with absorbed electrolyte technology have
inherently low internal resistance and can be designed to provide a very high-rate, short-duration
discharge. Because of the use of this non-woven separator material, the topology for this type of

VRLA cell is generally referred to eurrent—Cells—with—abserbed—electrolyte—are—alsotnown—as
“absorbed glass mat “(AGM). &ypes-

3.5.3.3.2 Gelled electrolyte cells systems

VRLA cells of this design are similar to vented designs, except that the electrolyte has been
immobilized by addition of a paste like gelling agent, hence the common name “gel cell.” gelled-to
immobilizeit They have eanprovideahichrate,shert-duration-eurrentbutbeeause-of-the-higher
internal resistance than their AGM counterparts, so they are less frequently used for high-rate, short-

duration discharges net-as-effective-as-the-abserbed-electrolyte-design. However, the higher thermal

conductivity in gelled designs makes them better suited for elevated temperature and high dc bus

ripple applications (see Annex I) than-equivalent-abserbed-electrolyte—cells. A gelled electrolyte cell
is typically heavier and larger than an AGM abserbed-eleetrolyte cell for a given capacity. Gelled

electrolyte cells are more resistant to the effects of overdischarge than AGM.

3.5.4 Valves and flame arrestors

Whichever electrolyte immobilization technique is selected, this cell design will employ a pressure

relief valve, which has typically been tested for safety (UL 1989 [B40]). This valve is designed to:

— Limit the maximum pressure within the cell, and control the pressure to improve recombination

— DPrevent the oxygen of the atmosphere from entering the cell and discharging the negative

plates.

If this valve or other seals should fail, the cell would start to perform as a vented cell, release gases,

and eventually dry out.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 11:21:27 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1184-2022


http://www.avadocuments.com/doc/ieee-1184-2022
http://www.avadocuments.com/doc/ieee-1184-2022

Under most operating There—-are—conditions, the headspace of a VRLA cell does not contain an

operation—where explosive gas mixture (see 3.5.3.2. However, under certain conditions, it may
contain both mixtures-ofhydrogen and oxygen, and thus a maybe-present; therefore; flame arrestor

is integrated into the cover and/or valve/vent assembly to prevent flames or sparks from entering

the cell and igniting the gas mixture. arrestors-sheuld-be-provided:

In some VRLA cells, for the purpose of extending product life, the valve assembly also contains a

catalyst, which serves to further decrease released gas (and thus dry out) and increase negative plate

polarization.

3.6 Vented nickel-cadmium (Ni-Cd) batteries

3.6.1 General

Ni-Cd batteries use an alkaline electrolyte (potassium hydroxide). The active materials are nickel

oxyhydroxide (NiOOH) in the positive plate, and cadmium metal (Cd) in the negative plate.

The electrolyte in the Ni-Cd battery does not take part in the overall cell reaction, so the specific
gravity does not change during charge and discharge. The electrolyte retains its ability to transfer
ions between the cell plates, irrespective of the charge level, and alse-acts as a preservative of steel

components in the cell mechanical structure.
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The batteries are resistant to mechanical and electrical stresses, operate weH—over a wide

temperature range, and can tolerate frequent shallow or deep discharging.

3.6.2 Voltage characteristics

Average recommended float voltages of Ni-Cd cells range from 1.39 V/cell IEEE Std 1115 [B20]) to

1.45 V/cell, depending on design, temperature, and manufacturer recommendations. In the rare

cases where temperature-compensated charging is used (see 4.4.1) with Ni-Cd cells, average

voltages may be outside this range.

If Ni-Cd cells are given a high-rate charge, the average recommended voltage ranges from 1.45

V/cell to 1.55 V/cell.

During discharge, design end voltages in UPS applications typically range from 1.00 V/cell to 1.14

V/cell.
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3.6.3 Construction

Several designs of vented Ni-Cd batteries are available, depending on plate construction. The
designs most commonly used eesigns-are the-pocket plate, the-fiber plate, the-sintered plate, and

foam plate. Sintered and foam positives are combined with the plastic bonded negatives plate. The

construction of Ni-Cd batteries is detailed in Annex D.

Similar to vented lead-acid designs, vented Ni-Cd cells are_usually designed with varying plate

thickness. For long-duration, low-discharge rates, thick plates (3 mm to 4 mm) are used. Medium
rate cells, often used in applications where a combination of high- and low-discharge currents is
required, have thinner plates (2 mm to 3 mm). For short-duration, high-rate_performance_(i.e., most

UPS applications), which depends more on the active plate surface available rather than the total

amount of active material, thin plates (0.8 mm to 1.5 mm) are used.

3.6.4 Ventilation caps

Vented Ni-Cd cells are supplied with required (NFPA 70-2020 [B31]) flame-arresting vent caps

which allow gasses produced inside the cell to escape to the atmosphere while preventing the

propagation of sparks or flame through the arrestor. These are supposed to be periodically inspected

(NFPA 70E [B32]).
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3.7 Partially recombinant Sealed Ni-Cd batteries

Partially recombinant Ni-Cd cells are similar to their vented counterparts with several notable

exceptions. Partially recombinant Ni-Cd cells typically utilize a felted separator instead of a grid

separator between the plates with the intent of increasing the gas recombination characteristics of

the cell. Some designs are fitted with a self-sealing, low-pressure valvel9 (sometimes fitted with a

catalyst) instead of the standard vent which also reduces water loss. Partially recombinant Ni-Cd

cells have a significantly reduced gassing rate compared to vented Ni-Cd cells. Recombination

efficiency is usually on the order of 90% or greater resulting in a lower maintenance requirement

due to extended watering intervals, typically up to the service life of the battery. Partially

recombinant Ni-Cd cell design still maintains a large free electrolyte reserve inside the cells.

Electrolyte immobilization is not used, thereby nearly eliminating the potential for thermal runaway

due to battery dry-out.

3.8 Nickel-zinc (Ni-Zn) batteries

3.8.1 General

Chemically, the nickel-zinc cell is similar to a nickel-cadmium cell. The cell construction utilizes a

nickel positive electrode and a zinc negative electrode. The electrolyte is an alkaline metal hydroxide

solution.

19Hermetically sealed Ni-Cd cells are limited in capacity and cannot be float-charged. Therefore, they are not applicable to the UPS

applications discussed in this document.
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3.8.2 Voltage characteristics

Nickel-zinc chemistry open-circuit voltage is approximately 1.73 V, and has a nominal voltage of 1.6

V.

It is not recommended to float charge Ni-Zn technology. Maximum recommended charge voltage

range for Ni-Zn cells is approximately 1.88 V/cell to 1.90 V/cell. Charge controllers may be installed

with the batteries that intermittently charge and rest the batteries.

During discharge, design end voltages in non-industrial UPS applications typically range from 1.00

V/cell to 1.10 V/cell.

3.8.3 Construction

Nickel-zinc cells may be either hermetically sealed2Y or sealed with the exception of a pressure relief

valve in each cell to maintain an optimal pressure range inside the cell. Since the battery is

recombinant, positive pressure is necessary. The sealed cell with the pressure relief valve

construction is typically a prismatic design and may be packaged as either a single cell or as a multi-

cell unit.

The nickel-zinc cell is tolerant of temperature extremes ranging from —20 °C to 50 °C (-4 °F to 122

°F).

3.8.4 Chemistry

The active material of the positive electrode is nickel oxyhydroxide; and for the negative electrode it

is high surface area metallic zinc. The electrolyte is typically an alkali metal hydroxide solution in

which specific additives may be added to modify the charge—discharge behavior of the zinc

electrode to help inhibit dendrite formation.

20sealed Ni-Zn cells are limited in capacity and cannot be float-charged. Therefore, they are not applicable to the UPS applications

discussed in this document.
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Oxvgen generated at the positive electrode is recombined at the negative electrode. This process is

not 100% efficient, so some hydrogen evolution occurs at the negative electrode. Recombination of

that hyvdrogen can also occur at the positive electrode. The latter reaction is much slower than the

reaction at the negative electrode and requires higher pressure or the presence of catalysts before

there is significant impact on cell chemistry.

3.9 Lithium-ion (Li-ion) batteries

3.9.1 General

The term Li-ion battery covers a broad range of chemistries that all have the common characteristics

of using lithium ions as the charge carriers, and a distinctive method of storing these ions within the

electrode layers, known as intercalation. This prevents lithium metal from ever being present within

the cell, one of the key safety requirements.

Subclauses 3.9.2 through 3.9.5 provide general information on Li-ion technology. Additional details

are provided in Annex E.

3.9.2 Voltage characteristics

The voltage characteristics of the various commercial Li-ion chemistries have some variance. See

Table 1, but consult the manufacturer documentation and follow their recommendations for voltage

settings.

Some Li-ion technologies have a sloping characteristic of voltage as a function of state of charge, and

100% of rated capacity is only available at a specific float voltage. Floating at a lower voltage will

decrease available capacity, while also extending life to some extent. Do not charge above the

maximum voltage as this could lead to battery disconnection or possibly even a fire.
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Table 1—Typical cell voltage characteristics of various Li-ion chemistries

Chemistry WV pomrer Vioat EOD,
Lithium cobalt
oxide (LCO)
Mickel cobalt
aluminum (NCA)
Nickel manganese
cobalt (INMC)
Lithinm manganese
oxide (LMO)

Lithium iron 32t033 3.6t03.7 28
phosphate (LFP)

Lithium titanite 231024 271028 18102.0 15
oxide (LTO)

opica EOD

36t038 40t042 30

[
[

[
LA

New

3.9.3 Construction

3.9.3.1 Li-ion cell

Li-ion electrodes require compression to maintain their desired internal impedance. Cylindrical cells

naturally maintain electrode compression. Prismatic and pouch cells may require structural

containers or external compression for proper operation.

Cells evolve no gases during normal operation. Because of this, the cells are fully sealed, with only a

one-time vent for safety. Cells can also have safety devices built internally, such as current, pressure,

or thermal fuses. Additional description of cells can be found in IEEE Std 1679.1 [B27].

3.9.3.2 Battery architecture

Lithium-based battery systems generally contain the individual cells, the battery management

system (BMS), safety systems as necessary, thermal systems as necessary, and either a charger or the

interface to an external charger.
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The individual cells in a Li-ion battery are generally small in capacity compared to the other

chemistries covered in this document, so they must not only be placed in series to achieve the

desired voltage(s), but they are often internally paralleled as well to achieve the desired capacity in

an individual module or string. The individual modules are then placed in series and/or parallel to

obtain the overall desired system capacity, similar to what is done with multi-cell lead-acid units

and strings. Unlike traditional lead-acid or Ni-Cd batteries, each module and/or string of a Li-ion

battery system has its own BMS.

All series-connected strings of cells are subject to single points of failure in the individual cells and

intercell/ unit connections, but Li-ion batteries (or any battery using a BMS) have an additional

single point of failure of the BMS. So, Li-ion battery systems for medium-sized and large UPS are

usually deploved in configurations (such as parallel strings) where the failure of a single BMS will

not remove all of the capacity of the overall battery system from the dc bus. This is similar to the

idea of multiple strings of VRLASs in a medium-sized or large UPS.

Because of the proprietary nature of the cells, it is common for a Li-ion manufacturer to provide, and

also require, that only their BMS may be used with their cells.

3.9.3.3 Battery management system (BMS)

A key determination in evaluating a lithium-based battery is the ability of its BMS to reliably and

safely monitor and control the parameters of operation. Common monitoring functions of the BMS

include cell voltage (which it also controls via balancing circuitry), battery voltage, cell temperature,

string current, and ambient temperature. The BMS may also monitor ancillary systems (if included),

such as the operation of the heating, ventilation, and air-conditioning (HVAC) system, safety devices

(such as contactors, fuses, or circuit breakers), and the charger operation. The BMS verifies that

charging and discharging operations are within the allowed parameters and provides actions and

alarms as required. Often the BMS is built into the battery pack/ module, and the modules/packs are

then paralleled (for small UPS there may only be one of these modules/ packs with the BMS built in).

In these cases, there may be a primary BMS that communicates with all of the other BMS via a

communication bus. This primary BMS then becomes the primary interface for the UPS electronics

and/or the UPS user.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 11:21:27 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1184-2022


http://www.avadocuments.com/doc/ieee-1184-2022
http://www.avadocuments.com/doc/ieee-1184-2022

Dry contacts may also be provided to interface with the UPS for alarms and warnings and other

functions. Often the UPS does not need to use a communication bus to control the battery, but

charging current and voltage set-point should be agreed upon with the battery manufacturer.

3.9.4 Types of Li-ion batteries

Li-ion battery types can be distinguished by many characteristics. The two most common

differentiators are discharge performance and chemistry.

Application-specific Li-ion designs are most commonly differentiated by their optimized discharge

rate. Batteries designed to have higher energy capacity and allow runtime measured in hours are

often referred to as energy cells. Energy cells have high energy density and specific energy but lower

current-carrying and heat-dissipating abilities. Cells designed to offer high power densities are

referred to as power cells. A higher portion of the energy can be supplied to the load in a short period

of time (minutes) and at a higher current. This characteristic makes power cells the dominant choice

for UPS applications. Because power cells have a lower energy density and lower internal resistance,

they generate less heat and can dissipate that heat more readily.

Li-ion cells are also commonly differentiated by their internal chemistry, primarily that used in the

positive electrode. New formulations are being continuously tested and offered to extend the limits

of today’s Li-ion battery technology. Li-ion batteries are often classified according to the active

positive chemical material.

There are variations of each base chemistry, many of which are proprietary and exclusive to a single

manufacturer. For example, lithium nickel manganese cobalt (NMC) can be used as a positive

electrode material, and thus the Li-ion cells is described as an “NMC type.” However, the ratio of

materials within this NMC chemistry for one manufacturer and model might have a 1:1:1 ratio of

nickel, manganese, and cobalt, while an NMC chemistry with a different model number and/or

manufacturer might have a ratio of 5:2:3. This can result in significant differences in the cell

performance and attributes, including performance, safety, and life.
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The commercially common types of Li-ion chemistry include:

—  LCO (lithium cobalt oxide)

—  NCA (lithiumnickel-cobalt-aluminum oxide)

—  NMC (lithium nickel-manganese-cobalt oxide)

— MO (lithium manganese oxide)

—  LFP (lithium iron phosphate)

—  LTO (lithium titanate oxide —a negative material)

Each chemistry has differing attributes in the important characteristics of:

—  Operating voltage

—  Safety

—  Performance

—  Life on float

—  Cyclelife

—  Cost

Some manufacturers mix or blend the aforementioned chemistries to optimize the characteristics for

the application. As this is a rapidly changing area, it is important that the user examines all

attributes of the cell type under consideration to check that it is appropriate for the application.

Additional guidance in this area is provided in Clause 4 of this document. If more detail is desired

on some of the most common base chemistries, consult IEEE Std 1679.1 [B27], among other sources.
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3.9.5 Safety

Li-ion batteries have so far proven to have more inherent safety issues than the other technologies

covered in this document, thus additional guidance on design for safety is given here in this

subclause.

Due to their higher specific energy and a greater sensitivity to abuse, Li-ion batteries need to be

properly managed. The level of management depends on specific chemistry chosen. If improperly

managed, some Li-ion batteries can reach a “thermal runaway” state relatively easily. For further

details, see Figure 2 in IEEE Std 1679.1-2017 [B27].

For safety reasons, it is important that Li-ion batteries be qualified to UL 1973 [B39] and/or IEC 62619

[B13]. (Note that the IEC 62619 standard allows for two methods of initiating cell thermal runaway:

internal short circuit and external heating, while UL 1973 only allows external heating. Internal

shorting more closely reflects real-life cell failures but requires that special cells be produced to

allow the short to be initiated. External heating is less realistic but easier to implement.)

Large-scale fire testing (UL 9540A [B42]) helps the authority having jurisdiction (AH]) and code

officials to understand the severity of reactions involved with a battery fire. Such testing will be

required whenever it is proposed to exceed the size and spacing limitations in the applicable code.

4. Selection considerations

4.1 General

Many factors affect the decision of what battery technology to use to support a UPS. The following

subclauses provide some of the technical attributes of the various battery technologies used in UPS

so that users can compare the attributes of most importance to them.
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Almost all types of battery cells (regardless of chemistry) can be optimized for cycling, long-

duration, medium-duration, high-rate, and engine-starting (super high-rate). High-rate designs are

typically chosen for UPS applications with backup times under 60 min, medium-duration designs

for UPS backup times between 1 h to 3 h, and long-duration designs for UPS with reserve times

longer than 3 h.

4.2 Reliability

Reliability is affected by many factors, including but not limited to:

— Application

— Environmental conditions

— Battery technology

— Number and depth of discharge cycles

— Open-circuit versus short-circuit failure modes

— Maintenance

— Reliability of battery management system
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4.3 Battery footprint and floor loading

Considerations for footprint and floor loading include (but are not limited to):

— Code requirements

—  Weight and volume
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— Battery technology

— Available space

— Floor load capacity

— Orientation

— Environment

— Seismic requirements

— Ventilation

4.4 Battery life

4.4.1 Operating temperature

4.4.1.1 General

Rated performance of cells is typically between 20 °C and 25 °C. Prolonged use at elevated

temperatures will shorten battery life. Low-temperature operation will reduce battery capacity.

Cooler temperatures (below 20 °C will lengthen life (especially if float voltage is properly

compensated for the lower temperature with VRLA batteries, but the effect is not as pronounced as

the premature aging effect of temperatures above 25 °C, and the manufacturer will not provide a

longer warranty for these cooler temperature operating environments.
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Battery charging temperature compensation may reduce the effect of temperature on battery life.

location with an ambient below the rated temperature will affect sizing. Refer to IEEE Std 485 [B16],

IEEE Std 1115 [BZO],4 and IEEE Std 1679.1 [B27] 1335.

44.1.2 VLA

Vented cells are more tolerant to environmental and system variations abuses than VRLA.

The location and arrangement of cells should result in no greater than a 3 °C temperature differential
between cells at a given time. Avoid conditions that result in spot heating or cooling, as temperature

variations will cause the battery to become electrically unbalanced. Typically, for VLA batteries,

batteriesis-that-prolonged use at elevated temperatures will reduce the battery life by approximately

50% for every 10 8°C rise in electrolyte temperature above 25 °C. Ni-Cd-cells-areless-atfected,witha
Life roduet o 0% £t . .
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4.4.1.3 VRLA

For VRLA batteries, optimal gas recombination is a function of operating temperature and float
voltage. The additional issues of possible dry-out and thermal runaway with VRLA batteries should
be carefully assessed for elevated temperature operation. Consideration should also be given to
current limiting chargers for elevated temperature applications. In addition, the use of temperature-
compensated chargers is recommended for those applications where temperature variations can be

expected. The location and arrangement of cells should result in no greater than a 3 °C temperature

differential between cells or multi-cell units at a given time. Avoid conditions that result in spot

heating or cooling, as temperature variations will cause the battery to become electrically

unbalanced. Typically, for VRLA batteries, prolonged use at elevated temperatures will reduce the

battery life by approximately 50% for every 8 °C rise in electrolyte temperature above 25 °C. The

difference in aging rate between VRLA and VLA cells is because the exothermic recombination

reaction causes a slight elevation in operating temperature for VRLA units.

4.4.1.4 Ni-Cd

A Ni-Cd battery will not be damaged by low temperatures or freezing. Typically, for Ni-Cd
batteries, prolonged use at elevated temperatures will reduce With-a-nermal-electrelyte; the battery

life by approximately 20% for every 10 °C above 25 °C. Depending on the technology, temperature-

compensation of the charging voltage may not be recommended above 25 °C. Consult the

manufacturer for recommendations. will-eperate-at-temperatures—astow—as—202C—with-ahigher

Ni-Cd batteries are often chosen for wider operating temperature ranges because the effects on the

lifetime of the battery are not as significant as they are for lead-acid or Li-ion. This is partially

because the Ni-Cd grids do not corrode via an exothermic reaction because the potassium hydroxide

electrolyte is only a charge carrier.
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4.4.1.5 Ni-Zn

Nickel-zinc batteries offer many of the same benefits as nickel-cadmium with regard to operating

temperature. Nickel-zinc batteries will function at temperatures as low as —20 °C and as high as 50

°C. The optimum operating temperature is from 10 °C to 35 °C with some short-duration excursions

at higher temperatures tolerated well.

4.4.1.6 Li-ion

Like other technologies, the life of lithium-ion batteries is shortened at high temperatures. At low

temperatures, charging Li-ion batteries at rates in excess of those recommended by the manufacturer

can also cause accelerated aging. Most Li-ion batteries are designed to be maintained at 20 °C to 25

°C. Except for cells with lithium titanate oxide (LTO) negatives, most Li-ion chemistries have a

relatively narrow temperature range at which the full charge current can be accepted, generally

between about 18 °C and 41 °C [65 °F to 105 °F]. The battery management system (BMS) will allow

limited, controlled charging outside of this window up to a maximum and down to a minimum

temperature. In addition to charging, the discharge capacity of most Li-ion batteries tapers off at low

temperatures. Li-ion batteries lose significant life if operated at high temperatures for prolonged

periods (a half-life for every 10 °C above 30 °C is a common rule of thumb for most Li-ion

chemistries).

Temperature compensation of the charging voltage is not needed, and this feature should be

disabled because it may reduce capacity, shorten the battery life, or cause the BMS to disconnect the

battery.
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4.4.2 Service life Erequeney and depth of discharge

4.4.2.1 General

The life of a battery is related to the number frequeney and depth of discharges, time spent on float

charge, ripple on the dc bus, and temperature. A battery can provide more short-duration, shallow

cycles than long-duration, deep discharge cycles, and thus cycle counters are only useful if they

count coulombs. Even- Momentary fluctuations in the ac power to the UPS may result in battery

discharges of several seconds or more. However, Erequent-eyeling-of-the-UPS batteries in locations

with relatively high grid reliability should not cycle enough to significantly harm a battery. In places

with lower grid reliability, or where UPS are used to interact with the grid as an energy storage

system, life will be determined by depth and quantity of discharges, along with time spent on float

(and the float voltage). batteryevenforshert-durations;shertens-battery life:

The relationship between depth-of-discharge (DOD) and number of cycles is exponential rather than

linear (e.g., a given battery type may provide three to four times the number of cycles at 40% DOD

than it would provide at 80% DOD).

The battery with the longest life may not necessarily be the best battery for the application, as other

factors, such as cost, space, weight, safety, environment, regulatory requirements, and expected life

of the application come into play as well.

4.4.22 VLA

The cycle life of VLA batteries depends on the design and chemistry. For example, designs with

tubular grids, and/or antimony grid alloys may provide better cycling performance. Wrapped

positive plates will also provide better cycling capability but limit the rate at which power can be

drawn from the battery (see C.5).

VLA batteries in UPS applications often have accelerated aging factors (shorter lifetimes). These

factors can include:

— Use of thinner plates for short discharge times
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— Inverter feedback ripple (see Annex I)

— More frequent shallow cycling (see 4.4.2.1)

As a result, VLA cells designed for high-rate applications typically last 10 to 15 vyears in a UPS

environment.

4.4.2.3 VRLA

VRLA batteries may be Many AGM or gel. AGM designs_utilize separators that serve as retention
mats, which inherently improves cycling ability. eanprovide-superioreyeleserviceto-vented-—eells

aretainer—Manufacturers-of-Gel designs may incorporate additives into the electrolyte that provide

extended cycle service.

Under typical operating conditions, VRLA batteries tend to have shorter lifetimes in UPS

applications for the same reasons given in 4.4.2.2. Individual 2 V VRLA cells typically have a useful

life of about eight to 12 years in a UPS application but may exhibit a considerable shortening of run

time over this period when sized for less than 15 min of discharge (Nispel [B36]) at UPS rated load

unless proper aging factors are applied (see 6.4, as well as the discussion of 80% end-of-life

conditions in 5.2.3). Smaller VRLA multi-cell units (typically 12 V, but 6 V and 16 V blocs are

sometimes used in UPS applications) have typical UPS lifetimes ranging from two to eight years

depending on the manufacturer, model, and design.
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4.4.2.4 Ni-Cd

Ni-Cd cells can provide long-term cycle service for deep discharge applications. The cycle life varies

by plate type (see D.2) and active material additives. To enhance cycle life and-te reduce the adverse

effect of high temperatures, various amounts of lithium hydroxide may be added to the potassium

hydroxide electrolyte. The manufacturers specify the exact amount added during manufacturing.

The typical life of Ni-Cd batteries in UPS applications is 20 to 25 years.

4.4.2.5 Ni-Zn (nickel-zinc)

Nickel-zinc can provide long-term cycle service for deep discharge applications. As with other

chemistries, the number of cycles achieved is directly related to the rate and depth of discharge and

the operating temperature. The majority of nickel-zinc batteries are designed for high-rate, short-

duration discharges, but may be used in some general-purpose applications with good cycle ability.

At high discharge rates, several hundred full discharges are possible. With shallower and/or shorter

duration discharges, several thousand discharges are available. In discharge of less than 10% of the

available capacity, over 20 000 discharges have been documented from nickel-zinc batteries.

While Ni-Zn has only recently been placed in UPS applications, testing has shown that the expected

life is 10 to 15 years.

4.4.2.6 Li-ion

There is a wide variation in cycling ability among Li-ion chemistries and designs. For the commonly

used chemistries for Li-ion in UPS applications, there are 1000 to 20 000 80% DOD cycles.

Expected Li-ion life in a UPS application ranges from 10 to 15 vears, depending on chemistry,

environment, etc.
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4.4.3 Calendar life versus capacity

4.4.3.1 VLA

VLA batteries for the UPS application typically ship from the manufacturer at 100% capacity. This

should be verified prior to purchase. As the cells age, capacity drops off in a steadily increasing

exponential curve, but there is a significant “knee-of-the-curve” around 80% capacity. After that

point in time, capacity tends to fall relatively rapidly. For this reason, 80% capacity is typically

considered to be the end of life (EOL) for lead- acid batteries, and they are often oversized

considering this fact (an aging factor of 1.25—see 6.4).

4.4.3.2 VRLA

VRLA batteries typically ship from the manufacturer at 100% capacity. VRLA batteries are

considered at end of life at approximately 80% capacity due to the knee-of-the-curve phenomenon.

VRLA batteries should be sized with an aging factor of 1.25.

4.4.3.3 Ni-Cd

The active material of Ni-Cd ages gradually (approximately 1% per year) and there is no

degradation of the plate structure, so there is no sudden fall-off in cell capacity. Ni-Cd batteries

simply produce shorter backup time as they age and can sometimes be left in service until their

remaining capacity declines to as low as 50% rating. The end-user can decide whether to use a larger

aging factor during battery sizing to accommodate the lower capacity or to accept the shorter

backup times.
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