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Abstract: The type, production, commissioning, and periodic tests, and evaluations that shall be
performed to confirm that the interconnection and interoperation functions of equipment and
systems interconnecting distributed energy resources with the electric power system conform to
IEEE Std 1547 are specified in this standard.

Keywords: certification, clearing time, codes, commissioning, communications, dc injection,
design, diesel generators, dispersed generation, distributed generation, electric distribution
systems, electric power systems, energy resources, energy storage, faults, field, flicker,
frequency support, fuel cells, generators, grid, grid support, harmonics, IEEE 1547™ |EEE
1547.1™  induction machines, installation, interconnection requirements and specifications,
interoperability, inverters, islanding, microturbines, monitoring and control, networks, paralleling,
performance, photovoltaic power systems, point of common coupling, power converters, power
quality, production tests, protection functions, public utility commissions, reclosing coordination,
regulations, ride through, rule-making, standards, storage, synchronous machines, testing, trip
setting, utilities, voltage regulation, wind energy systems
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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/ipr/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. IEEE
Standards are documents developed through scientific, academic, and industry-based technical working
groups. Volunteers in IEEE working groups 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 Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users 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.

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 IEEE 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.

. Documents
Copyright © 2020 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 18:50:19 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1547.1-2020


http://www.avadocuments.com/doc/ieee-1547-1-2020
http://www.avadocuments.com/doc/ieee-1547-1-2020

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 IEEE Xplore 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 IEEE standards can be accessed via https://standards.ieee.org/standard/index.html. Search
for standard number and year of approval to access the web page of the published standard. Errata links are
located under the Additional Resources Details section. Errata are also available in IEEE Xplore:
https://ieeexplore.ieee.org/browse/standards/collection/ieee/. Users are encouraged to periodically check for
errata.

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 https://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.

5 Documents
Copyright © 2020 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 18:50:19 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1547.1-2020


http://ieeexplore.ieee.org/
http://standards.ieee.org/
https://standards.ieee.org/standard/index.html
https://ieeexplore.ieee.org/browse/standards/collection/ieee/
https://standards.ieee.org/about/sasb/patcom/patents.html
http://www.avadocuments.com/doc/ieee-1547-1-2020
http://www.avadocuments.com/doc/ieee-1547-1-2020

Participants

At the time this standard conformance test procedures document was completed, the IEEE Standards
Coordinating Committee on Fuel Cells, Photovoltaics, Dispersed Generation, and Energy Storage had the
following membership:
Mark Siira, Chair
Babak Enayati, Vice Chair
Jens C. Boemer, Secretary
Charles K. Vartanian, Treasurer
Wayne Stec, Technical Writer

Curtis Ashton Anderson Hoke Michael (Mike) Ropp
Thomas Basso Ben Kazimier Janette Sandberg

Leo Casey Debra Lew Robby Simpson
Mohla Daleep David Narang Reigh Walling

Frank Goodman Tim Zgonena

At the time this standard was completed, the Standard Conformance Test Procedures for Equipment
Interconnecting Distributed Energy Resources with Electric Power Systems and Associated Interfaces
Working Group (P1547.1 WG) of the Standard Coordinating Committee 21 (SCC21) on Fuel Cells,

Photovoltaics, Dispersed Generation, and Energy Storage had the following membership:

Anderson Hoke, Chair
Jeannie Amber, Secretary

Subgroup Chairs

Babak Enayati, Karl Schoder, Tim Zgonena, Vice Chairs

Marcelo Algrain, Jeannie Amber, John Berdner, Jens C. Boemer, Jonathan Ehlmann, Bob Fox,
Haile Gashaw, Sigifredo Gonzalez, Anderson Hoke, Soonwook Hong, Gregory Kern, Jesse Leonard,
Shazreen Meor Danial, Michael (Mike) Ropp, Karl Schoder, Brian Seal, Mark Siira, Wayne Stec,

Reigh Walling, Robert White

Marcelo Algrain Jonathan Ehlmann Jesse Leonard
Danial Arjona Babak Enayati Haiwen Liu
Dillon Ashton Brian Espiritu Brian Lydic
Thomas Basso Wesley Fassnacht Fumio Masuda
John Berdner Bob Fox James Mater
George Bern Haile Gashaw Shazreen Meor Danial
David Blackledge Ken Gebauer Jonathan Meyer
Jason Bobruk Sigifredo Gonzalez Lyman Morikawa
Jens C. Boemer Thomas Gwinn Edward Morrow
Richard Bravo Keith Harley Naga Raja Rao
Robert Bridges Kyle Hawkings David Narang
Michael Brigandi Anderson Hoke Cuong Nguyen
Paul Brucke Soonwook Hong Marty Page

Ken Brunkenhoefer Keith Houser Jeannie Amber
Sean Carr Aminul Huque Robert Preus
Sudipta Chakraborty James Hurtt Rodrigo Roe

Ke Chen Ruben Inzunza Michael (Mike) Ropp
Nancy Connelly Mike Jensen John Ruddick
Patrick Dalton Bob Jordan Nachum Sadan
Mamadou Diong Prashant Kansal Roger Salas
Benjamin Ealey Scott Karpiel Janette Sandberg
Anthony Eason Gregory Kern Joe Schaefer
Christian Eder Paul Krell Karl Schoder

6
Copyright © 2020 IEEE. All rights reserved.

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 18:50:19 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1547.1-2020


http://www.avadocuments.com/doc/ieee-1547-1-2020
http://www.avadocuments.com/doc/ieee-1547-1-2020

Rich Scroggins
Brian Seal
Ronald Shipman
Mark Siira
Mark Smith
Gary Smullin

Lincoln Sprague
James Sprecher
Wayne Stec
Tim Sullivan
Chase Sun

Charlie Vartanian
Reigh Walling
Robert White

Kevin Whitener
Stephen Wurmlinger
Tim Zgonena

The following working group members comprised the comment resolution team responsible for addressing

ballot comments:

Marcelo Algrain
Jeannie Amber
John Berdner

Jens C. Boemer
Nancy Connelly
Jonathan Ehlmann
Haile Gashaw
Sigifredo Gonzalez

The following members of the individual balloting committee voted on this

Anderson Hoke
Gregory Kern

Paul Krell

Jesse Leonard
Shazreen Meor Danial
Michael (Mike) Ropp
David Narang

voted for approval, disapproval, or abstention.

Mark Ahlstrom
Ali Al Awazi
Mihaela Albu

Roy Alexander
Marcelo Algrain
Saleman Alibhay
Steven Allmond
Chris Ambrose
Jay Anderson
Daniel Arjona
Curtis Ashton
Mark Baldassari
Thomas Barnes
Paul Barnhart
Frank Basciano
Michael Basler
Thomas Basso
Brian Baumgart
David Beach

John Berdner
Thomas Blackburn
David Blackledge
Robin Blanton
William Bloethe
Jens Boemer
Edwin Briggs
David Brown
Gustavo Brunello
Demetrio Bucaneg, Jr
Jeftrey Burnworth
William Byrd
Eldridge Byron
John Calvin

Mario Manana Canteli
Paul Cardinal
Clint Carne

Sean Carr

Leo Casey

Sudipta Chakraborty

Wen-Kung Chang
Ke Chen

Nancy Chilton
Frances Cleveland
Kent Coldsnow
Nancy Connelly
Larry Conrad
Stephen Conrad
Luis Coronado
Randall Crellin
Timothy Croushore
Curtis Cryer
Robert Cummings
Patrick Dalton
Ratan Das
Mamadou Diong
Michael Dood
Neal Dowling
Herbert Dreyer
Paul Duncan
Donald Dunn
David Dunne
Benjamin Ealey
Christian Eder
Antti Eerola
Jonathan Ehlmann
Zakia E1 Omari
Babak Enayati
Peter Evans

Kevin Fellhoelter
Jorge Fernandez Daher
Curtis Fischer
Keith Flowers
Rostyslaw Fostiak
Robert Fox
Raymond Frazier, II1
Hailegebriel Gashaw
Ken Gebauer

Paul Gingrich

7
Copyright © 2020 IEEE. All rights reserved.

Karl Schoder

Brian Seal

Mark Siira

Wayne Stec

Reigh Walling
Robert White
Stephen Wurmlinger
Tim Zgonena

standard. Balloters may have

Tim Godfrey
Jalal Gohari
Edwin Goodwin
Lou Grahor
Joseph Grappe
Stephen Grier
Randall Groves
Joshua Hambrick
John Harley
Robert Harris
Kyle Hawkings
Thomas Hawkins
Jeftrey Helzer
Mariana Hentea
Lee Herron
Michael Higginson
Werner Hoelzl
Robert Hoerauf
Anderson Hoke
Eric Hope
Lawrence Hopkins
Philip Hopkinson
Todd Irwin
Dmitry Ishchenko
Richard Jackson
Anthony Johnson
Gerald Johnson
Geza Joos
Innocent Kamwa
Robert Kazimier
Peter Kelly

Chad Kennedy
Gael Kennedy
Sheldon Kennedy
Gregory Kern
Yuri Khersonsky
Amin Khodaei
James Kinney
Chad Knutson

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 18:50:19 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1547.1-2020


http://www.avadocuments.com/doc/ieee-1547-1-2020
http://www.avadocuments.com/doc/ieee-1547-1-2020

Boris Kogan
Lawrence Kotewa

Paul Krell Lorraine Padden Joseph Stevens
Jim Kulchisky Bansi Patel Clayton Stice
Michael Lafond Stephen Pell K. Stump
Chung-Yiu Lam Jeannie Piekarz Paul Sullivan
Robert Landman Prasad Pmsvvsv Chase Sun

Raluca Lascu Lakshman Raut David Tepen

John Leach James Reilly Michael Thesing
Wei-Jen Lee Caryn Riley Sylvester Toe
Jesse Leonard Charles Rogers James Tomaseski
Brian Lydic Michael Ropp Francois Trichon
Jose Marrero Edward Ruck Craig Turner

Todd Martin John Ruddock Demetrios Tziouvaras
Sal Martino Nachum Sadan Eric Udren

James Mater Christian Sanchez Philip Undercuffler
Omar Mazzoni Chester Sandberg Timothy Unruh
William McBride Janette Sandberg James Van De Ligt
Jeffrey McElray Kenneth Sanders Benton Vandiver
Hank McGlynn Steven Sano Luis Vargas

Brian McMillan Bartien Sayogo Charlie Vartanian
Jonathan Meyer Joseph Schaefer S. Venkata

Peter Meyer Carl Schneider John Vergis

Bob Micek Karl Schoder Michael Wactor
James Mirabile Ulrich Schwabe Simon Wall
Andrew Miraldi Brian Seal Reigh Walling
Jeff Mizener Christopher Searles John Wang

Lyman Morikawa Kenneth Sedziol Daniel Ward
Edward Morrow Daniel Seidel Keith Waters
Charles Morse Robert Seitz John Webb

David Mueller John Seuss Kenneth White
Adi Mulawarman Nikunj Shah Robert White

R. Murphy Frank Siepker Kevin Whitener
Mark Murray Michael Sigmon Allen Windhorn
Bruce Muschlitz Mark Siira Philip Winston

K. R. M. Nair Hyeong Sim Nicolas Wrathall
David Narang Jerry Smith Stephen Wurmlinger
Alexandre Nassif Gary Smullin Oren Yuen

Cuong Nguyen Joseph Sowell Nicholas Zagrodnik
James Niemira Lincoln Sprague David Zech

Joe Nims Allan St Peter Tim Zgonena
Chenhui Niu Wayne Stec Danish Zia
Matthew Norwalk Ahmed Zobaa

Gregory Olson
Mohamed Osman

Marcus Steel
Michael Stephens

When the IEEE SA Standards Board approved this standard on 5 March 2020, it had the following

membership:
Gary Hoffman, Chair
Jon Walter Rosdahl, Vice Chair
Jean-Philippe Faure, Past Chair
Konstantinos Karachalios, Secretary

Ted Burse David J. Law Mehmet Ulema
J. Travis Griftith Howard Li Lei Wang
Grace Gu Dong Liu Sha Wei
Guido R. Hiertz Kevin Lu Philip B. Winston
Joseph L. Koepfinger* Paul Nikolich Daidi Zhong
John D. Kulick Damir Novosel Jingyi Zhou

Dorothy Stanley

*Member Emeritus

o Documents
Copyright © 2020 IEEE. All rights reserved. Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 18:50:19 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1547.1-2020


http://www.avadocuments.com/doc/ieee-1547-1-2020
http://www.avadocuments.com/doc/ieee-1547-1-2020

Introduction

This introduction is not part of IEEE Std 1547.1-2020, IEEE Standard Conformance Test Procedures for Equipment
Interconnecting Distributed Energy Resources with Electric Power Systems and Associated Interfaces.

IEEE Std 1547.1 is one of a series of standards developed by Standards Coordinating Committee 21
(SCC21) concerning distributed energy resource (DER) interconnection. IEEE Std 1547.1 and the root
standard, IEEE Std 1547, were amended in 2014 and 2015 (IEEE Std 1547a™ and IEEE Std 1547.1a™,
respectively) in response to a widely expressed need to make changes to subclauses related to voltage
regulation and response to area EPS abnormal conditions in IEEE Std 1547-2003 and IEEE Std 1547-2005.
A new revision of IEEE Std 1547 was published in 2018 to accommodate additional requirements needed
for higher levels of DER. The titles of the additional documents in the series are as follows:

— IEEE Std 1547, IEEE Standard for Interconnection and Interoperability of Distributed Energy
Resources with Associated Electric Power Systems Interfaces.

— IEEE P1547.2™_ Draft Application Guide for IEEE Std 1547, Interconnecting Distributed
Resources with Electric Power Systems [B9].

— IEEE Std 1547.3™, IEEE Guide for Monitoring, Information Exchange, and Control of Distributed
Resources Interconnected with Electric Power Systems [B21].

— IEEE P1547.4™, IEEE Guide for Design, Operation, and Integration of Distributed Resource
Island Systems with Electric Power Systems [B22].

— IEEE Std 1547.6™, IEEE Recommended Practice for Interconnecting Distributed Resources with
Electric Power Systems Distribution Secondary Networks [B24].

— IEEE Std 1547.7™, IEEE Guide for Conducting Distribution Impact Studies for Distributed
Resource Interconnection [B25].

— IEEE P1547.9™ Draft Guide to Using IEEE Standard 1547 for Interconnection of Energy Storage
Distributed Energy Resources with Electric Power Systems [B10].

The root standard, IEEE Std 1547, defines a set of uniform requirements for the interconnection of DER to
the distribution segment of the electric power system (EPS). The first publication of IEEE Std 1547 was an
outgrowth of the changes in the environment for production and delivery of electricity and built on prior
IEEE recommended practices and guidelines developed by SCC21.

IEEE Std 1547 includes requirements relevant to the operation of the interconnection. It generally defines
limitations and set points for various parameters that must be satisfied prior to the connection of a DER to
the EPS, at the instant of connection, and for the separation of such resources from the EPS for abnormal
conditions.

IEEE Std 1547.1 provides conformance test and evaluation procedures to establish and verify compliance
with the requirements of IEEE Std 1547. When applied, the IEEE 1547.1 test and evaluation procedures
provide a means for manufacturers, utilities, or independent festing agencies to confirm the suitability of
any given DER for interconnection with the EPS. Such certification can lead to the ready acceptance of
confirmed equipment as suitable for use in the intended service by the parties concerned. While this
standard defines test and evaluation procedures, it does not specify measurement techniques. Suitable
measurement techniques can be found in various technical publications including, but not limited to, IEEE
Std 120™ [B17].

It is beyond the scope of IEEE Std 1547.1 to specify the design and performance criteria for DER or
components. It is left to the parties concerned to determine that the equipment manufacturer’s
specifications and confirmed performance satisfy the technical needs of the EPS distribution circuit to
which the DER is to be connected and the EPS in general. Similarly, this standard does not address the
local electrical power system technical needs nor load requirements for the facility or premises where the
point of DER connection is made.
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IEEE Standard Conformance Test Procedures for Equipment

Interconnecting Distributed Energy Resources with Electric Power

Systems_and Associated Interfaces
1. Overview

1.1 General

This standard provides tests and procedures for verifying conformance of distributed energy resources

(DERs intereonnectionsystemsICSs) to IEEE Std 1547m™ 1 It is recognized that a DER anJCS can be

a single device providing all required functions or an assembly of components, each having limited

functions_and capabilities. Components having limited functions_and capabilities shall be tested for

those functions in accordance with this standard. Conformance may be established through a

combination of type {referred-to-as“design’testsinHEEE-Std-1547), production, and commissioning

tests_as well as DER design evaluations and DER installation evaluations. Additionally, conformance to

IEEE Std 1547 may require requires-interconnection-installation-evaluationand periodic tests.

This standard also includes Annex A, which describes normative test signals and ramp functions

used in conducting some tests. Information on where to find the test results reporting template (a

separate document) is provided in Annex B. Additionally, Annex C through Annex ] provide

informative content a-bibliegraphy-isincluded-as-AnnexB;-itlists-documents that may be helpful are
referred—to in implementing this standard-fer-infermative-purpeses, but that is are not required to

implement the procedures defined in this standard.

1.2 Scope

This standard specifies the type, production, and-commissioning, and periodic tests and evaluations

that shall be performed to confirm demenstrate that the interconnection and interoperation

functions of and equipment and systems interconnecting ef-the-distributed energy resources (DERs)

with the electric power system (EPS) BPR)-conform to IEEE Std 1547, as revised, corrected, or amended.

1Information on normative references can be found in Clause 2.
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1.3 Purpose

Distributed energy resources (DERs) shall Interconnection—equipment-thatconneets PRto-an—eleetrie
powersystem(EPS)must meet the requirements specified in IEEE Std 1547. Standardized test and

evaluation procedures are necessary to establish and verify compliance with those requirements.

These test-procedures shall must provide-both repeatable resultsindependent-of-testlocation; and

flexibility to accommodate a the variety of DER PR technologies and functions.
1.4 Limitations

This standard does not cover testing for product safety.

Although this standard does not define a certification process, these tests may be used as part of

such a process.2

1.5 Compliance review

The tests and procedures in this standard are intended to provide reasonable test coverage for DER

components and systems in meeting the requirements of IEEE Std 1547, but it cannot anticipate and

cover all aspects of IEEE Std 1547. There are likely to be scenarios that this standard does not

anticipate. The requirements of IEEE Std 1547 apply to systems operating in the field and over their

operating lifetime. Type tests and commissioning tests, for example, may not be able to predict exact

performance of systems in the field.

2For example, in the U.S. it is typical for inverter-based DERSs to be approved under Underwriter’s Laboratories Standard 1741 (UL

1741), which directly references IEEE Std 1547 and calls for application of the test procedures in IEEE Std 1547.1. In this example,

type tests in IEEE Std 1547.1 are typically conducted by a Nationally Recognized Testing Laboratory (NRTL), and the DER unit is

approved for compliance with UL 1741, indicating it has passed the IEEE Std 1547.1 type tests.
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2. Normative references

The following referenced documents are indispensable for the application of this document (i.e.,

they must be understood and used; therefore, each referenced document is cited in text and its

relationship to this document is explained) standard. For dated references, only the edition cited

applies. For undated references, the latest edition of the referenced document (including any

amendments or corrigenda) applies.

DNDP3 Application Note AN2018-001, DNP3 Profile for Communications with Distributed Energy

Resources.

IEC 61000-3-6, Electromagnetic compatibility (EMC)—Part 3-6: Limits— Assessment of emission

limits for the connection of distorting installations to MV, HV and EHV power svstems.3

IEC/IEEE 62271-37-013, International Standard for High-voltage switchgear and control gear —Part

37—013: Alternating-current generator circuit-breakers.

IEEE C37.04™-2018, IEEE Standard for Ratings and

Requirements for AC High-Voltage Circuit Breakers with Rated Maximum Voltage Above 1000 V. 4

5

IEEE Std C37.09™-2018, IEEE Standard Test Procedures for AC High-Voltage Circuit Breakers with

Rated Maximum Voltage Above 1000 V.

IEEE Std C37.60™, IEEE/IEC International Standard —High-voltage switchgear and controlgear—

Part 111: Automatic circuit reclosers and fault interrupters for alternating current systems up to 38

kV.

éIEC publications are available from the International Electrotechnical Commission (www.iec.ch).

4 31EEE publications are available from The Institute of Electrical and Electronics Engineers,-445HoesLanePiscatawayNJ-08854;
USA (http://standards.ieee.org/).

5 4The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers,

Inc.
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IEEE Std C37.90.1™, IEEE Standard for Surge Withstand Capability (SWC) Tests for Relays and

Relay Systems Associated with Electric Power Apparatus.

IEEE Std C37.90.2™, IEEE Standard for Withstand Capability of Relay Systems to Radiated

Electromagnetic Interference from Transceivers.

IEEE Std C37.111™/TEC 60255-24, IEEE/IEC Measuring relays and protection equipment—Part 24:

Common format for transient data exchange (COMTRADE) for power systems.

IEEE Std C62.41.2™, JEEE Recommended Practice on Characterization of Surges in Low-Voltage
(1000 V and Less) AC Power Circuits.

IEEE Std C62.45™, IEEE Recommended Practice on Surge Testing for Equipment Connected to Low-
Voltage (1000 V and Less) AC Power Circuits.

IEEE Std C62.92.1™, IEEE Guide for the Application of Neutral Grounding in FElectrical Utility

Systems —Part I: Introduction.
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IEEE C62.92.6™, IEEE Guide for Application of Neutral Grounding in Electrical Utility Systems, Part

VI—Systems Supplied by Current-Regulated Sources.

IEEE Std 112™, TEEE Standard Test Procedure for Polyphase Induction Motors and Generators.

IEEE Std 115™, IEEE Guide for Test Procedures for Synchronous Machines—Part I—Acceptance

and Performance Testing and Part II—Test Procedures and Parameter Determination for Dynamic

Analysis.

IEEE Std 421.5™, IEEE Recommended Practice for Excitation System Models for Power System

Stability Studies.

IEEE Std 1159.3™ JTEEE Recommended Practice for Power Quality Data Interchange Format

(PODIE).

IEEE Std 1547™, IEEE Standard for Interconnection and Interoperability of Interceonneeting

Distributed Energy Resources with Associated Electric Power Systems_Interfaces.. NEMA-MG-1;

Metefsaﬂd—Geﬂefatef&5

IEEE Std 1815™-2012, IEEE Standard for Electric Power Systems Communications-Distributed

Network Protocol (DNP3).

IEEE Std 2030.5™-2018, IEEE Standard for Smart Energy Profile Application Protocol.

SunSpec DER Information Model Specification, published on July 15 of 2019, available at

https://sunspec.org.

3. Definitions, abbreviations, and acronyms

3.1 Definitions

For purpeses-of-this document standard, the following terms and definitions apply. See IEEE Std

1547 for additional relevant definitions. The IEEE Standards Awtheritative Dictionary Online® of HEEE

Standards—Terms—{B5} should be consulted referenced for terms not defined in this subclause or in

IEEE Std 1547 elause.

6IEEE Standards Dictionary Online is available at http://dictionary.ieee.org.
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Because this standard is integrally linked with IEEE Std 1547, many terms are used in both

documents. Some definitions from IEEE Std 1547-2018 that are frequently used here are repeated

verbatim for the convenience of readers. Those definitions are marked with an asterisk (*).

abnormal operating performance category*: The gerouping for a set of requirements that specify

technical capabilities and settings for a DER under abnormal operating conditions, i.e., outside the

continuous operation region.

ac test source simulated-area-electric power-system+EPS): An assembly of voltage and frequency

test equipment replicating a utility power source for the purposes of DER testing. Where

appropriate, the actual area EPS may be used as the ac test source. Where-appropriate-the-actualarea

EPRS can beused-asthesimulated-area EPS:

\ Interconnection System (ICS)
Distrib esource (D
M\ (OR System Control //
(Output Laveds, StardStap, etac.)

rgy
Comvarter) \\ Electrica tection

Energy Source adt
(itarnal Comtas an, | P Area EPS

Phatovaitaios, Wind, Fue! Cal, or

Tuhine, Storage, eic.) /\ Local EPS
Ganerator 4| | Steady-State 6qntrol
}% (V, 1, W, VAR, pf)

Ancillary Equipment \
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3.2 Definiti

area electric power system (area EPS)*: An EPS that serves local EPSs.

NOTE— that; Typically, an area EPS has primary access to public rights-of-way, priority crossing of

property boundaries, etc., and is subject to regulatory oversight. ”

area electric power system operator (area EPS operator)*: The entity responsible for designing,

building, operating, and maintaining the area EPS.

authority governing interconnection requirements (AGIR)*: A cognizant and responsible entity

that defines, codifies, communicates, administers, and enforces the policies and procedures for

allowing electrical interconnection of DER to the area EPS. This may be a regulatory agency, public

utility commission, municipality, cooperative board of directors, etc. The degree of AGIR

involvement will vary in scope of application and level of enforcement across jurisdictional

boundaries. This authority may be delegated by the cognizant and responsible entity to the area EPS

operator or regional reliability coordinator (as defined in IEEE Std 1547-2018).

NOTE—Decisions made by AGIR should consider various stakeholder interests, including but not

limited to load customers, area EPS operators, DER operators, and regional reliability coordinator.

clearing time*: The time between the start of the abnormal condition and the DER distributed

resourees—(PR’s) ceasing to energize the arean eleetriepower—system—(EPS). It is the sum of the

detection time, any adjustable time delay, the operating time plus arcing time for any interposing

devices (if used), and the operating time plus arcing time for the interrupting device (used to

interconnect the DER BR with the area EPS).
commissioning test: A test conducted when the equipment is installed to verify correct operation.

DER evaluation: Design evaluation or installation evaluation.

distributed energy resource operator (DER operator)*: The entity responsible for operating and

maintaining the distributed energy resource.

7Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to

implement the standard.
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DER unit: A fully compliant DER that does not require supplemental DER devices to meet the

requirements of IEEE Std1547.

DER system: A system that consists of DER unit(s) and supplemental DER device(s) that is type tested

as a system and installed in accordance with the DER manufacturer’s instructions and that, as a

whole, is fully compliant with IEEE Std 1547.

DER composite: A system that consists of partially compliant DER components and supplemental

DER device(s), and requires detailed design evaluation, installation evaluation, and commissioning tests

to determine full compliance to IEEE Std 1547 requirements.

design evaluation: An evaluation (desk study) during the design and interconnection review

process to verify that the fully compliant DER system or composite of the individual partially

compliant DERs forming a system as designed meets the interconnection and interoperability

requirements of IEEE Std 1547. This evaluation is usually done off-site before equipment is delivered

and installed.

detection time: The minimum length of time from the inception of an the abnormal condition to the
change in state of the device or function dedicated to controlling the interrupting device. Syn:

processing time.

distributed energy resource (DER)* resources—BDR): A source Seurees of electric power that is are

not directly connected to a bulk power transmission-system, as defined in IEEE Std 1547-2018. DER

DR includes both generators and energy storage technologies_capable of exporting active power to

an EPS. An interconnection system or a supplemental DER device that is necessary for compliance with

this standard is part of a DER.

NOTE —Controllable loads used for demand response are not included in the definition of DER.
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electric power system (EPS)*: Facilities that deliver electric power to a load. Nete-that EPS—may

includegenerationunits—See also: area electric power system (area EPS); local electric power system
(local EPS EPS).

NOTE—This may include generation units.

installation evaluation: An evaluation at the time of DER commissioning to verify that the fully

compliant DER system or composite of the individual partially compliant DER units forming a

system as delivered and installed meets the interconnection and interoperability requirements of

IEEE Std 1547.

intentional island*: A planned electrical island that is capable of being energized by one or more

local EPSs. These (1) have DER(s) and load, (2) have the ability to disconnect from and to parallel

with the area EPS, (3) include one or more local EPS(s), and (4) are intentionally planned.

NOTE—An intentional island may be an intentional area EPS island or an intentional local EPS island

(also: “facility island”).

interconnection system* (CS): The collection of all interconnection and interoperability equipment
and functions, taken as a group, used to interconnect a DER distributedresources{PR)unit to an
area eleetrie-powersystema{EPS).

interrupting device: A device capable of being opened and-reclosed-whose purpose is to disconnect

loads or interrupt load current or fault current fats and restore service er-disconnectloads.

NOTE— These devices can be manual, automatic, or motor-operated. Examples include circuit

breakers, motor-operated switches, and electronic switches.

island*: A condition in which a portion of an area electric power system (area EPS) is energized solely

by one or more local EPSs through the associated peints—ef-common—ecouplng{(PCCs) while that

portion of the area EPS is electrically separated from the rest of the area EPS_on all phases to which

the DER is connected. When an island exists, the DER energizing the island may be said to be

“islanding.”
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local electric power system (local EPS)*: An EPS contained entirely within a single premises or

group of premises.

minimum required accuracy (MRA): The minimum required steady-state measurement and

calculation accuracy of a DER for a given parameter, as defined in Table 3 in IEEE Std 1547-2018.

multiphase: Describes a system or device with two or more phases derived from separate

transformers or a three-phase transformer. The nominal phase angle between phases is 120 degrees

or 240 degrees.

NOTE —120/240V _three-wire systems (i.e., split-phase systems) are not considered multiphase since

they are derived from a single transformer from a single phase of the distribution system.

nameplate ratings*: Nominal voltage (V), current (A), maximum active power (kW), apparent

power (kVA), and reactive power (kvar) at which a DER is capable of sustained operation.

NOTE—For local EPS with multiple DER units, the aggregate DER nameplate rating is equal to the

sum of all DERs’ nameplate rating in the local EPS, not including aggregate capacity limiting

mechanisms such as coincidence factors, plant controller limits, etc., that may be applicable for

specific cases.

paralleling device: A device (e.g., circuit breaker) operating under the control of a synchronizing

function to electrically connect two energized power sources together.

plant controller: A control system that manages and commands other devices in the DER system or

DER composite, including the DER units and any supplemental DER devices, as well as collects

measurement and status information of the aggregated DER units and other supplemental DER

devices. The plant controller may function as the DER’s interoperability interface. The plant controller

may also perform any of the IEEE 1547 control functions as designed by the DER operator.

NOTE— Also referred to as system controller or master controller.
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point of common coupling (PCC)*: The point of connection between the where—a-tocal-electrie
power-system(EPS)-is-connected-to-an area EPS and the local EPS.

point of distributed energy resources BR)-connection (point of DER connection-PoC)*: The point

where a DER PR unit is electrically connected in a local an-electrie powersystem{EPS}) and meets the

requirements of IEEE Std 1547 exclusive of any load present in the respective part of the local EPS.

production test: A test conducted by the manufacturer on every unit of equipment prior to

shipment.

reference point of applicability (RPA)*: The location where the interconnection and interoperability

performance requirements specified in IEEE Std 1547 apply.

signal injection test methods: Test methods where signals are injected into the sense terminals of
the equipment under test (EUT). These methods include both primary injection test methods and

secondary injection test methods.

supplemental DER device*: Any equipment that is used to obtain compliance with some or all of

the interconnection requirements of this standard.

NOTE—Examples include capacitor banks, STATCOMs, harmonic filters that are not part of a DER

unit, protection devices, plant controllers, etc.

testing agency: The test and verification authority responsible for performing type tests and

overseeing production testing programs to verify conformance of the DER to the standard.

NOTE—In the U.S., the testing agency may be required to be a Nationally Recognized Testing

Laboratory.

total rated-current distortion (TRD)*: The total root-sum-square of the current distortion
components (including harmonics and inter-harmonics) created by the DER distributed—resourees

PR} unit expressed as eperating-into a percentage linearbalancedload-divided-bythe-greater of the
DER rated testload current demand-H-or-therated-eurrent-capacity-of the PRunitIrated.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 18:50:19 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1547.1-2020


http://www.avadocuments.com/doc/ieee-1547-1-2020
http://www.avadocuments.com/doc/ieee-1547-1-2020

type test*: A Test-of one or more devices manufactured made to a certain design to demonstrate, or

provide information that can be used to verify, that the design meets the requirements specified in

this standard eertainspecifications—Sidesign-test.

3.2 Abbreviations and acronyms

AGIR authority governing interconnection requirements

CSvV comma-separated value

CT current transformer

DER distributed energy resource

DRTS digital real-time simulator

DR distributedresources

EMI electromagnetic interference

EPS electric power system

EUT equipment under test

GFOV  ground fault overvoltage

HIL hardware-in-the-loop

HVRT high-voltage ride-through

I/O input/output
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kVA

interface algorithm

identifier

kilovolt

kilovolt ampere

kvar

kilovolt ampere reactive

LROV

kilowatt

load rejection overvoltage

LVRT

low-voltage ride-through

MRA

minimum required accuracy (per Table 3 of IEEE Std 1547-2018)

MVA

megavolt ampere

NRTL

Nationally Recognized Testing Laboratory

PCC

PDE

. :

point of common coupling

power factor

portable document format

PHIL

power hardware-in-the-loop

PoC

point of [distributed energy resource (DER)] connection

per unit

PUT

OPR

parameter under test

owner’s project requirements
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QF quality factor

RLC resistance, inductance, and capacitance

rms root mean square

ROCOF rate of change of frequency

RPA reference point of applicability

RVC rapid voltage changes

THD total harmonic distortion

TLS transport layer security

TRD total rated-current distortion

Ul unintentional islanding

var volt-ampere reactive

VT voltage transformer or transducer, synonymous with potential transformer or transducer

4. General requirements

4.1 General

Implementation of these test procedures shall be conducted in accordance with appropriate safety

procedures, sequences, and precautions.

This standard identifies procedures for performing the tests and verifications to verify compliance to

the interconnection and interoperability requirements stated in IEEE Std 1547. As described in

Clause 11 of IEEE Std 1547-2018, the requirements are evaluated in different phases of the DER

implementation as follows:
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— One or more samples of the DER type shall first pass applicable type tests (Clause 5) and

interoperability tests (Clause 6); criteria that cannot reasonably be verified through type tests

shall be verified through other means such as DER evaluations and commissioning tests. The

type testing agency® shall report the results as described in 4.5, including any partial

compliance conditions.

— Each DER unit or supplemental DER device shall pass all required production tests applicable to

that device (Clause 7).

— The type testing agency’s results report and manufacturer’s instructions shall be used for any

system design evaluations to determine what additional tests may be required once installed,

per Clause 8. The design evaluation shall seek to provide that all requirements of IEEE Std

1547 that have not been met through type testing will be met by means determined

appropriate in the design evaluation (simulations, calculations, etc.) and/or through installation

evaluations and/or commissioning tests.

— Installation evaluations and commissioning tests shall be performed on-site by qualified

personnel as required by the design evaluation results, manufacturer’s instructions, and

interconnection requirements, per Clause 8.

— DPeriodic tests and verifications shall be performed on-site by qualified personnel as mutually

agreed upon by the area EPS operator and the DER operator per Clause 9.

NOTE—The requirements for design evaluations, installation evaluations, and commissioning tests vary

depending on the reference point of applicability (RPA) for the DER and whether the DER installation

includes supplemental DER devices that were not part of type testing. The procedures provided in

Clause 8 for design evaluations, installation evaluations, and commissioning tests, and the content in

Clause 9 related to periodic tests are intentionally less prescriptive than the type and production tests

to allow for the wide variations among DER installations and area EPS operator procedures.

8In the U.S., the type testing agency may be required to be a Nationally Recognized Testing Laboratory (NRTL), which may provide

certification that the DER has passed the fype tests in this document.
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It shall be permitted to combine multiple tests into one test upon mutual agreement between the

testing agency and the DER manufacturer provided that the combined test fulfills all requirements of

the individual tests. All requirements in this document, including those in 4.7, shall be met by any

combined tests.
4.2 Test result accuracy

The test results shall verify that the equipment under test (EUT) meets the requirements of IEEE Std

1547 within the tolerances defined in this subclause manufacturer’sspecitied-aceuracy.

Unless otherwise specified in the type tests, the DER performance shall be within 150% of the

minimum required measurement accuracy (MRA), as specified in Table 3 of IEEE Std 1547-2018 for

steady-state conditions.? 10 For control functions where the DER regulates an output parameter, Y,

in response to a measured input parameter, X1 the output parameter measured by the test lab,

Ymeas, shall meet Equation (1):

Ymin £ Ymeas < Ymax @

where

Ymin is Y(Xmeas + 1.5 x MRA(X)) — 1.5 x MRA(Y)12

9DER control performance for a given parameter cannot be required to have greater accuracy than the DER can measure. Thus the

DER cannot be required to control an output parameter within 100% of MRA of the expected value, where MRA is specified in

Table 3 of IEEE Std 1547-2018. The “150% of MRA” criteria used in Equation (1) allows for both DER measurement uncertainty

(MRA) and control uncertainty.

10DER should also meet the transient measurement requirements in Table 3 of IEEE Std 1547-2018, but those requirements are not

used to calculate type test criteria.

11These control functions include voltage-reactive power, voltage-active power, active power-reactive power, and frequency droop,

as specified in IEEE Std 1547-2018.

12This equation leverages the fact that for all reasonable implementations of the functions to which this equation applies, the

equation is monotone decreasing.
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Ymax s Y(Xmeas — 1.5 x MRA(X)) + 1.5 x MRA(Y)13

Y(X) is a mathematical function defining the target DER output parameter (active or

reactive power) in terms of the input (voltage, frequency, or active power)

Xmeas is the input parameter as measured by the test lab

MRA(a) is the DER’s minimum required steady-state measurement accuracy of a per Table 3

in IEEE Std 1547-2018, where g is an input or output parameter under test (voltage,

reactive power, active power, or frequency)

An example of the application of Equation (1) is provided in Annex C.

Other methods of verifying the DER meets the criteria for a type test shall be permitted if specified in

the relevant type test subclause.

4.3 Testing environment

The EUT manufacturer shall specify the range of environmental conditions for the EUT. Therefore,
tests shall be conducted in an environment that is within the manufacturer’s specified

environmental operating conditions.

4.4 Product information

The setting of limits and the structure of this standard are based on the understanding that the DER
installer and user are responsible for following the installation recommendations of the DER

manufacturer.

13This equation leverages the fact that for all reasonable implementations of the functions to which this equation applies, the

equation is monotone decreasing.
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The manufacturer shall supply the EUT tester with documentation necessary for the correct

installation into a typical system or process in the intended environment, which may include

installation instructions, user instructions, application notes, EUT manuals, and/or other documents.

A functional description and a definition of specification limits for the acceptance criteria shall be

provided by the manufacturer and noted in the test report.

Any external devices or equipment or special connection requirements recessary-to-conduetthetests

shall be clearly stated (including rationale) in the EUT manufacturer’s instructions wuser

doeumentation. Special requirements can include the amount of network impedance, volt-ampere
voltampere burden of the EUT, the use of shielded or special cables, maximum cable length, and the
use of filters—and—the—correct-bonding—to—functionalearth(grounding). If different devices or
connection requirements apply in different environments, this shall also be stated. A list of auxiliary
equipment (e.g., options or enhancements) that can be added to the EUT and that can impact the
result of EUT tests shall be made available. This information shall also be documented eevered in
the test report to clarify the as-tested arrangement(s). Accuracy and tolerances of device parameters

shall be stated by the EUT manufacturers.

Where the EUT is a DER system as defined in 3.1, the manufacturer’s instructions shall include at

least the following information:

— Required components of the DER system

— Optional components of the DER system

— Maximum allowable impedance or voltage rise between the PCC and the PoC(s) of

individual components of the DER system

— Allowed electrical topologies of the DER system (radial, daisy-chain, etc.)

— Requirements on any transformers within the DER system

— DER system communication components, if any

— Requirements on instrumentation transducers, if any
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— Requirements on use of shielded or special cables, if any

When type-testing a DER system and evaluating its documentation, the test agency shall consider the

impacts of the following on conformance of the DER system to the test criteria under the range of

allowable DER system configurations:

— Voltage rise or drop between the PCC and the PoC(s) of individual components of the DER

system

— Reactive power losses within the DER system

— Communication latency within the DER system

4.5 Test reports

4,5.1 Overview

The test results shall be documented in a summary test report described in 4.5.3 through 4.5.6. The

Within The festing agency or evaluator shall also create a detailed test report, retained by the

manufacturer and festing agency. If the test setup or testing equipment used during testing deviates

from common testing agency methods, the report shall include sufficient information to rerun the test

and reproduce the results. Within the detailed test report, test procedures, as performed, shall be

documented detailed; and engineering considerations, including test modifications and exemptions,

shall be described justittee—When—usedin—eonjunction—with—thisstandard,—the—testreport—shall

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 18:50:19 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1547.1-2020


http://www.avadocuments.com/doc/ieee-1547-1-2020
http://www.avadocuments.com/doc/ieee-1547-1-2020

4.5.2 Purpose

The new requirements contained in IEEE Std 1547-2018 significantly expand the functional

capabilities and complexity of DER to reflect the greater DER impact at higher penetration levels.

Also, at high DER penetration levels, the DERs may need to be designed and operated in manners

similar to that of the conventional units they replace in order to maintain the existing service levels.

Hence, the number of parameters and settings that must be verified in association with the

expanded functionality has also increased substantially. IEEE Std 1547-2018 also includes

requirements for coordination with other utility protective equipment, and that coordination

requires a more detailed knowledge of the performance capabilities of the DER and the existing grid.

As the levels of DER use increase, it becomes increasingly critical for area EPS operators and others to

understand the performance capabilities and limitations of the DER and to use that information

during DER evaluations conducted in association with interconnection studies. The large volume of

data and increased criticality of such data have made it imperative that performance data be

summarized to identify the capabilities that were evaluated and also be presented in a standardized

format. Standardized formats for testing results summaries facilitate exchanges of information

between parties, reduce potential for errors during data exchanges, allow for automated DER

evaluations, and provide traceability of test results back to the testing agencies. The requirements for

the reporting of testing results are contained in this subclause (4.5).

4.5.3 Results reporting

The requirements contained in 4.5 shall apply to reporting of the results collected during the

following types of testing:

— Type testing of representative samples of DER units and DER systems conducted or

supervised by the testing agency.

— DProduction testing of DER units and DER systems conducted at time of manufacture, where

the manufacturing process and production testing is periodically inspected by a testing

agency.
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— Commissioning testing conducted at time of DER installation or at other times during the

DER evaluation process as specified by the area EPS operator or relevant authority governing

interconnection requirements (AGIR).

— Installation evaluations or testing conducted to verify the as-built configuration. Installation

testing does not require any specific reporting. Installation evaluations may be recorded in any

mutually agreeable format that meets the requirements of Clause 8.

— DPeriodic testing results do not require reporting in a standardized format and may be

recorded in any mutually agreeable format that meets the requirements of Clause 9.

The testing agency shall produce a summary report summarizing the results of the type testing that

shall be retained by the EUT manufacturer. The type test summary report shall include the EUT

nameplate information described in Table 28 of IEEE Std 1547-2018 and shall identify all evaluated

functions, including any associated ranges of adjustment within the range of allowable set’cings,14

used to demonstrate compliance with Clause 4 and Clause 5 of this standard. The summary of the

type testing results shall be presented in the file formats defined in 4.5.3 through 4.5.6.

Production testing results shall be provided by the manufacturer upon request. The file shall include

model and serial numbers of the EUTs plus any additional information, recorded at time of

manufacture, using the production testing process approved and monitored by an applicable festing

agency.

Where commissioning testing is conducted, a test report summarizing the results of commissioning

testing and any recommended corrective actions shall be documented and provided to the area EPS

operator. The scope of the testing and reporting shall be in accordance with the requirements of

Clause 8 or as mutually agreed between the area EPS operator and the DER system owner or operator.

The commissioning summary test report shall be issued by an individual or entity qualified to

perform or supervise such tests or field evaluations. The commissioning test summary report shall be

provided in a secured portable document format (PDF) file or anv other format mutually agreeable

between the area EPS operator and the DER system owner or operator.

14‘Where not prohibited by IEEE Std 1547-2018, settings beyond the ranges of allowable settings may also be tested, for example to

demonstrate additional capability.
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Where the DER evaluation or commissioning process requires settings to be applied, the report

documenting the applied settings may be issued by the installer, manufacturer, or other qualified

entities. The verification of applied settings report shall be provided in a secured PDF or comma-

separated value (CSV) file, or any other format, mutually agreeable between the area EPS operator

and the DER system owner or operator. The data structure and naming convention requirements as

outlined in 4.5.5 shall be used in summary reports of settings as applied in the field.

4.5.4 Data formats

Testing results summaries shall be reported using both a secured PDF file for written results and a

CSV file, including a 256-bit Secure Hash Algorithm (SHA-256 hash) checksum value, for tabular

results. The PDF summary file shall be issued by the testing agency, or other applicable testing body,

and shall include reference to the associated tabular CSV format filename(s), SHA-256 hash

checksum value(s). A template of the tabular CSV file is referenced in Annex B. The PDF summary

file shall also include reference to any other files needed to demonstrate compliance with this

standard, such as oscillographic data recorded in accordance with the requirements of subclause

11.4.2 of IEEE Std 1547-2018. The reference to other files shall include the file name and the

checksum associated with each file.

Where oscillographic data is required to document results of testing, the data shall be supplied in

either COMTRADE (IEEE Std C37.111) or PODIF (IEEE Std 1159.3) format, and shall meet the

requirements for sampling rate, accuracy and any pre- or post-event capturing specified for each

test.

4.5.5 Naming convention and data structure

The naming conventions used to identify specific nameplate data in the CSV file shall utilize the

Data Structure and Naming Convention shown in 4.5.5.1 and 4.5.5.2 and in the template referenced

in Annex B. These Naming Convention and Data Structure formats shall be used for each record in

the CSV file.
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4.5.5.1 Naming convention

The naming convention is as follows:

Parameter Name-Data Context-Data Type-Optional Modifier(s), Value, Units, <CR><LF>

Parameter names are composed of the parameter base identifier, optional context qualifiers, optional

type qualifiers, and additional optional modifiers. Parameter names can be composed of uppercase

alpha characters, numbers, underscores, and hyphen. Underscores are used for readability within

single concept portions of the name. Hyphens are used to separate data context, data type, and

modifier sections of the name.

Parameter values can be one or more numbers or text strings. If a parameter value contains more

than one element, the elements are separated by hyphens. Hyphens should not be used in parameter

value text strings.

4.5.5.2 Data structure

Data structure is as follows:

— Parameter Name: as specified in Table 28 of IEEE Std 1547-2018 or naming template in

Annex B

— Data Context:

e TR13 — Technical Range — May be used by EUT manufacturer to indicate the technical

capabilities of the DER unit which may be beyond the evaluated ranges, or

— ER - Evaluated Range — Indicates performance evaluated by the testing entity, or

15The Data Source designators TR, SS, SR, and Other are out of scope of IEEE Std 1547.1 but are included here to illustrate ways in

which the template might be used for standardized information exchange of data commonly used in interconnection processes.
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— SR - Specified Range — May be used by area EPS operator to indicate specified range

different from the ranges of allowable settings of IEEE Std 1547-2018.16

— SS — Specified Settings — May be used to indicate the settings specified by the area EPS

operator or AGIR, or

— AS — Applied Setting — Indicates the setting applied in the DER. Typically reported at

time of commissioning, or following subsequent parameter changes; or

— Other — Undefined, but allowed for future use.

— Data Type:

— MIN — Minimum value in a range of adjustment or evaluated range, or

— MAX - Maximum value in a range of adjustment or evaluated range, or

— Optional Modifier(s): Undefined, but allowed for future use.

— Value:

— The value of the parameter resulting from the type testing, or

— The text string associated with the parameter.

—  Units:

— The abbreviation for the scientific unit associated with the value, as shown in Table 1.

NOTE—Where multiple values or strings are supported, separate with underscores.

— <CR><LF>: Carriage return and line feed. End of record identifier.

16 Ranges different from the ranges of allowable settings of IEEE Std 1547-2018 should not be specified unless exceptional cases

require so. These cases should be reported to the sponsor of this standard for consideration in future revisions of IEEE Std 1547-

2018.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 18:50:19 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1547.1-2020


http://www.avadocuments.com/doc/ieee-1547-1-2020
http://www.avadocuments.com/doc/ieee-1547-1-2020

Table 1— Abbreviations of unit values

Abbreviation Value Abbreviation Value
V.Vpw [Velt (de), Vpu (ac) EVA Apparent power
A Amps (ac or de) Ppu Per umit active power
Hz Frequency Var p.u Per umit reactive power
3 Time in seconds FF Power factor (Injecting or absorbmg)
Text Text string 5 Peeactive susceptance (formerly Mho)
Ohms Fesistance (K) or Feactance (X

Per unit values are based on the corresponding nameplate values of the EUT

New

NOTE—The requirements in this clause are scope constrained to the reporting of results occurring

during type testing of DER units. During the development of this standard, numerous other

stakeholders have expressed interest in creating a standardized format for exchange of DER

parameters for other purposes. Some examples of possible uses would be as follows: specification of

utility requirements documents, local modifications of source requirements, modeling of DER

performance for distribution as well as transmission planning and protection, etc. While such use is

out of scope of this standard, the data structure and Naming Conventions specified previously allow

for such uses via the Data Source and Optional Modifiers fields. Data Source identifiers might

identify a specific utility or regional authority. The optional modifiers identifier might identify sub

requirement based on location, time of use, multiple tariff requirements, etc. While these uses are

out-of-scope, the standard acknowledges the value of standardized data exchange formats and

provides flexibility in data structure/naming conventions to support those uses.

4.5.6 Traceability

The Type Testing Summary Report shall identify the name and address of the testing agency. The

report shall include references to any certificates of compliance or report numbers associated with

DER evaluation. The report shall include the issuance date of the report and the name of the

individual responsible for issuance of the report.
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4.6 Testing equipment requirements

4.6.1 AC test Simulated-area ERS(utility) source requirements

Where testing allows or requires the use of an ac test a—simulated—area—EPS source, the following

requirements shall be met unless stated otherwise in a specific test procedure:

— The ac test simulated-areaEPS source shall be capable of confirming the EUT manufacturer’s

stated performance.

— The voltage harmonics of the ac test simulated-areaEPRS source, as measured with the EUT

connected and operating in steady state at rated power, shall be less than 3.0 25% total

harmonic distortion (THD).

— During the tests, the steady-state ac test veltage-of the simulated-areaEPS source voltage shall

not vary by more than + 1% of thenominal (0.01 p.u. on the nominal voltage base) from the

set voltage.

— During the tests, the steady-state ac test source frequency shall not vary by more than 0.1 Hz

unless required by the test.

— The ac test source used for each test shall have sufficient resolution of voltage and frequency

control to produce the test profiles designated in the respective tests.

— The ac test source used for each test shall be capable of changing voltage and frequency at a

rate that is sufficient to meet the requirements of the respective tests.17

— The ac test source used for each test shall be capable of producing the voltage or frequency

profile required by that test. The testing agency shall confirm through evaluation of the

voltage and frequency profile measured at the EUT’s voltage sense points that the applied

voltage and frequency meet the requirements of the test.

17See annexes and fype tests for additional information on test voltage and frequency profiles.
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— The number of phase and neutral connections provided by the ac test source siralated-area

EPS shall be compatible with the EUT. A multiphase ac test source simlated—area—ERS that
provides a neutral connection shall produce phase-to-neutral voltages that are balanced
within + 3% of nominal and phase displacement to within + 3°. For multiphase ac test sources
simulated-area-EPSs without a neutral connection, the phase-to-phase voltage balance shall

be + 3% of nominal in magnitude. For three-phase ac test sources, the negative sequence

voltage of the ac test source shall be less than 1.5%.

— The ac test source may include a load bank, for example to sink power when a source that

cannot sink power is used, unless otherwise specified in a test.

Where signal injection test methods are used, the injected voltage signal shall meet the requirements of

this subclause, scaled to the level of the injected signal. The test report shall state which tests used

signal injection and briefly state the rational justification for its use.

For the purposes of production and commissioning tests, it might not be feasible to meet all of the

above requirements on the ac test source. In the case of production tests, the manufacturer and testing

agency shall establish acceptable requirements. In the case of commissioning tests, the area EPS operator

and the DER operator or their designated representatives shall establish acceptable requirements.

For tests and EUTs that are within the scope of IEEE Std 4, in the case of any conflicting

requirements, those of IEEE Std 1547.1 shall apply.
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4.6.2 Simulated DER input source requirements

If the testing agency and the DER manufacturer agree that the following two conditions are true, it

shall be permitted to use substitute hardware to emulate the prime mover or DER input energy

source:

— The emulation system adequately captures the dynamics of the real prime mover or input

energy source for all time scales relevant to the test for which it is to be used.18

— Vulnerabilities including DER auxiliary systems that may affect the DER’s ability to perform

the test are properly captured. Auxiliary systems (for example, control power supplies,

pumps, etc.) may be of particular concern in ride-through tests.

4.6.3 Measurement system requirements

Test system measurements Each-measurement-shall have an uncertainty of no more than 0.5 times

the minimum required DER measurement accuracy for steady-state measurements in Table 3 of

IEEE Std 1547-2018 ef-the EUT.

18This statement is not intended to require that photovoltaic inverters be tested with real PV arrays or solar array simulators or that

battery inverters be tested with real batteries or dynamic battery emulators; a dc voltage source may be sufficient. Input source

requirements may depend on the specific test being performed.

6g o additionaling on

7See Footnote b
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The required frequency measurement uncertainty may be achieved by post-processing sampled

waveform data.l9

Measurement equipment shall be capable of confirming the DER meets the test criteria for each test.

Measurement equipment used to confirm manufacturer’s-stated-performance_of an EUT shall have

valid (non-expired) and traceable calibration.20

The sampling rate of the measurement system used for each test shall be at least two times the

frequency of the measured signal (including any harmonics and transients of interest for the test).

Filtering shall not limit the ability of the measurement system to accurately capture the measured

signal.

For tests and EUTs that are within the scope of IEEE Std 4, in the case of any conflicting

requirements, those of IEEE Std 1547.1 shall apply.

Where not specified otherwise in this standard, applicable voltages shall be quantified as the

effective (rms) values over the preceding fundamental frequency period, per IEEE Std 1547.

4.7 Requirements on type test order and selection of DER sample(s)

During type testing, certain groups of tests shown in Table 2 shall be run using the same EUT

sample and with certain restriction on test order as defined in the following list and in Table 2. The

intent of this requirement is to evaluate any impacts of one test on another test in the same group.

— Tests listed within a single cell of Table 2 may be run in any order, but shall be run before

tests in the cell immediately to the right, if any.

19At the time of drafting of the standard, typical measurement equipment often did not meet the frequency measurement

uncertainty requirement. While it is preferable that measurement equipment (or its specifications) be updated to meet the

uncertainty requirement, post-processing of sampled data is allowed to avoid creating a requirement that cannot be met by typical

equipment.

20For example, in the U.S. and some other locations, ISO 17025 is used to provide guidance on calibration criteria.
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— Tests not listed in Table 2 may be run in any order, on any sample.

Running all fype tests on a single sample while accounting for the test order requirements in Table 2

is one way to meet this requirement.

Table 2—Test groups to be run on a single sample

Group Subgroup 1 Subgroup 2
1 3.3 Temperature stability* 3.4.2 Test for overvoltage trip
5.8 Inferconnection mtegrity? 5.4.3 Test for undervoltage trp

5.5.1 Test for nx’er&equa:m trip
5.5.2 Test for underfrequency trip

4 Low-voltage nide-through tests 5.10 Unintentional islanding
7 High-voltage ride-through tests

Test for low-frequency nde-thmugh

Test for high-frequency ride- ﬂJICILIE]l

Test for rate of change of frequency (ROCOE)

[ )
n o n e g

A la Lh LA
n e bad o] e

New

a Temperature stability and interconnection integrity tests may be run on different EUT samples

provided that at least 30% of voltage trip tests and at least 30% of frequency trip tests are run on

each sample.21

All samples used in type testing shall have identical hardware, software, and firmware. The testing

agency shall record and report all EUT serial numbers; hardware model numbers; control board

assembly versions; software version numbers; firmware version numbers; and other identifiers that

distinguish hardware, software, and firmware for the tested samples. Aside from serial numbers, all

other distinguishing identifiers shall be verified as identical by the testing agency.

In the case of a test failure resulting in a modification to the DER, the test agency shall decide

whether to re-run some or all previous tests based on the nature of the modification. This may apply

to tests in the same group within Table 2, tests in a different group, and/or tests not listed in Table 2

21The intent of this requirement is to require that a significant portion of trip tests are run on a sample that has undergone

temperature stability testing and a significant portion are run on a sample that has undergone interconnection integrity testing

without requiring that a single sample undergo both interconnection integrity and temperature testing. A sample used for

temperature testing may be modified to insert temperature sensors, which could compromise its ability to withstand

interconnection integrity tests in some cases.
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4.8 Intentional island-capable DERs and devices

For DERs and devices designed to be capable of operating in an intentional island, the tests shall

cover the extended ranges specified by the manufacturer for intentional island operation. The values

of any extended ranges shall comply with 8.2.7 of IEEE Std 1547-2018. The manufacturer shall

specify which of the DER categories listed in 8.2.8 of IEEE Std 1547-2018 for intentional islands the

device or DER falls into; the device or DER may fall into more than one intentional island category.

The test report shall state the ranges of settings tested.

During transition to and from intentional island operation, the area EPS island shall comply with 8.2.4

through 8.2.6 of IEEE Std 1547-2018.

5. Type tests

5.1 General

Type tests are performed or overseen by a testing agency on one or more en-a-representative unit(s)

and may be conducted in the factory, at a testing laboratory, or on equipment in the field. Unless
otherwise speeified; Equipment under test shall be installed per the manufacturer’s specification and

operated under the conditions specified for each test (or nominal operating conditions_if not

specified).

As stated in IEEE Std 1547-2018, type test results from a DER within a product family of the same

design, including hardware and software (with electrical components proportionally scaled

according to the DER voltage and current ratings), shall be allowed as representative of other DERs

within the same product family with power ratings between 50% to 200% of the tested DER.

Exception: Each member of a product family shall be tested according to 5.17 and 5.18 unless the DER

manufacturer and the testing agency mutually agree that one member of the family is representative

of the entire family for the purposes of maximum sustained fault current, in which case the tests in

5.17 and 5.18 may be performed on only one representative member of the family.
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Where it is not feasible for technical reasons to evaluate the EUT-eannotbe-evaluated using one or

more of the test regimens specified in this standard, alternative test regimens agreed to by the
manufacturer and the testing agency and accomplishing the same measurements with the same
accuracy may be used. When used, the details of such alternative test regimens shall be recorded in

the test report along with an explanation of why the alternative test regimen was used.

Signal injection test methods may be used only when it is explicitly stated that they are allowed in a

given subclause. Injected voltage signals shall meet the requirements of 4.6.1, scaled appropriately o

Several test procedures require the EUT to be operated at different discrete power levels (e.g., 33%,
66%, and 100% of rated power). Adjustments may be made to the EUT to achieve the discrete power
levels, provided that these adjustments do not otherwise affect the performance of the EUT for the

parameter under test (PUT),_unless otherwise specified. Alternatively, to accomplish testing at

discrete power levels, the input source may be power limited to result in the desired EUT output

power levels unless otherwise specified.

IEEE Std 1547 allows for type testing to be performed on complete systems, multifunction relays,
discrete devices, or any combination. If type testing is performed on anything other than a fully
integrated system, some of the component times in Figure A.1 may not be available. In these cases,
production and/or commissioning tests shall be conducted to fully demonstrate the ability of the

complete system to comply with the timing required by IEEE Std 1547. As an alternative, the test

report may show that the sum of individual component timings meets the requirement;—maybe

shewn in such cases, the individual component timings shall be documented in the report as well.

Other requirements also apply when type testing is performed on an EUT that is not a fully

integrated system, as described in Clause 11 of IEEE Std1547-2018 and in Clause 8 of this standard

testreport.
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When the EUT manufacturer requires a transformer installed between the EUT and RPA, several

type tests require that the transformer be included during testing as part of the equipment under test.

When the EUT manufacturer instructions allow more than one transformer configuration, the

relevant tests shall be repeated with each configuration. In such cases, the transformer used in type

testing may have any convenient turns ratio. The impedance (resistance and reactance) and winding

configuration(s) of the transformer used for type testing shall be as listed in the EUT manufacturer’s

specifications.

5.2 Priority of responses

The tests needed to demonstrate compliance with the requirements of 4.7 (Priority of Responses) in

IEEE Std 1547-2018 were duly considered and are included in, and are part of, the tests in 5.4, 5.5,

5.10, 5.13, and 5.16 of this standard.

5.3 Temperature stability

5.3.1 Purpose

This test verifies that the EUT maintains measurement accuracy of parameters as required in Table 3

of IEEE Std 1547-2018 over its specified temperaturerange BT funections-shall-be-tested-to-confirm
that-they-operate-withinthe manufacturer’sstatedaeceuracy-over-thestated-operating temperature

range. Because of the wide variation in DER equipment, it is not possible to specify a single test

procedure that works for all DERs. Therefore, a functional test procedure to verify the EUT’s

measurement accuracy exercise—each—EUTinput-and-eutputfuncton—shall be agreed to by the

manufacturer and the testing agency. The functional test procedure shall confirm EUT operation

within the minimum required measurement manufacturer’s—stated accuracy for magnitude and
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5.3.2 General

Where protective, monitoring, measurement, and control functions can be conveniently separated

from the ICS+theremainder of the DER without impacting the function of the EUT, the remainder of

the DER {ES may be omitted from this test.22 However, the manufacturer shall provide the testing
agency with substantive information to verify that the complete DER performs 1CS—will-perform

acceptably over the manufacturer’s stated elaimed operating temperature range. If only a portion of

the DER is tested, the maximum and minimum temperature tests shall be run at the temperature

that portion would experience when the DER is operating at the maximum and minimum operating

temperatures, respectively.

The measurement accuracy verifications may be conducted with the EUT operating at any

convenient power level.

5.3.3 Procedures Procedure

5.3.3.1 Operational temperature test procedure

The test shall seek to verify Fe-ensure that the equipment has reached the desired temperature by
allowing the equipment—it-should-be—-allowed to stabilize at the specified chamber temperature.

Stabilized temperature is reached after a minimum of 2.5 h hr and when three successive

temperature readings taken at 30 minute s intervals are at or above maximum temperature for

high temperature tests, or at or below minimum temperature for low temperature tests within1-°C.

For the minimum operating temperature point, the equipment shall remain deenergized

deengergized until the stable temperature has been achieved in the test chamber. The test procedure

is as follows:-

22This does not remove the requirement that the measurement accuracy of voltage, frequency, active power, and reactive power be

verified at maximum and minimum operating temperatures.
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a) Select test temperatures per the EUT specification. The EUT shall shewuld be tested at the

and maximum

b) The measurement trip-and-reset parameters to be validated measured over the temperature

range include voltage, active eurrent; power, reactive power, and phase-angle; frequency. In

addition, a clearing—ane time test shall be conducted at the high end of funeHen—as
appropriatefor-the temperature range, and an Enter Service EUT-—TFhe-objective-is-to-confirm

to-eontirm accuracy of time is acceptable ever-the-specified-temperaturerange.

c) Perform the tests and record the data.Perferma minimumset-ofteststhat-will-verifythat

d) At each temperature point selected in step a), repeat each test selected in step b) for a total of

five times.
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