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Abstract: A set of testing procedures that enable verification, quantification of performance, and
comparison of the performance with expected minimum requirements of the different functions of
the microgrid controller are developed in this standard. The functions tested are microgrid controller
functions that are common to the control of all microgrids regardless of topology, configuration, or
jurisdiction. It aims to present metrics for a comparison of the control functions required from both
the microgrid operator and the Distribution System Operator (DSO). This standard is functionality-
driven and focuses on a modular approach to the implementation of the functional requirements.

Keywords: compliance testing, core functions, dispatch, distributed energy resources, distributed
energy storage, distributed generation, electric distribution systems, energy management system,
grid-connected, IEEE 2030.8™, initiating event, interconnection agreement, interconnection
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Important Notices and Disclaimers Concerning IEEE Standards Documents

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

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

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use,
are developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute) develops its standards through a consensus
development process, approved by the American National Standards Institute (“ANSI”), which brings
together volunteers representing varied viewpoints and interests to achieve the final product. 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 [EEE standard is translated, only the English version published by IEEE should be considered the approved
IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall
not be considered to be, or be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, or
educational courses, an individual presenting information on IEEE standards shall make it clear that his or her
views should be considered the personal views of that individual rather than the formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless
of membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and Standards
Coordinating Committees are not able to provide an instant response to comments or questions except in
those cases where the matter has previously been addressed. For the same reason, IEEE does not respond to
interpretation requests. Any person who would like to participate in revisions to an IEEE standard is welcome
to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

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

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the
promotion of engineering practices and methods. By making these documents available for use and adoption
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to photocopy
portions of any individual standard for company or organizational internal use or individual, non-commercial
use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center, Customer
Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions
of any individual standard for educational classroom use can also be obtained through the Copyright Clearance
Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. A current 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.icee.org/ or
contact IEEE at the address listed previously. For more information about the IEEE-SA or IEEE’s standards
development process, visit the IEEE-SA Website at http://standards.ieee.org.

Errata

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

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are
reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility.
Further information may be obtained from the IEEE Standards Association.
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Introduction

| This introduction is not part of IEEE Std 2030.8-2018, IEEE Standard for the Testing of Microgrid Controllers.

The technologies and operational concepts to connect, integrate, and manage microgrids with distribution
systems are being deployed with a variety of control methodologies. To fully realize the benefits of
interconnected microgrids and avoid negative impacts on system reliability, there is a need for a single standard
that specifies the testing requirements for microgrid controllers at the point of interconnection (POI). This
standard provides the testing requirements for microgrid controllers by defining uniform initial conditions,
initiating events, measurement criteria, and requirements relevant to the performance and operation of
microgrid controller and/or the microgrid system being controlled at the point of the interconnection.

The intent of this standard is to define the test initial conditions, initiation events, and testing needed to
characterize and validate the controller operations and functionality of the microgrid controller in a manner
that can be universally adopted. The defined measurements include the real and derived quantities associated
with the tests. The universality relates to the technical requirements of testing while providing a common
information for a wide range of stakeholders, e.g., vendors, utilities, energy service companies, developers,
codes and standards organizations, regulators and legislators, and governing bodies.

This standard establishes the criteria and requirements for testing the microgrid control system (MGCS) at
the POL. It is not designed as a detailed set of step-by-step requirements for testing microgrid controllers
or MGCSs. This standard provides the testing criteria to assess the functional technical requirements that
are universally needed to assure a technically reliable operation of the microgrid at the POI. Any additional
requirements are not to be implemented to the detriment of the functional technical requirements of this
standard.

This standard defines the testing requirements of amicrogrid controller system as defined in [IEEE Std 2030.7™.!

"Information on references can be found in Clause 2.

Documents

8 Document Sharing Hub
Authorized licensed use limited to: Tsinghua UniveRRYSENR-2848 JrFEnANNIRLS §86@FRE07:06 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 2030.8-2018


http://www.avadocuments.com/doc/ieee-2030-8-2018
http://www.avadocuments.com/doc/ieee-2030-8-2018

Contents

Lo OVIVICW ..ttt ettt ettt e et s et et e et e bt e e e b e m e et e em et eh et e ee e e bt e aee s et emteebeems e et e enbeeseenteeneenneenes 10
L oo o OO SRR 10
L2 PUIPOSE .ottt ettt ettt ettt e h et e e bt e e e bt e et e bt e e ekt ea e bt en et bt e n et bt et e ene e bt eneeaeenean 10
1.3 LAIMIEALIONS 1.ttt ettt ettt et ettt sh e et e e e bt s et e bt esee bt es s et e ea e e bt emeeebeeneeebeenteesee et eneeneenean 10

2. NOTIMALIVE TETETEICES ....nviutiniinieiieiieii ettt ettt ettt b bbbt b e bt st e bttt e st ebe e bt ebeebesbeebe b e 11

3. Definitions, acronyms, and abDIeVIAtIONS ..........ccueeiiruiriiirieie ettt ee e eeeaeas 11
T B D 1< 311 113 10 4 TSSOSO PRSPPI 11
3.2 Acronyms and aDDIEVIAtIONS .........couiiieiiiiieiieiiett ettt sttt ettt ettt et e e ebeseeenaeeneas 12

4. Microgrid control system core fUNCHION tESTINE .......ccvervierierieiieieeii ettt eee e eee et beeeeenseeneeneeens 12
4.1 CONEXL ANA PUIPOSE ...vvenvreveeeieneietieteettesteetesteestesteestesseesseeseesseeseesseessesseessesseensesssensesssensenssensenssenseenes 12
4.2 Core functions testing—general CONSIACTAIONS ..........cvervieieriieieniieiese et eie st ere e eeeenseeneesseens 13
4.3 Development of test scenarios—general CONSIAETaAtiONS ...........ccvevviereeriierierierieeieieeeesie e enes 13

5. Functional testing requirements of the core funCtions ..........cccooieriiieriiienceeeeee e 14
5.1 General teSting CONAILIONS .....couiitiiiiiiieiiitiete ettt ettt et e e st et e seeeaeseeenaeeneas 14
5.2 Conceptual flowchart 0f teSt PrOCEAUIE .......cc.eeiiiiiiiiiiee e e 14

6. DiSpatCh fUNCHON LESTINZ.....veeiiiiieieeiieieeiecteet ettt sttt sb et e st e teenaesseesseeseenseeseensesneensennees 15
6.1 DiSPatCh fUNCHION tESES ...eovvivieuieiiieieeieieete ettt et et et eaeste e se st esseesaesteessesseensesseensesseensessnesennees 15

7. Transition/dispatch fUNCHONS TESTINZ....c..eeureiiriieiiieieee ettt et 16
7.1 Transition fUNCHON TESTINEZ ... .eeviitieiiiiieie ettt ettt ettt ettt et e st et e e eneeseeenaeeneas 16

8. IMIBLTICS ettt ettt h e bbbt bbb bbbttt et ea bt eb e bbbt et bes 19
8.1 General CONSIACTALIONS ......eouertirtititetetet ettt ettt sttt ettt ettt ebtebe bt bt bt bbb e 19
8.2 Steady-state and transient voltage and frequency reqUIremMents ............ccceeveevereeriereesieseerieseeseenenns 19
8.3 Metrics for real and reactive POWET TESPOISES ... .eeuverveererrrererieereeseeseeseesseeseesseessesseessesseessesseessessaens 20

9. Compliance teStING PIOCEAUIE .......cuiitietiriietietieteee ettt ettt ettt et es et et et e st e ebe et e sseenaesseeneeeneas 21

Annex A (informative) Microgrid and microgrid control system features............ccoceveverierieieieiinicnencncnns 22

Annex B (informative) Description and characterization of core functions ............cceeceveerenieneeenieenene 24

Annex C (normative) Field data COLLECION. ..........ccviiieiiiiieieciieieetec e b e eee e 26

Annex D (informative) Laboratory data COLECtION .........cc.coueiiiiiiiiiiiiinincnecereetceeee et 28

Annex E (informative) Defining operating requirements and ranges ............cceevevvereerreseenreeeenreeeesseesesneenns 29

Annex F (informative) Compliance considerations............c.uecueieieirirerinenenenenenteneeeereeeieeeee e e 30

Annex G (informative) Test environment—available platforms ............cccocoevevieviiiiiiiiicceeeee 31

Annex H (informative) General testing CONSIAETAtIONS ......c..eviuieuiririririinienienenteterteeet ettt 37

Annex I (informative) BiblIOGIapRY ........cooiiiiiiiiii et 39

Documents
9 Document Sharing Hub

Authorized licensed use limited to: Tsinghua UniveRRYSENR-2848 JrFEnANNIRLS §86@FRE07:06 UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 2030.8-2018


http://www.avadocuments.com/doc/ieee-2030-8-2018
http://www.avadocuments.com/doc/ieee-2030-8-2018

IEEE Standard for the Testing
of Microgrid Controllers

1. Overview
1.1 Scope

A key element of microgrid operation is the microgrid controller and more specifically the energy
management system. It includes the control functions that define the microgrid as a system that can manage
itself, and operate autonomously or grid-connected, and seamlessly connect to and disconnect from the main
distribution grid for the exchange of power and the supply of ancillary services, including to the distribution
system to which it is connected. It is recognized that microgrid components and operational solutions exist
in different configurations with different implementations. The scope of this standard is to develop a set of
testing procedures allowing the verification, the quantification of the performance, and a comparison of the
performance with expected minimum requirements of the different functions of the microgrid controller that
are common to the control of all microgrids, regardless of topology, configuration, or jurisdiction. It aims to
present metrics for a comparison of the control functions required from both the microgrid operator and the
Distribution System Operator (DSO). A set of testing and performance metrics is developed.

1.2 Purpose

The reason for establishing a standard for testing microgrid controllers, in the context of enabling
interoperability of the different controllers and components needed to operate the controller through cohesive
and platform-independent interfaces, is to establish standardized testing procedures. This approach should
allow for flexibility and customization of components and control algorithms to be deployed without
sacrificing “plug-and-play” or limiting potential functionality, while helping to ensure minimum requirements
are met and establishing comparative performance indices. The standardization focuses on testing functional
requirements, while recognizing that there are many possible hardware and software implementations of the
same microgrid controller generic functions. The interoperability with various Distributed Energy Resources
(DER) interfaces and other electrical system interfaces within the microgrid is be considered. A standardized
set of testing procedures should facilitate the wide adoption of standard microgrid controller functional
and performance requirements by vendors and utilities, including the DSO, for ease of interfacing with the
Distribution Management System (DMS). The standard is functionality-driven and focuses on a modular
approach to the implementation of the functional requirements.

1.3 Limitations

This standard does not address any design, planning, or operation related topics such as protection
coordination, DER control schemes within the microgrid, nature and capabilities of the DERs, or classification
of loads. The standard only addresses testing of the functional requirements applicable to all microgrid control
systems (MGCSs), regardless of configuration. The testing requirements in this standard are functional and

Documents

10 Document Sharing Hub
Authorized licensed use limited to: Tsinghua UniveRRYSENR-2848 JrFEnANNIRLS §86@FRE07:06 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 2030.8-2018


http://www.avadocuments.com/doc/ieee-2030-8-2018
http://www.avadocuments.com/doc/ieee-2030-8-2018

IEEE Std 2030.8-2018
|EEE Standard for the Testing of Microgrid Controllers

do not assume any particular equipment or equipment type nor a specific microgrid hardware or software
implementation. Limitations include the following:

— This standard does not define the individual or aggregate capacity of loads or generation installed
in the microgrid. It does not specify voltage levels at the point of connection of the microgrid to the
distribution grid nor within the microgrid.

— This standard does not prescribe protection schemes deployed within the microgrid, including
protection functions of individual components and assets, nor the protection coordination that may be
required with the distribution grid protection schemes.

— This standard does not address planning, designing, and operation of the microgrid. This is covered in
IEEE Std 1547.4™ [B14].2

— This standard does not address issues related to the power exchanges between the microgrid and the
distribution network at the point of interconnection (POI).

— This standard does not address communication systems and the hardware, software, and protocols
associated with the implementation of these systems.

— The requirements of this standard apply to a microgrid that has a single POI with the distribution grid.
It does not consider microgrid-to-microgrid use cases.

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.

IEEE Std 2030.7™, [EEE Standard for the Specification of Microgrid Controllers.>*

3. Definitions, acronyms, and abbreviations
3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The /EEE Standards Dictionary
Online should be consulted for terms not defined in this clause.’

distributed energy resources (DER): Sources and groups of sources of electric power that are not directly
connected to the bulk power system; they include both generators and energy storage technologies capable of
exporting power.

distribution management system (DMS): A collection of software applications designed to monitor and
control the distribution network in a predefined manner.

initiating event: A condition that triggers the sequence of actions of a microgrid control system (MGCS) for
dispatch and/or transition core function operation.

*The numbers in brackets correspond to those of the bibliography in Annex I.

SIEEE publications are available from the Institute of Electrical and Electronics Engineers (http://standards.ieee.org).

“The IEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electronics Engineers,
Incorporated.

SIEEE Standards Dictionary Online is available at: http://dictionary.ieee.org.
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NOTE—An abnormal operation or parameter, dispatch command or request, setpoint change, trip of distributed energy
resources (DERs) or loads, or power system disturbance are examples of trigger conditions.®

microgrid: A group of interconnected loads and distributed energy resources with clearly defined electrical
boundaries that acts as a single controllable entity with respect to the grid and can connect and disconnect from
the grid to enable it to operate in both grid-connected or islanded modes.

microgrid control system (MGCS): A system that includes the control functions that define the microgrid
as a system that can manage itself, operate autonomously or grid-connected, and seamlessly connect to and
disconnect from the main distribution grid for the exchange of power and the supply of ancillary services.

NOTE—It includes the functions of the Microgrid Energy Management System (MEMS). It is the microgrid controller if
implemented in the form of a centralized system.

point of interconnection (POI): The electrical point at which the microgrid connects or disconnects from the
larger distribution grid.

seamless transition: The connection and disconnection of a microgrid to and from the larger grid
accomplished without voltage and frequency transients that exceed the specifications of the microgrid design

and the interconnection requirements.

test procedure: A generic approach used to specify the conditions under which core functions are to be tested
and establish scenarios to which metrics can be applied.

3.2 Acronyms and abbreviations

C-HIL controller hardware-in-the-loop
DER Distributed Energy Resources
DMS Distribution Management System
DSO Distribution System Operator
FAT factory acceptance testing

MGCS microgrid control system

P-HIL power hardware-in-the-loop

POI point of interconnection

SS steady state

4. Microgrid control system core function testing
4.1 Context and purpose

The context of an MGCS is provided in IEEE Std 2030.7. This standard adheres to the same context statements.
It is recognized that there are different approaches to the implementation of an MGCS. The more common is a
centralized controller that dispatches to all assets and control elements. The decentralized approach has been
implemented by vendors. To acknowledge this reality, this standard uses the term microgrid control system
rather than microgrid controller (see Annex A).

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