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Abstract: Applications of electric energy storage equipment and systems (ESS) for electric power
systems (EPSs) are covered. Testing items and procedures, including type test, production test,
installation evaluation, commissioning test at site, and periodic test, are provided in order to verify
whether ESS applied in EPSs meet the safety and reliability requirements of the EPS. Grid opera-
tors, ESS manufactures, and ESS operators are for whom this standard is established.

Keywords: commissioning test, electric energy storage equipment, electric energy storage
systems, electric power systems, IEEE 2030.3™, installation evaluation, periodic test, production
test, test procedure, type test

The Institute of Electrical and Electronics Engineers, Inc.
3 Park Avenue, New York, NY 10016-5997, USA

Copyright © 2016 by The Institute of Electrical and Electronics Engineers, Inc.
All rights reserved. Published 30 September 2016. Printed in the United States of America.

IEEE is a registered trademark in the U.S. Patent & Trademark Office, owned by The Institute of Electrical and Electronics Engineers,

Incorporated.
PDF:  ISBN 978-1-5044-2114-0 STD20986
Print:  ISBN 978-1-5044-2115-7 STDPD20986

IEEE prohibits discrimination, harassment, and bullying.
For more information, visit http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 04:01:50 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 2030.3-2016


http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
http://www.avadocuments.com/doc/ieee-2030-3-2016
http://www.avadocuments.com/doc/ieee-2030-3-2016

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 “Im-
portant Notice” or “Important Notices and Disclaimers Concerning IEEE Standards Documents.”

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 Asso-
ciation (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a consensus de-
velopment 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 neces-
sarily 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 inde-
pendently 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 appropri-
ate, 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: PROCURE-
MENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CON-
TRACT, 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 should be considered 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, 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 pertain-
ing 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 concur-
rence of a balance of interests. For this reason, IEEE and the members of its societies and Standards Coordi-
nating 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 require-
ments. 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 pro-
motion 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.

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 Ser-
vice, 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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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, corri-
genda, 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://www.ieee.org/publica-
tions_standards/index.html 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 discrim-
ination 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 re-
sponsible 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 valid-
ity 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 2030.3-2016, IEEE Standard Test Procedures for Electric Energy Storage
Equipment and Systems for Electric Power Systems Applications.

Energy storage equipment and systems (ESS) that connect to an electric power system (EPS) shall meet the
requirements specified in related IEEE standards. Standardized test procedures are necessary to establish and
verify compliance with those requirements. These test procedures need to provide both repeatable results,
at independent test locations, and have flexibility to accommodate the variety of storage technologies and
applications.

This guide is comprised of 10 clauses and two annexes. The main content includes type tests, production tests,
installation evaluations, commissioning tests at site, and periodic tests.

Despite the fact that ESS applied in an EPS are at discharging state (acting as power sources) or at charging
state (acting as load), ESS shall comply with the planning and operation requirements of the grid. This stan-
dard aims to provide the test items and procedures for the ESS applied in EPSs to verify whether the relevant
characteristic parameters of the integrated ESS are in accordance with the technical requirements of the EPSs.
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IEEE Standard Test Procedures

for Electric Energy Storage
Equipment and Systems for Electric
Power Systems Applications

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, security, health, or
environmental protection, or ensure against interference with or from other devices or networks. Imple-
menters 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.

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

The test items and procedures of electric energy storage equipment and systems (ESS) for electric power sys-
tem (EPS) applications, including type test, production test, installation evaluation, commissioning test at site,
and periodic tests are as follows:

— Type tests covering all necessary test items of ESS applied in EPSs.
— Production tests, including quality inspection and test of ESS before shipment.
— Installation evaluation shall be carried out after field installation of ESS.

— Commissioning tests shall be carried out on site when the field installation of ESS are complete and
before they are officially put into operation.

— Periodic tests shall be periodically carried out after ESS are officially applied in the EPS.

ESS can either be a single piece of equipment with all functions or an integrated set of equipment with specific
functions. A single piece of equipment shall go through type tests, production tests, installation evaluation, and
commissioning tests as a whole. Each piece of an integrated set of equipment shall go through type tests and
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production tests based on its specific function, and then the whole set of equipment shall go through the instal-
lation evaluation and commissioning tests after field assembly and integration of the equipment.

1.2 Purpose

Despite of the fact that ESS applied in EPS are at the discharging state (acting as power sources) or at charging
state (acting as load), they shall comply with the planning and operation requirements of the grid. This stan-
dard aims to provide the test items and test procedures for ESS applied in EPSs to verify whether the relevant
characteristic parameters of the integrated ESS are in accordance with the technical requirements of the EPS,
as follows:

— The type test is the first step for the integration test of ESS, generally used to verify the design principle
and the design rating of the product, and reflect the operation condition of the product.

— Production tests include the quality inspection and test of the ESS before shipment, which is used to
verify whether the manufacturing quality and deviation meet the specific requirements.

— Installation evaluation is the inspection and evaluation of the outer connection of ESS, grounding,
isolation, electrical connection correctness, etc. This shall be carried out after ficld installation of ESS.

— Commissioning tests shall be carried out on site when field installations of ESS are complete and be-
fore they are officially put into operation. These tests aim to verify whether the technical indexes of
ESS are in accordance with the operation requirements after delivery and installation.

— Periodic tests aim to inspect operation safety and reliability of ESS, which shall be periodically carried
out after ESS have been officially applied in EPSs.

The measured and analyzed results of each test obtained by applying the standard shall be repeatable, trace-
able, and independent from the test environment and location. The test results can provide meaningful refer-
ences for manufacturers, users, ESS operators, and grid operators in order to evaluate the performance and
quality of ESS applied in EPSs.

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.

IEC 61000-4-2, Electromagnetic compatibility (EMC)—Part 4-2: Testing and measurement techniques—
Electrostatic discharge immunity test.'

IEC 61000-4-3, Electromagnetic compatibility (EMC)—Part 4-3: Testing and measurement techniques—Ra-
diated, radio-frequency, electromagnetic field immunity test.

IEC 61000-4-4, Electromagnetic compatibility (EMC)—Part 4-4: Testing and measurement techniques—
Electrical fast transient/burst immunity test.

IEC 61000-4-5, Electromagnetic compatibility (EMC)—Part 4-5: Testing and measurement techniques—
Surge immunity test.

'TEC publications are available from the Sales Department of the International Electrotechnical Commission (http://www.iec.ch/). IEC
publications are also available in the United States from the Sales Department of the American National Standards Institute (http://www.
ansi.org).
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IEC 61000-4-6, Electromagnetic compatibility (EMC)—Part 4-6: Testing and measurement techniques—Im-
munity to conducted disturbances, induced by radio-frequency fields.

IEEE Std 1547™, 1EEE Standard for Interconnecting Distributed Resources with Electric Power Systems.>*

IEEE Std 1547.1™, IEEE Standard Conformance Test Procedures for Equipment Interconnecting Distributed
Resources with Electric Power Systems.

IEEE Std C37.09™, IEEE Standard Test Procedure for AC High-Voltage Circuit Breakers Rated on a Sym-
metrical Current Basis.

IEEE C37.06, American National Standard for AC High-Voltage Circuit Breakers Rated on a Symmetrical
Current Basis—Preferred Ratings and Related Required Capabilities.

3. Definitions, acronyms, and abbreviations

For the purposes of this document, the following terms and definitions apply. The IEEE Standards Dictionary
Online could be consulted for any undefined terms of this document.

3.1 Definitions

energy storage equipment and systems (ESS): The energy storage systems in this standard include energy
storage equipment and any units connected with the energy storage equipment,for instance,the power conver-
sion units, the energy management units, and related monitoring and control systems.

simulated electric power system (EPS): An emulator imitates the expected electrical powers from a utility
power source. Where appropriate, an actual EPS can replace the simulated EPS.

3.2 Acronyms and abbreviations

BMS battery management system

EPS electric power system

ESS energy storage equipment and systems

EUT equipment under test

LVRT low-voltage ride through

PCC point of common coupling

PCS power conversion system

SOC state of charge

SOC,,.. maximum working load state specified by manufacturer
SOC,,, minimum working load state specified by manufacturer
TRD total rated-current distortion

Vi maximum dc working voltage specified by manufacturer

[EEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854 USA
(http://standards.ieee.org/).

3The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.
“IEEE Standards Dictionary Online is available at: http://ieecexplore.ieee.org/xpls/dictionary.jsp.
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Vinin minimum dc working voltage specified by manufacturer

Viom for ac, means nominal working voltage appointed by manufacturer; for dc, means average of
Vi and Vo

4. General

4.1 Testing items

Test methods of ESS working in conjunction with EPSs shall include type tests, production tests, installation
evaluations, commissioning tests, and periodic tests. Test items are shown in Table 1. ESS can either be a sin-
gle piece of equipment with all functions or a set of equipment units with each individual unit having a specific
function. In the latter case, each piece of equipment shall go through corresponding tests individually accord-
ing to its specific function. The test overview is shown in Figure 1.

Table 1—ESS test items

No. Test items Type tests Prot(llsltcstion Coml?::::oning P?;is(;(siic
1 Temperature stability Y
2 | State of charge (SOC) x/ \
3 | Conversion efficiency y
4 | Response time Y \
5 | Ramp-rate \ \
6 | Synchronization \ \ \
7 | Reconnection after abnormal condition \ \
8 | Harmonics \ \
9 | Flicker v

10 | Voltage unbalance \

11 | Open phase \

12 | Overcurrent \ \/

13 | DC injection \

14 | Response to abnormal voltage condition \ \ \
15 | Response to abnormal frequency condition \/ v \
16 | Unintentional islanding \ \/ \

17 | Low-voltage ride through (LVRT) \ \

18 | Interconnection integrity \/

19 | Continuous operation \/ \

20 | Stop charging/discharging \/ \

4.2 Application

For power-grid operation, test results based on this standard could be used to evaluate whether the relevant
characteristic parameters of ESS are in accordance with the planning and operation requirements of the EPS.
If the ESS are at discharging state, energy delivers from the ESS to the EPS. Hence, grid operators shall focus
on the supporting capability of ESS, such as synchronization, active power ramping, response to abnormal
condition, etc. When ESS are at charging state, grid operators shall pay more attention to the influences that
could be caused by an ESS and may affect the grid, such as power quality, response to abnormal condition of
the grid, etc.

13
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ESS under test

Production test
Installation evaluation
Commissioning test

Periodic test

1
Type test of each equipment
'
Production test of each equipment

_ System Integration
|

Figure 1—Test overview

For the interests of ESS manufacturers, this standard provides test items and test procedures to evaluate the
performance and quality of ESS, such as temperature stability tests, reliability tests of the equipment, state
of charge (SOC) tests, conversion efficiency tests, and active power ramping capability tests, etc. These test
results can provide reference and basis for ESS manufacturers in order to improve the performance and quality

of products.

For ESS operators, this standard provides the procedures to verify the specific performance indices [e.g., unin-
tentional islanding protection and low-voltage ride through (LVRT)] and grid-connected operation character-
istics (e.g., power quantity, energy conversion efficiency, ramping rate) under charging and discharging states.
These test results could be used as references for the ESS operator to improve their operation.

Table 2 shows the relevant test items for different related parties, including the grid operator, ESS manufactur-
ers, and ESS operators.

Table 2—Test items for relevant shareholders

Full document details: IEEE 2030.3-2016

No. Test items Grid operators | ESS manufacturers | ESS operators

1 Temperature stability v \

2 |soc V v v

3 Conversion efficiency v v

4 Response time \

5 Ramp-rate \

6 Synchronization \

7 Reconnection after abnormal condition \

8 Harmonics \ \

9 Flicker \ \

10 Voltage unbalance \ ‘/

Table continues
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Table 2—Test items for relevant shareholders (continued)

No. Test items Grid operators | ESS manufacturers | ESS operators
11 Open phase \ v
12 Overcurrent \ V \/
13 DC injection \ \
14 Response to abnormal voltage condition \/

15 Response to abnormal frequency condition \
16 | Unintentional islanding \/ y \
17 | LVRT V V v
18 Interconnection integrity \ \
19 Continuous operation test \ y
20 Stop charging/discharging \/

5. General technical requirements
5.1 Accuracy of the test result

The test results according upon this standard shall be effective to verify the performance of the tested ESS as
requested by the manufacturers and within the manufacturer’s specified accuracy.

5.2 Test environment

The test environment shall be maintained within an acceptable range of environmental conditions specified by
the manufacturer. If the environment conditions are out of the specified range, the test shall be terminated and
restart after the adjustment of the test environment.

5.3 Accuracy and calibration of the instruments for test

The instruments used for testing ESS shall be calibrated periodically and these calibrations shall be traceable.
The acccuracy of instruments used in the test shall be capable and appropriate for performing the tests.

5.4 Equipment information

ESS manufacturers shall provide technical documents for every relevant device and equipment and connec-
tion requirements necessary to conduct the tests. Special requirements shall be stated, such as the concerns of
shielded cables or special cables, maximum cable length, the use of filters, and the correct bonding to function-
al earth (grounding). Manufacturers shall provide additional devices or equipment necessary for conducting
the tests.

If ESS consist of several equipment units, each unit shall have relevant technical documents, for instance,
qualification, safety certificates, type test reports, and production tests reports.

The tested ESS shall have product codes and nameplates.

5.5 Test report

The test results shall be documented in a test report. The report shall specifically and unambiguously present
all relevant information from the tests (e.g., load conditions, conductor type, routing, functional description,
and acceptance criteria).
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In the test report, the performed test procedures shall be described in detail and any modifications or exemp-
tions shall be justified. The test report shall include all critical information for rerunning the test, and repro-
duce the same results, when the test follows the indications of this standard.

5.6 Technical requirement of the test system
5.6.1 Technical conditions of a simulated EPS

When using the simulated EPS, the following requirements shall be satisfied:

a)  The simulated EPS source shall be capable of confirming the manufacturer’s stated performance.

b)  The total harmonic distortion (THD) of the simulated EPS shall be less than 50% of that required by
the quality standard of local power systems.

¢) During the tests, the steady-state voltage of the simulated EPS source shall not exceed +1% of the
normal voltage.

d) Voltage deviation shall be less than £3% of the nominal voltage.
e) Frequency deviation value shall be less than =0.01Hz.

f)  For multiphase simulated area EPSs that provide a neutral connection, the phase-to-neutral voltages
shall be balanced within £3% of the nominal value and the phase displacement shall be within £3°.

g) For multiphase simulated area EPSs without a neutral connection, the phase-to-phase voltage balance
shall be 3% of the amplitude of the nominal value.

h)  The simulated EPS shall be capable of adjusting +3% of nominal voltage within one cycle.

i) The simulated EPS shall be capable of adjusting +0.1% of rated frequency within one cycle.

5.6.2 Measurement system requirements

Each measurement shall have an uncertainty of no more than 0.5 times the specified accuracies of the tested
ESS. The equipment used for measuring shall be capable of confirming the product performance stated by the
manufacturer.

6. Type tests

The type test is mainly used to verify the design principle and ratings of the ESS. If the ESS consist of several
different equipment units, the corresponding type test shall be carried out for each unit according to its specific
function.

If any critical characteristics of the ESS are changed and could influence the performance of the ESS, the type
test shall be re-performed. These characteristics could be related to design, manufacturing processes, compo-
nents, materials and firmware.

6.1 Temperature stability test
6.1.1 Purpose

The purpose of the test is to verify whether the ESS applied in the EPS is capable of fully functioning within
a specified temperature range, and relevant parameters shall be within an accuracy range as stated by the
manufacturer.
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The test consists of two sections: the storage temperature test and the operation temperature test. The storage
temperature test verifies that the ESS shall be stored without damage under the temperature condition stated by
the manufacturer. The operational temperature test verifies whether the ESS are capable of functioning under
the operational temperature conditions specified by manufacturers and its performance shall be achieved close
to an accuracy stated by the manufacturer.

When the results obtained from both tests have met the storage and operational requirements specified by the
manufacturer respectively, the subsequent type tests can be carried out.

6.1.2 Storage temperature test

The test shall be carried out under the temperature condition stated by the manufacturer.

When the tested ESS are at power-off state, they shall be placed for at least 72 h at the maximum, normal and
minimum temperature conditions as stated by the manufacturer. If the normal temperature is not stated, the
weighted average of the maximum and minimum temperatures could be used. Then, place the tested ESS un-
der room-temperature conditions. The tested ESS shall be able to function normally when they resume to room
temperature.

If the tested ESS are composed of several equipment units, each unit shall go through the storage temperature
test respectively. If every equipment unit satisfies the requirements, the ESS could be considered as meeting
the requirements as a whole.

To ensure the equipment reach the required temperature, the temperature shall be stable at room temperature.
Usually, temperature becomes stable after 2.5 h at minimum. When the deviations of three successive tem-
perature readings of 30 min intervals are within 1 °C, the temperature is considered stable.

6.1.3 Operation temperature test

In order to ensure that the tested ESS have reached the desired temperature, the temperature values shall be
recorded every 30 min. The temperature is considered stable when the deviations of three successive tempera-
ture readings are within 1 °C. For the lowest operating temperature, the tested ESS should remain powered off
until the temperature is stable. Test temperature and function shall be selected as follows:

a)  Selection of test temperature: The ESS shall be tested at the minimum, normal (if the normal tem-
perature is not stated, the weighted average of the maximum and minimum temperatures shall be
used.) and maximum temperature stated by the manufacturer, respectively. If non-linear phenomena
are found during the test, additional tests under selected points between minimum and maximum tem-
perature shall be performed.

b)  Selection of test function: The trip and reset parameters shall be measured within the test tempera-
ture range stated by the manufacturer, including voltage, current, power, phase angle, frequency, and
time parameter. It is not necessary to test all functions of the ESS, only those likely to be affected by
temperature. The tested ESS shall be able to properly perform the protection function stated by the
manufacturer.

c) Every function or parameter selected in step b) shall be tested three times at every test temperature
point selected in step a).

6.2 State of charge (SOC) test

The purpose of the test is to measure the actual storage capacity of the energy storage battery pack and evaluate
the accuracy of charging quantity indicated by the battery management system (BMS).

The procedure for Test 1, the fully charging/discharging test, is as follows:
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Connect the measuring devices to the point of common coupling (PCC) between the tested ESS and
the EPS or simulated EPS.

The tested ESS shall discharge to the minimum SOC stated by the manufacturer.

Based on the charging condition and steps stated by the manufacturer, record the charging quantity in
Table 3 until the maximum SOC stated by the manufacturer has been reached.

Based on the discharging condition and steps stated by the manufacturer, record the discharging quan-
tity in Table 3 until the minimum SOC stated by the manufacturer has been reached.

NOTE—The charging quantity may not be equal to the discharging quantity, because of the conversion losses
during the charging and discharging processes.

Calculate the differences of the charging quantity and the discharging quantity and record the value in
the Table 3.

NOTE—The charging quantity should be slightly higher than the discharging quantity. Otherwise, the measuring
instruments and methods used should be reconsidered.

Repeat steps c) to e) at least eight times. Using Table 3. to calculate the average value of the charging

quantity C., the average value of the discharge quantity Cy , and the difference between the two D .
The following percentage values also need to be calculated:

1) Charging quantity deviation:

8
~ ZC(‘ i
C.— Cstated x100% Evc _ =l -
stated 8

2) C,,.q - the capacity stated by the manufactures

stated *

3) Discharging quantity deviation D, :

8
c,-C _ G,
— d stated XIOO% Cd — i=1 8

stated

D,

4) Charging and discharging quantity deviation D: D = x100%

stated

Sl
1
‘:

(ch _Ddii)

=l

8

The procedure for Test 2, the proportionally charging/discharging test, is as follows:

a)

b)

c)

Charge the battery pack at a rated charging current stated by the manufacturer, until the SOC reach
setting points in turn (typical setting points are 10%, 25%, 50%, 75%, 90%; e.g., SOC, =10% , then
SOC,.,, =25%; SOC, = 25% , then SOC,,, = 50%).

Measure and record the charging quantity absorbed by the battery pack from SOC, to the next
SOC

n+l*

Discharge the battery pack at rated discharging current stated by the manufacturer, until the SOC
reach setting points in turn (such as 90%, 75%, 50%, 25% and 10%).

18
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2)

Measure and record the discharging quantity released by the battery pack from SOC
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adjacent SOC, .

to the next

Repeat step a) to step d) four times, and record the test results in Table 4 and Table 5, take the average
value of measurement results of charging quantity between adjacent SOC points, and record it as the

average measurement value of charging quantity C, .

Calculate C, (calculation value of charging quantity): C. = (SOC,,, —SOC,)C,, where C, is the

nominal capacity specified by the manufacture.

Calculate the difference between C,, and C., which shall meet the accuracy requirement stated by

the manufacturer.

Use Table 3, Table 4, and Table 5 to record the charging quantity of the tested ESS.

Table 3—Charging quantity record table

Test number

Actual measured charging quantity

Charging quantity, C, |

Discharging quantity, C, |

Deviation, D, =C, , —C, ,

Charging quantity, C, ,

Discharging quantity, C, ,

Deviation, D, =C, ,—C, ,

Charging quantity, C, ,

Discharging quantity, C, ,

Deviation, D; =C, ; —C, ,

Charging quantity, C, ,

Discharging quantity, C, ,

Deviation, D, =C, ,—C, ,

Charging quantity, C,

Discharging quantity, C, s

Deviation, D, =C,  —C,

Charging quantity, C,

Discharging quantity, C, ,

Deviation, D, =C, (—C, ¢

19
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Table 3—Charging quantity record table (continued)

Test number Actual measured charging quantity

Charging quantity, C_ ,

7 Discharging quantity, C, ,

Deviation, D, =C, , —C, ,

Charging quantity, C,

8 Discharging quantity, C, ¢

Deviation, Dy, =C,  —C,

Average charging -~
quantity Ce ZC

Average discharg- Ed _ Z Cdii

ing quantity —

8
Average charging/ D
discharging quan- — ; i
tity deviation D= T

Table 4—Charging quantity test record table

SOC interval 10%~25% 25%~50% 50%~75% 75%~90%
1
Measure-
ment value 2
of charging 3
quantity 4

Average measurement value of

charging quantity C_m

Calculation value of charging (25%—10%)xC, | (50% —25%)xC, | (75%—50%)xC, | (90%—T75%)xC,
quantity C,

Deviation (C_m -C,)

Table 5—Discharging quantity test record table

SOC interval 90%~75% 75%~50% 50%~25% 25%~10%
1
Measurement 2
value of discharg-
ing quantity 3
4

Average measurement value of

discharging quantity CTm

Calculation value of discharging (90%—75%)xC, | (75%—50%)xC, | (50%—25%)xC, | (25%—10%)xC,
quantity C,

Deviation ( C_m -C.)
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Charging quantity C of the battery is defined as:
C= f Idt(Ah)
where

I 1is the charging/discharging current, with unit 4

¢t 1isthe charging/discharging time correspondently, with unit 4
6.3 Conversion efficiency test
6.3.1 PCS conversion efficiency test

The power conversion system (PCS) is an important part of ESS in a power system, which can realize ac and
dc conversion between the ESS and the ac grid bidirectionally. The purpose of this test is to test energy conver-
sion efficiency of the PCS.

Test 1 (PCS test in inverter mode) sets the PCS of the tested ESS in inverter mode as follows:

a)  Connect the PCS as an inverter according to the instruction and specification provided by the manu-
facturer (see Figure 2).

dc input ac output

PCS

Figure 2—PCS in inverter mode

b)  Set the input and output voltage of the PCS to nominal value and the frequency of the power supply at
the ac side to nominal value. Adjust the input power supply until the output power of the PCS reaches
the rated level. Operate the PCS for at least 30 min at rated output power.

¢)  Adjustthe input and output voltage of the PCS to the displayed value in Row A of Table 6.
d)  Adjust the input power of the PCS to 100% as shown in Table 6.

e)  When the temperature of the PCS is stable, record the environment temperature and the tested ESS
temperature, and measure and record three groups of input voltage (U,, ), input current ( /,, ), output

voltage, and output power ( P, ), respectively.
f)  Calculate the input power according to the formula B, =U,{,. .

g)  When measuring the output power in a three-phase three-wire system, choose any one of the three
wiring methods shown in Figure 3. Output power P, is the algebraic sum of the two power meter

readings.

For three-phase four-wire systems, connect the three power meters as shown in Figure 4. The output
power P isthe sum of the three power meter readings.

Repeat Steps d) to e) at the input power levels of 75%, 50%, 25%, respectively, and record the results
correspondingly

h)  To test Condition B to C in Table 6, repeat Step c) to f); the test shall be carried out from maximum
power to minimum power
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