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Abstract: This guide is applicable to lead-acid batteries that are used as the energy storage
component in remote hybrid power supplies. The remote hybrid application, with its dual generator
option, i.e., both renewable and dispatchable generation, is advantageous in that the battery
can usually be charged at will and under circumstances that may also be advantageous for the
dispatchable generator.

Keywords: charge control, deficit-charge cycling, IEEE 1561™, oxygen recombination cycle,
remote hybrid power systems, valve-regulated lead-acid (LRVA) batteries, vented lead-acid
batteries
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notices
and disclaimers, or a reference to this page, appear in all standards and may be found under the heading
“Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on
request from IEEE or viewed at http://standards.ieee.org/[PR/disclaimers.html.

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

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use,
are developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute) develops its standards through a consensus
development process, approved by the American National Standards Institute (“ANSI”), which brings
together volunteers representing varied viewpoints and interests to achieve the final product. Volunteers
are not necessarily members of the Institute 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 does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other document
relating to the standard, including, but not limited to, the warranties of: merchantability; fitness for a particular
purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of material. In
addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. 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:
PROCUREMENT OF 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.
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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 should be considered the approved
IEEE standard.

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, or 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 his or her
views should be considered the personal views of that individual rather than the formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless
of membership affiliation with IEEE. However, IEEE does not provide 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 revisions to an IEEE standard is welcome
to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

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 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

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.
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Photocopies

Subject to payment of the appropriate fee, 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. 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 the IEEE-SA Website at http://iecexplore.ieee.org/ or
contact IEEE at the address listed previously. For more information about the IEEE-SA or IEEE’s standards
development process, visit the IEEE-SA Website at http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: http://
standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata periodically.

Patents

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 http://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
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.
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Introduction

This introduction is not part of IEEE Std 1561-2019, IEEE Guide for Optimizing the Performance and Life of Lead-
Acid Batteries in Remote Hybrid Power Systems.

This guide is intended to enhance the performance and life of lead-acid batteries used in remote hybrid power
supplies. Electrical power from remote hybrid power systems can dramatically enhance the quality of life for
multitudes in remote areas that lack access to a reliable, well-regulated source of electrical energy, and remote
hybrid systems are increasingly a response to that growing, urgent need. Well-designed hybrid systems, used
within the constraints of their capacities and capabilities, can supply reliable, continuous electrical power to
these remote loads. By definition, a hybrid remote power system includes one or more dispatchable generators,
e.g., an engine-powered generator, and one or more variable generators (which are typically renewable
resources), €.g., a photovoltaic array. It will also include energy storage, necessary electronic controls, power
distribution, and loads. Lead-acid batteries are often selected as the energy storage component for these
applications because of their suitability, low cost, and near-universal availability. These batteries, however,
do not always perform to expectations in these applications. The lead-acid battery is a dependable voltage
source that can deliver its stored energy on demand, provided, however, that it is selected and applied within
the constraints of its capabilities. This guide addresses factors that affect lead-acid batteries (including both
vented and VRLA designs) in these hybrid applications and suggests choices and practices that can enhance
both their performance and life.
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1.1 Scope

This guide provides rationale and guidance for operating lead-acid batteries in remote hybrid power
systems, taking into consideration system loads and the capacities of the system’s renewable-energy
generator(s), dispatchable generator(s), and battery(s). It also provides guidance for selecting an

appropriate lead-acid battery technology for various system operating strategies.

1.2 Purpose

Using the information provided in this guide, the performance and life of the lead-acid battery can
be optimized for the particular operational strategy selected for the remote hybrid power system.
Theinformation provided is intended for use by remote hybrid system designers, system evaluators,

owners, and operators.

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, thelatest edition of the referenced document (including any amendments or corrigenda)

applies.

IEEE Std 937™, IEEE Recommended Practice for Installation and Maintenance of Lead-Acid

Batteries for Photovoltaic (PV) Systerns.l'2

"The IEEE standards or products referred to in Clause 2 are trademarks owned by The Institute of Electrical and Electronics

Engineers, Incorporated.

*2EEE publications are available from The Institute of Electrical and Electronics EngineersIne—445-Hoesane, 2-O0-Beox1334;
PiseatawayN-088551331-USA(http://standards.ieee.org/).
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IEEE Std 1361™, IEEE Guide for Selecting Seleetionr, Charging, Testing Fest, and Evaluating
Evaluation—ef Lead-Acid Batteries Used in Stand-Alone Photovoltaic (PV) Systems.

3. Definitions

For the purposes of this document draftguide, the following terms and definitions apply. The
Authoritative—Dietionaryy—of —IEEE  Standards_ Dictionary Online,—Seﬁﬁ%—Edi%ieﬁ—EBéﬂ—g; should be

consulted refererneed for terms not defined in this clause.i

charge controller: An electrical control device that regulates battery charging by voltage control

4
and/or other means.™

deficit charge: Charging a battery with fewer ampere-hours than are required to return the battery

to its previous state-of-charge.
deficit-charge cycling: Cycling a battery with frequent-repetitive deficit charges.

dispatchable power source: An electrical power generator that is available on demand.

*IEEE Standards Dictionary Online is available at: http://ieeexplore.ieee.org/.

“The charge controller may also incorporate one or more of the following functions: discharge termination, regulation voltage

temperature compensation, load control, and status indication.
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electrolyte stratification: An electrolyte concentration gradient that may exist in a cell following

recharge, water addition, or extended periods of undercharging Fhe-tendeney-of-heavier—higher-

variable power source: An electrical power generator whose output is variable depending on

weather, insolation (sun exposure), climate, or other factors.

4. Technology overview

A remote hybrid power system integrates two or more energy generation sources, a battery for
energy storage, and necessary controls for the purpose of supplying electricity to remote loads. The

generation sources typically include at least one variable power source (typically a renewable

source, such as wind or solar) and at least one eaek dispatchable generator-and-—a—+renewable-
resouree-powered-generator. A typical configuration, for example, might integrate a diesel-powered

generator and a photovoltaic (PV) array with a battery and controls. Energy storage provides for

more efficient operation of the dispatchable generator and supports theload when natural resources
are at reduced levels or are unavailable. Most remote hybrid power systems use lead-acid batteries
for energy storage (see Annex A for a discussion of lead-acid battery technologies). When charged,
the battery can deliver its available stored stere-ef energy on upen demand. When depleted of
charge, it is necessary to restore the battery’s charge before it can again supply energy to a load.
Thus, the battery functions as an electrical energy buffer, i.e., it accepts electrical energy, or charge,
when available and delivers its store of energy to an electrical load on #pesrr demand. Because a
charged battery is a low impedance source, it may also function as a power buffer, i.e., it may supply

energy at a greater rate than its charging source can supply.
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Remote hybrid power systems, possessing both renewable and dispatchable generators, benefit from
the individual strengths of these distinctly different generators. The complementary nature of
renewable- and fuel-dependent generation is evident in Table 1. For example, the hybrid system’s
charging options are relatively unconstrained, and system i#ts reliability, fuel requirements, and loss
of load probability benefit from the dual generation option. Additionally, the hybrid system
moderates the relatively high initial cost-per-watt of a renewable system and the relatively high
operating cost of a dispatchable system. Typically, a hybrid system will require more maintenance

than a renewable system, but will require less generator maintenance; than a nonrenewable system

because its nonrenewable generator usually operates under more optimum conditions and, thus,
should run fewer hours per day. Environmental impacts associated with hybrid systems are also
moderate as compared with high impacts for nonrenewable systems and low impacts for renewable

systems.

Table 1—Complementary nature of renewable-, dispatchable-, and

hybrid-generation
Characteristic Renewable Dispatchable Hybrid
Dependence on Highly dependent Independent Partially independent
natural cycles
Size range Most suitable for low Most suitable for Suitable for variable,
kWh/day loads consistently high nud-range. low and
kK'Wh/day loads high kWh/'day loads
Reliability Compromised by Compromised by Benefits from dual
resource availability complexity and fuel generation resources
requirements
Fuel requirements Only renewable resources | Proportional to load. Benefits from dual
(solar, wind. etc.) requires periodic generation resources
delivery and storage
Maintenance Infrequent Frequent generator Less generator maintenance
maintenance
Chargmg options Constrained by Mot applicable Less constrained
resource availability
Initial cost-per-watt Relatively high Relatively low Moderate to high
Operating cost Relatively low Relatively high Moderate to high
Loss of load probability Moderate. Design- Moderate to high. Low. Benefits from dual
dependent. but typically Dependent on fuel generation resources
lower than dispatchable availability
Environmental impact Low High (fuel concerns) Moderate
New
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N -
\C'harﬂderisﬁc Renewable Dispatchable Hybrid /
DEPEHW natural | Highly dependent Independent Partially indep It
cveles
Size range Most suitable for low Most suitable for SuitableTor variable, mid-

kWh/day loads consistently high kWh/day e. low and high
loads 1 kWh/day loads
Reliability Co mised by resource | Compromised by Benefits from dual
availabily complexity an 1 generation resources
TECuTT
Fuel requirements Only renewable resowges Pr onal to load. Benefits from dual
(solar, wind, etc.) uires periodic delivery generation resources
storage
Maintenance Infrequent F[eq?esggciatot Less generator
maintenan maintenance
Charging options C;r:yhﬁ by resource Constrained bWe Less constrained
ayaability fuel
Initial cost-per-watt _+"Relatively high Relatively low “N\Moderate to high
Operatingcost _~ | Relatively low Relatively high Mbderate to high
Loss of load prelability Moderate. Design- Moderate to high Low
dependent. but typically Dependent on fuel- Benefits fr
lower than “dispatchable” availability generation resourc
vironmental impact Low High (fuel concems) Moderate \

(Peleted}

A conceptual remote hybrid power system is illustrated in Figure 1. Although there are numerous
variations, this basic configuration; consisting of a dispatchable generator, a renewable generator
(either or both could be parallel-redundant), battery, eenerter{charger,} and inverter; is useful for
the purposes of this discussion. The dual generation enhances system reliability and maintainability.
The remote hybrid configuration is suitable for loads ranging from a few kilowatt hours/day
(kWh/d) to several hundreds of kWh/d. At lower and-higher-daily loads, configurations with only
renewable generation er—enly—dispatchable—generation,—respeetivelyz—would likely be more
economical-ekeiees. The dispatchable generator provides for a wide range of charging options and,
thus, reasonable control over battery state-of-charge (SoC) (e.g., battery depth-of-discharge can be
limited without load shedding and charging can be implemented at will). The renewable generator
reduces loss-of-load probability for critical loads, such as vaccine refrigeration, alarms, and
telecommunications. From a battery performance and life perspective, battery charging, discharging,
and state-ef-eharge{SoC) control are of primary importance. The remote hybrid system can function
to limit the battery depth-of-discharge (DoD) (perhaps by shedding load or initiating dispatchable
generator operation) and control the rate of chargeespeeiallyas-the batteryapproachesfull-charge.
In implementing charge control, the system should measure battery temperature and adjust control

set-points for temperature excursions from 25 °C.
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Figure 1—Block diagram of a conceptual remote hybrid power system

A typical village in a remote, tropical region, for example, may have an existing diesel-powered
generator that operates for several hours each evening to supply a modest load. It likely would not
have batteries to buffer the load. The load could include residential, commercial, and institutional

segments with a cumulative peak load of, for example, 30 kW to —50 kW (see Fall, Marchionini, and

Skolnik EaHs—etak [BS]E). But while the generator needs to be sized for this cumulative peak, the

actual running load may be much smaller, leading to increased generator wear and losses. Typical

load components would likely include home lighting, area lighting, radios, TVs, ventilation fans,
refrigeration, water pumping and purification, communication apparatus, health facilities, and
power tools. Converting this system to a remote hybrid power system would provide the village
several advantages. The hybrid system could incorporate the existing diesel, which would operate
fewer hours and under more optimum circumstances. Power availability could be extended to 24 h
khours per day without necessarily increasing diesel run time, additional energy would be available
via the renewable resource, and there would be environmental gains from more efficient diesel

operation. Diesel maintenance requirements would also be reduced because of more efficient

operation_and optimal loading.

’The numbers in brackets correspond to the numbers of the bibliography in Annex B.
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5. Battery safety considerations

This guide does not purport to address all the safety concerns associated with batteries or their use.
It is the responsibility of the user of this guide to establish appropriate safety practices and

determine the applicability of regulatory limitations prior to use. Guidance for battery safety

practices can be found in thefeHewingIEEE Standards—dEEE-Std 937™ and IEEE Std 13612

4Additionallyﬁ5:éd-'rt—ieﬂa-ﬂy, safety practices for vented lead-acid batteries can be found in IEEE Std
484™ [B7], and for valve-regulated lead-acid (VRLA) batteries in IEEE Std 1187™ [B10]. These four
standards standard share many similarities sizailiarities.

6. Battery installation criteria and installation procedures

6.1 Introduction

General installation-design criteria, installation procedures, and record-keeping suitable for vented

lead-acid and VRLA batteries in remote hybrid power systems are included in IEEE Std 937, IEEE
Std 484 [B7], and IEEE Std 1187 [B10]+espeetively.

6.2 Parallel strings

It can be advantageous to configure the remote hybrid system battery with a minimum of two

parallel strings.

Lmitedto-themaximumrecommended-by-themanufaeturer—The use of parallel strings provides the

following benefits:

a) Battery reliability is increased via redundancy. If a fault opens a string fuse or circuit
breaker or otherwise makes the string unavailable, the remaining string(s) will

continue to support the load.

b) Individual strings can be disconnected for testing, routine maintenance, cell

maintenance, exreplacement, or for diagnostic purposes while other string(s) support

the load.

64 . . .
2 Information on normative references can be found in Clause 2.
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C) Battery cell or module capacities are less constrained by load requirements. For
example, smaller cells or modules can be selected to accommodate space, handling, or
transportation limitations; and multiple, parallel strings can be used to meet load

ampere-hour (Ah) requirements.

If parallel strings are used, each string should contain a dc-rated fuse or circuit breaker that is sized

to carry the masdmum-dc current expected to pass through that string (either on charge or discharge)

in the case of one of the parallel strings being offline, and to interrupt fault currents. These

overcurrent protectors fases-er—eirenitbreakers may also function as a dc disconnect device, thus,

i

they should be located outside the battery enclosure or, alternatively, be “*arc-~proof” if located
inside the battery enclosure. If located outside the battery enclosure, the disconnect device should
have lock-out/tag-out capability. Paralleled strings should not have cross-tied cell or module

connections.

When a string is disconnected from the common battery bus, the time spent disconnected €iseenneet

period should be as short as is practical so that the SoC of the disconnected string does not vary
significantly from the SoC of the string(s) under load. In general, the SoC of the disconnected string
should be within 10% or less of the SoC of the string(s) under load when it is reconnected.

Otherwise, the string’s overcurrent protective device string'sfase may open when it is reconnected.

If the string is disconnected for a period that would cause a greater than 10% difference in SoC, it
should only be reconnected after string voltages are caused to match via recharging or discharging
either the disconnected string or the other string(s), as appropriate. The purpose of this practice is to

keep currents between strings to a minimum when they are reconnected.
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