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Abstract: This guide is applicable to all stand-alone photovoltaic (PV) systems where PV is the only
charging source. Stand-alone photovoltaic (PV) system parameters and operating conditions are
discussed in relation to battery characteristics and expected system performance. Charging
parameters for PV systems are suggested to help in the selection of a battery for a specific
application. Finally, a performance test to verify the battery selection and system parameters is
provided, including discussions on how to interpret test results. Test results only provide information
on initial battery performance. No cycle-life predictions are made.
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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 specific purpose, or that
the use of the material contained herein is free from patent infringement. IEEE Standards documents arefssipplfed “

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 ade caution

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 acticaréo prep
appropriate responses. Since |IEEE Standards represent a consensus of concerned interests, it is important to ensure that any
interpretation has also received the concurrence of a balance of interests. For this reason, IEEE and the members of its
societies and Standards Coordinating Committees are not able to provide an instant response to interpretation requests
except in those cases where the matter has previously received formal consideration.

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

Secretary, IEEE-SA Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

Note: 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 with respect to the
existence or validity of any patent rights in connection therewith. The IEEE shall not be responsjble for
identifying patents for which a license may be required by an IEEE standard or for conducting inquiries|into the
legal validity or scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Institute of
Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To
arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood Drive,
Danvers, MA 01923 USA; +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 1361-2003, IEEE Guide for Selection, Chaligiay,and Evaluation of
Lead-Acid Batteries Used in Stand-Alone Photovoltaic (PV) Systems.)

The PV system designer depends on the capacity of a storage battery for retexdedwperation of the
system load during hours of darkness and below-average solar resource. Photovodais sga subject
batteries to harsh operational environments with minimal control of recharge profiles. The iesoobm
photovoltaic modules limit the ability to charge the battery at more traditionalenptiwer deep-cycle
charge rates and times. Typical charge rates for small stand-alone P¥ssgsteless than 6.5 amperes and
may be less than 2.0 amperes per 100 amphere-hours of battery capacity. Relativeigdpgoupled with
the unpredictability of the solar resource, results in limited recharge capabilities

Stand-alone PV systems are typically used in remote locations with rhjpawar resources, which limits
the amount of initial battery boost charging possible. In daily operation, the lianiteldble PV charging
source combined with relatively low-charge regulation voltages may be insufficient to provideteafgk
to the battery. In an effort to identify appropriate stand-alone PV system paramegether with
appropriate battery technology, a repeatable test procedure is provided to verifyd?V ggsameters based
on laboratory battery performance testing. This test procedure is designed to be charautehistiow-
charge/discharge rates, shallow cycle operation, and various chargihgds used in PV systems.

This guide contains relevant information on PV system design considerations as related todlead-aci
batteries and a recommended test plan for evaluating battery performance in a pastgtela design.
Specific lead-acid battery topics include the following:

— PV battery selection
— PV battery characteristics

— PV battery testing and evaluation

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

— Limitations and expectations

— System parameter selection

— PV battery cycle test

— Interpretation of test results
This guide may be used separately, or in combination with IEEE S{#- 2800, IEEE Recommended
Practice for the Installation and Maintenance of Lead-acid Batteries for Photovoltaic ¥&nS, and
IEEE Std 1013"-2000, IEEE Recommended Practice for Sizing Lead-acid Batteries for Photovoltaic (PV)

Systems. Together, these documents will provide the user with a generatogsiiag, designing, placing
in service, maintaining, and testing lead-acid storageties for PV systems.

Interpretations and errata
Interpretations and errata associated with this amendment may be found at one of the following Interne
locations:

— http://standards.ieee.org/reading/ieee/interp/

— http://standards.ieee.org/reading/ieee/updates/errata/
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IEEE Guide for Selection, Charging,
Test, and Evaluation of Lead-Acid
Batteries Used in Stand-Alone
Photovoltaic (PV) Systems

1. Overview

This guide was written to provide a relevant photovoltaic (PV) battery test procedure that can be used to
evaluate battery performance and identify appropriate PV battery charging requirementsf thse
document by funding organizations, battery manufacturers, PV system integratocenantchers should
provide the means for improved battery selection and its subsequent charging sjpesfitiails intended

that this document provide a means to identify more cost-eféeatid reliable PV batteries.

1.1 Scope

This guide contains a tutorial on lead-acid battery technology, battery chargirartehiatics, and a
laboratory test procedure to evaluate charge parameters and battery performance. Thednformead-
acid battery designs and environmental characteristics is provided to help the & dgsigner make
appropriate battery decisions. PV system parameters and operating conditiafiscassed. Charging
parameters related to PV systems are also suggested to help in the seleqtiomomfiate test setpoints.
Finally, a performance test to verify the battery’s operating setpoints and performance isdpineidding
discussions on how to interpret test results.

This guide is applicable to all stand-alone PV systems where PV mntheharging source. This guide
does not include PV hybrid systems.

1.2 Purpose

This document provides guidance in understanding lead-acid battery charging requiremeation to the
operational parameters that affect overall PV system design and battemmaerte. This document will
aid in battery selection, evaluation, and PV system design, and it does providplantést evaluating the
selected battery.
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2. References

This guide shall be used in conjunction with the following publications. When the following spémificat
are superseded by an approved revision, the revision shall apply.

IEEE Std 937-2000, IEEE Recommended Practice for the Installation and Maintenance of Lead-acid
Batteries for Photovoltaic (PV) Systeﬂ1§.

IEEE Std 1013Y-2000, IEEE Recommended Practice for Sizing Lead-acid Batteries for Photovoltaic (PV)
Systems.

3. Definitions

For the purposes of this guide, the following terms and definitions appéy/ Authoritative Dictionary of
IEEE Standards Term$S&eventh Edition [B4] should be referenced for terms not defined in this Slause.

3.1 amphere-hours (Ah) charge efficiencyThis is calculated by dividing the Ah discharged by the
required Ah charged to maintain battery capacity under specific cycle and charging conditions.

3.2 autonomy: The length of time that a photovoltaic (PV) system can provide energy to the load without
energy from the PV array.

3.3 battery conditioning: It charges a battery to its full capacity after performing multipleesydattery
conditioning is designed specifically for obtaining maximum new battery capacity.

3.4 calculated photovoltaic (PV) array amphere-hours (Ah) to load Ah ratio (A:L):The monthly daily
average PV ampere-hours available divided by the monthly daily average loag-drapes. Average daily
PV ampere-hours are calculated by taking the daily average solar resouraehfananth in kWh/mtimes
the PV array current at its maximum power point (Imp) at standard test conditions (ST@)tAlvad
ratios can also be calculated in terms of their respective Watt-hour parameters.

3.5 charge amphere-hours (Ah) to load Ah ratio (C:L):The total available charge ampere-hours (Ah)
divided by the load Ah. Charge Ah are calculated by integrating the set charge oueretite total charge
time. The actual charge Ah is not necessarily the calculated chargecAbde of charge current tapering at
regulation voltage.

3.6 charge controller:An electrical control device that regulates battery charging by voltage control and/or
other means. It may also incorporate one or more of the following functions: discharge termination,
regulation voltage temperature compensation, load control, and status indication.

3.7 c/x charge/discharge rateThe manufacturer’s rated battery capacity in ampere-hours usually at the
20 h rate divided by the discharge time in hours. A 100 Ah battery discharged/charge8%ahtrate would
result in a discharge/charge current of 2.86 amphere (100/35 = 2.86 anphere

3.8 deficit charge:Charging a battery with less amphere-hours (Ah) than is required to return #rg tmatt
its initial state-of-charge. This results in a reduction in the battesrstatharge.

3.9 end-of-discharge voltage (EODV)The battery voltage just prior to load termination. It will be the
minimum voltage for the given discharge cycle.

LIEEE publications are available from the Institute of Electrical and Electrongiséers, 445 Hoes Lane, P.O. Box 1331, Riscay,
NJ 08855-1331, USA (http://standards.ieee.org/).

°The IEEE standards or products referred to in this clause demtaaks of the Institute of Electrical and Electronics Enga)eac.
3The numbers in brackets correspond to those in the bibliography in Annex D.
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3.10 low-voltage disconnect (LVD)The battery voltage at which the load is disconnected to prevent over-
discharge. This is the determining factor for the actual maximum allowable ofegischarge and available
battery capacity in a photovoltaic (PV) system.

3.11 low-voltage reconnect (LVR)The battery voltage at which the load is reconnected after a low-voltage
disconnect.

3.12 opportunity charging: Partial or complete charging of the battery whenever the opportunity arises.

3.13 overchargeThe number of ampere-hours (Ah) charged divided by the number of Ah discharged times
100. Typical overcharge values are between 105% and 130%.

3.14 premature capacity lossSignificant lead-acid battery capacity loss, usually greater than 10%, that
occurs during cycling even though the battery receives adequate charge to recover the dischaityed capac
The decline in capacity occurs early in the projected cycle-life of the battery without any ofittientaa
capacity loss or wearout mechanisms.

3.15 regulation reconnect voltage\{,): The battery voltage at which the charge controller reconnects the
charging source to the battery.

3.16 solar insolation:The total daily solar irradiance in kwWhfmMost data for a geographic location are
reported for each month as the average daily irradiance for a specific array tilt anglel @igpycvalues
are between 2 and 7 kWhim

3.17 standard test conditions (STC)The accepted conditions under which photovoltaic (PV) devices are
commonly rated: 1000 W/rirradiance at a spectral distribution of airmass (AM) 1.5 and a 25 °C PV cell
temperature.

3.18 sulfation, excessive or “hard”:The growth of lead sulfate (PbgOcrystals on the positive and
negative plates of a lead-acid battery after an extended time in a discharged conddiali. can be
identified by an abnormal drop in electrolyte specific gravity after an equalization chratdey & gritty
texture on the plates.

3.19 sustaining charge:The battery will be restored to the same state-of-charge it was prior to the
discharge.

3.20 termination voltage:The battery voltage at which discharge is terminated.

4. Safety

CAUTION

Whenever batteries are used, certain safety concerns need to be edngitgallation of batteries under
test should be in accordance with procedures outlined in IEEE Std 937-fifijles for eye protection,
acid-resistant gloves, eyewash stations (portable or stationary), electeaytalizing solutions, protectiye
clothing, and a class C fire extinguisher should be considered mandatory for personnel safety.

Select a solution (or powder) that will neutralize the 20% to 30% sulfuric-acid solutiordggdan
electrolyte). Sodium bicarbonate (baking soda) works well to neutralize eléetspgills. Neutralizing
electrolyte spills may subject the users to hazardous waste regulations. Contact the local hazatdous
office for guidance.

4For information on references, see Clause 2.
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