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Abstract: A stationary battery can be operated in two basic modes: 1) standby (or float) and 2) cycling. 
Many standards developed for standby stationary applications do not apply to cycling stationary 
applications, and vice versa. The purpose of this guide is to differentiate between these two 
applications and increase awareness of why and how their different operation and maintenance 
practices should be managed. The guide is primarily informational and is not intended to provide 
specific recommendations for battery management in cycling applications. 
Keywords: battery cycling, battery maintenance, battery operation, standby battery, stationary 
battery  
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Introduction 

This introduction is not part of IEEE Std 1660-2008, IEEE Guide for Application and Management of Stationary 
Batteries Used in Cycling Service. 

The term “stationary battery” tends to conjure up many interpretations among power engineers, depending 
on one’s perspectives on battery energy storage. A stationary battery can be operated in two basic modes: 
1) standby (or float) and 2) cycling applications including primary-power batteries, i.e., off-grid hybrid 
power sources, or distributed energy resources applications. Many standards developed for standby 
applications do not apply to cycling applications, and vice versa, but many users are unaware of the 
differences between standby and cycling battery operation and maintenance requirements. The purpose of 
this guide is to differentiate between these two applications and increase awareness of why and how to 
manage them differently. The guide is primarily informational and is not intended to provide specific 
recommendations for battery management in cycling applications. The targeted users are the owners, 
maintainers, and designers of battery systems used in stationary applications. 

Some cycling applications, particularly those in grid-connected systems, are still emerging, and detailed 
operational and maintenance procedures are still being developed. The information on photovoltaic 
applications in this guide can be used as an example of a cycling application where this material has been 
formalized.  

Notice to users 

Laws and regulations 

Users of these documents should consult all applicable laws and regulations. Compliance with the 
provisions of this standard does not imply 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.  

Copyrights 

This document is copyrighted by the IEEE. It is 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 engineering practices and methods. By making this 
document available for use and adoption by public authorities and private users, the IEEE does not waive 
any rights in copyright to this document. 

Updating of IEEE documents 

Users of IEEE standards 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. 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 the IEEE Standards Association web site at http://ieeexplore.ieee.org/xpl/standards.jsp, or 
contact the IEEE at the address listed previously. 

For more information about the IEEE Standards Association or the IEEE standards development process, 
visit the IEEE-SA web site at http://standards.ieee.org. 
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Errata 

Errata, if any, for this and all other standards can be accessed at the following URL: http://standards.ieee.org/ 
reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for errata periodically. 

Interpretations 

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

Patents 

Attention is called to the possibility that implementation of this guide may require use of subject matter 
covered by patent rights. By publication of this guide, no position is taken with respect to the existence or 
validity of any patent rights in connection therewith. 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 reasonable or non-
discriminatory. Users of this guide 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. 
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IEEE Guide for Application and 
Management of Stationary  
Batteries Used in Cycling Service 

IMPORTANT NOTICE: This standard is not intended to assure safety, security, health, or environmental 
protection in all circumstances. Implementers of the standard are responsible for determining appropriate 
safety, security, environmental, and health practices or regulatory requirements. 

This IEEE 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 Notice” or “Important Notices and Disclaimers Concerning IEEE Documents.” They 
can also be obtained on request from IEEE or viewed at http://standards.ieee.org/IPR/disclaimers.html. 

1. Overview 

1.1 Scope 

This guide provides information on the differences between stationary standby and stationary cycling 
applications and appropriate battery management strategies in cycling operations. While the primary 
emphasis is on lead-acid batteries, information is also provided on alternative and emerging storage 
technologies. The management of battery systems in stationary standby service is covered in other IEEE 
documents and is beyond the scope of this guide. 

1.2 Purpose 

This guide is meant to provide assistance to users of stationary battery systems in determining appropriate 
battery management strategies that may be applied by addressing the primary similarities and differences in 
battery design and operation for standby versus cycling applications. 

2. Normative references 

The following referenced documents are indispensable for the application of this document (i.e., they must 
be understood and used, so each referenced document is cited in text and its relationship to this document is 
explained). For dated references, only the edition cited applies. For undated references, the latest edition of 
the referenced document (including any amendments or corrigenda) applies. 
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IEEE Std 450™, IEEE Recommended Practice for Maintenance, Testing, and Replacement of Vented 
Lead-Acid Batteries for Stationary Applications.1, 2 

IEEE Std 485™, IEEE Recommended Practice for Sizing Lead-Acid Batteries for Stationary Applications. 

IEEE Std 937™, IEEE Recommended Practice for Installation and Maintenance of Lead-Acid Batteries for 
Photovoltaic (PV) Systems. 

IEEE Std 1013™, IEEE Recommended Practice for Sizing Lead-Acid Batteries for Stand-Alone 
Photovoltaic (PV) Systems. 

IEEE Std 1106™, IEEE Recommended Practice for Installation, Maintenance, Testing, and Replacement of 
Vented Nickel-Cadmium Batteries for Stationary Applications. 

IEEE Std 1188™, IEEE Recommended Practice for Maintenance, Testing, and Replacement of Valve-
Regulated Lead-Acid (VRLA) Batteries for Stationary Applications. 

IEEE Std 1361™, IEEE Guide for Selection, Charging, Test, and Evaluation of Lead-Acid Batteries Used 
in Stand-Alone Photovoltaic (PV) Systems. 

3. Definitions 

For the purposes of this guide, the following terms and definitions apply. The Authoritative Dictionary of 
IEEE Standards Terms [B2] should be referenced for terms not defined in this clause.3 

3.1 Definitions 

3.1.1 cycling: The repeated charge/discharge of a storage battery. Some batteries are rated by their ability 
to withstand repeated, deep discharge cycles. 

3.1.2 standby power system (emergency and standby power): An independent reserve source of electric 
energy that, upon failure or outage of the normal source, provides electric power of acceptable quality so 
that the user’s facility may continue in satisfactory operation. 

3.1.3 stationary battery: A storage battery designed for service in a permanent location. 

3.2 Acronyms and abbreviations 

AGM absorbed glass mat 
CHP combined heat and power 
DER distributed energy resources 
DOD depth of discharge 
EDLC electric double-layer capacitor 
HEV hybrid electric vehicle 
MPPT maximum power point tracking 
PSOC partial state of charge 
                                                 
1 IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, 
USA (http://standards.ieee.org/). 
2 The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc. 
3 The numbers in brackets correspond to those of the bibliography in Annex A. 
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PTC PV USA test conditions 
PV photovoltaic 
PWM pulse-width modulation 
SMES superconducting magnetic energy storage 
SOC state of charge 
SOH state of health 
STC standard test conditions 
T&D transmission and distribution 
UPS uninterruptible power supply 
VRLA valve-regulated lead-acid 

4. Basic application concepts 

4.1 Standby versus cycling batteries 

The term “stationary battery” is not synonymous with “standby battery application.” There are two primary 
applications for stationary batteries: 

a) Standby [e.g., uninterruptible power supply (UPS)], also known as backup or float applications 

b) Cycling (primary-power source batteries, e.g., off-grid hybrid power sources and distributed energy 
resources (DER) applications) 

Cycling service is divided between “shallow cycling” [typically 10% to 20% depth of discharge (DOD)] 
and “deep cycling” (typically 50% to 80% DOD). 

Battery construction, operation, and maintenance are very different for each of these two applications. 
While some batteries are capable of both standby and cycling service, using a battery specifically designed 
for standby service in a cycling application may result in short life and poor performance, and vice versa. 
Therefore, the correct battery must be selected for each application and the correct maintenance standard(s) 
and recommendations followed for the application. 

Typical applications in the standby category include telecommunications backup, emergency lighting, and 
UPS. Typical stationary cycling applications include off-grid renewable-energy applications, such as PV, 
and grid-connected applications, such as DER. See Table 1. 

Table 1 —Typical battery requirements by application 

Typical characteristic Standby Cycling  
(off-grid) 

Cycling  
(grid-connected) 

Discharge ratea C/10 to 10C C/200 to C/5 C/10 to 10C 
Discharge frequency <Once per month Once per day ≥Once per day 
Cycle depth <10% 10% to 80% 20% to 80% 
Recharge Immediately Daily or less frequently Immediately 
Recharge period 0.1 h to 24 h 1 day to 30 days 0.1 h to 20 h 
Recharge source Grid; constant Renewable; variable Grid; constant 
Equalization required Infrequent Yes Yes 
Operating temperature 5 °C to +50 °C −20 °C to +50 °C 5 °C to +50 °C 

a By convention in the battery industry, the C rate used in this table is a current in amperes that is numerically 
equal to the rated ampere-hour (Ah) capacity. 
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