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Abstract: This guide is specifically prepared for a PV/engine generator hybrid power system, but
may also be applicable to all hybrid power systems where there is at least one renewable power
source, such as PV, and a dispatchable power source, such as an engine generator. Taper-
charge parameters for PV hybrid systems are suggested to help in preparing the battery for a
capacity test. A test procedure is provided to ensure appropriate data acquisition, battery
characterization, and capacity measurements. Finally, a process to review test results and make
appropriate decisions regarding the battery is provided. No cycle-life predictions are made.

Keywords: battery testing, lead-acid battery charging, lead-acid battery testing, PV hybrid battery
test, PV system testing
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards
through a consensus development process, approved by the American National Standards Institute, which brings
together volunteers representing varied viewpoints and interests to achieve the final product. Volunteers are not
necessarily members of the Institute and serve without compensation. While the IEEE administers the process
and establishes rules to promote fairness in the consensus development process, the IEEE does not independently
evaluate, test, or verify the accuracy of any of the information contained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or
other damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or
indirectly resulting from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly
disclaims any express or implied warranty, including any implied warranty of merchantability or fitness for a spe-
cific purpose, or that the use of the material contained herein is free from patent infringement. IEEE Standards
documents are supplied “AS IS.”

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure,
purchase, market, or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the
viewpoint expressed at the time a standard is approved and issued is subject to change brought about through
developments in the state of the art and comments received from users of the standard. Every IEEE Standard is
subjected to review at least every five years for revision or reaffirmation. When a document is more than five
years old and has not been reaffirmed, it is reasonable to conclude that its contents, although still of some value,
do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have the
latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing this, and any other IEEE Standards document, should rely
upon the advice of a competent professional in determining the exercise of reasonable care in any given
circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to
specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate
action to prepare appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is
important to ensure that any interpretation has also received the concurrence of a balance of interests. For this
reason, IEEE and the members of its societies and Standards Coordinating Committees are not able to provide an
instant response to interpretation requests except in those cases where the matter has previously received formal
consideration. At lectures, symposia, seminars, or educational courses, an individual presenting information on
IEEE standards shall make it clear that his or her views should be considered the personal views of that individual
rather than the formal position, explanation, or interpretation of the IEEE.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affil-
iation with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text,
together with appropriate supporting comments. Comments on standards and requests for interpretations should
be addressed to:

Secretary, IEEE-SA Standards Board

445 Hoes Lane

Piscataway, NJ 08854

USA

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the
Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright
Clearance Center. To arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer
Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of
any individual standard for educational classroom use can also be obtained through the Copyright Clearance
Center.
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Introduction

This introduction is not part of IEEE Std 1661-2007, IEEE Guide for Test and Evaluation of Lead-Acid Batteries Used
in Photovoltaic (PV) Hybrid Power Systems.

The hybrid power system in this guide refers to a photovoltaic (PV) energy charging source and a
dispatchable charging source, such as an engine generator. The hybrid power system designer depends on
the capacity of storage batteries for reliable extended operation of the system load to more effectively
utilize and store the PV energy and minimize engine generator run-time. PV hybrid systems, which are the
most common hybrid systems, can subject batteries to harsh operational environments as a result of
insufficient charging, continuous cycling, and temperature extremes. Typical charge rates for PV hybrid
systems can range from very low rates near the 100 h rate to high rates near the 6 h rate. The effect on the
battery can be significant with respect to heat generation and charge control parameters.

In daily operation, the limited available PV and engine generator charging sources combined with relatively
low charge regulation voltages may be insufficient to provide a full charge to the battery. In an effort to
identify appropriate PV hybrid system parameters together with appropriate battery technology, a
repeatable test procedure is provided to verify PV hybrid system battery performance based on a field test.

The recommended test plan for evaluating PV batteries includes the following:

— Limitations and expectations
— System parameter selection
— PV hybrid battery capacity test

— Interpretation of test results

This guide may be used separately, or in combination with IEEE Std 937™-2007," IEEE Recommended
Practice for the Installation and Maintenance of Lead-Acid Batteries for Photovoltaic (PV) Systems, IEEE
Std 1013™-2000, IEEE Recommended Practice for Sizing Lead-Acid Batteries for Photovoltaic (PV)
Systems, and IEEE Std 1361™-2003, IEEE Guide for Selection, Charging, Test, and Evaluation of Lead-
Acid Batteries Used in Stand-Alone Photovoltaic (PV) Systems. Together, these documents will provide
the user with a general guide to sizing, designing, placing in service, maintaining, and testing lead-acid
storage batteries for hybrid power systems.

Notice to users

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.

a . .
For information on references, see Clause 2.
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