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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INTERCONNECTING DISTRIBUTED RESOURCES
WITH ELECTRIC POWER SYSTEMS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compriJing
all national electrotechnical committees (IEC National Committees). The object of IEC is to. promote
international co-operation on all questions concerning standardization in the electrical electronig\fields.| To
this end and in addition to other activities, IEC publishes International Standards Specificatidns,
Technical Reports, Publicly Available Specifications (PAS) and Guides (he “|IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IE pittee interested

-
~

in the subject dealt with may participate in this preparatory work. Internti on-
governmental organizations liaising with the IEC also participate in this p s clogely
with the International Organization for Standardization (ISO) in accord by
agreement between the two organizations.

2) |The formal decisions or agreements of IEC on technical matters expfess,™s nal
consensus of opinion on the relevant subjects since each teghnjcakcomryiite all
interested IEC National Committees

3) |IEC Publications have the form of recommendations for infernati S ccepted by IEC Natidnal
Committees in that sense. While all reasonable effortsaxe\mage € e technical content of |[EC
Publications is accurate, IEC cannot be he ible i ich they are used or for @any
misinterpretation by any end user.

4) |In order to promote international uniformit { i indertake to apply IEC Publicatipns
transparently to the maximum extent possipla in tkei i egional publications. Any divergepce
between any IEC Publication and the corre } S i in

the latter.

5) |IEC itself does not prowde S nity
assessment services and, S 2 ity. i i any
services carried out by i epe ent ertifj

6) |Attention is drawn to thle po of
patent rights. IE@I

A PAS is a techniCg de

avai

IEC jcs

En for

ele

Itip

The text of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the

committee concerned as indicated in
the following document:

Draft PAS Report on voting
8/1296/PAS 8/1299/RVD

Following publication of this PAS the technical committee or subcommittee concerned may
transform it into an International Standard.

This PAS shall remain valid for an initial maximum period of 3 years starting from the
publication date. The validity may be extended for a single period up to a maximum of
3 years, at the end of which it shall be published as another type of normative document, or
shall be withdrawn.

Copyright © 2003 IEEE. All rights reserved. |
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IEEE Std 1547™-2003

istributed Resources with Electric
Power Systems

Sponsor
Standards Coordinating Committee 21
(Fuel Cells, Photovoltaics, Dispersed Generatio

Approved 12 June 2003 IEEE-
SA Standards Board

s I%erg y Storage)
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Abstract: This standard is the first in the 1547 series of interconnection standards and is a
benchmark milestone demonstrating the open consensus process for standards development.
Traditionally, utility electric power systems (EPS--grid or utility grid) were not designed to
accommodate active generation and storage at the distribution level. As a result, there are major
issues and obstacles to an orderly transition to using and integrating distributed power
resources with the grid. The lack of uniform national interconnection standards and tests for
interconnection operation and certification, as well as the lack of uniform national building,
electrical, and safety codes, are understood. IEEE Std 1547 and its development demonstrate a
model for ongoing success in establishing additional interconnection agreements, rules, and standards,
on a national, regional, and state level. IEEE Std 1547 has the potential to be used in federal legislation

an rnln mollunn anr’l state n||h||r\ ||+|||+|ac commission /Dllf‘\ Haluharohr\ne and l'\\l over—3 00
Rl =) Ll

T rooToTT A ana-

utifities in formulating technical requirements for mterconnectlon agreements for distributed
geperators powering the electric grid.

Th(s standard focuses on the technical specifications for, and testing of,
prqvides requirements relevant to the performance, operation, testing
mdintenance of the interconnection. It includes general requirements
conditions, power quality, islanding, and test specifications <and

prdduction, installation evaluation, commissioning, and periodi s
unjversally needed for interconnection of distributed resou

mdgchines, gufficient for m

insfallations. The criteria and requirements are applicable L ogies, [IEC IN SOME
CQUNTRIES CLAUSE: with aggregate capacity of 10 it of common coupling],
interconnected to electric power systems r sesgndary distribution voltages.
Ingtallation of DR on radial primary and ¢ s is the main emphasis| of
this document, although installation of DR i ary network distribution systems
is ¢gonsidered. [IEC IN SOME COUNTRIE SE? i d is written considering that {he

DR is a 60 Hz source].

Kelywords: certification; codés; RiSSIONI j ; ign, field, i ion, i $ts;
communications; diesel gen s; distri ion, ; ; ic distri on
systems; dispersed ge 2 , rs;
grigd; harmonics; IEEE; industion n nessi T i i ificatigns;

ty;
ng
us

islgnding; microt
phptovoltaic po
cogrdination; regulatie
m4gchines; testin i

ing ener systems.

Copyright © 2003 IEEE. All rights reserved.
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IEEE INTRODUCTION

(This introduction is not part of IEEE Std 1547-2003, IEEE Standard for Interconnecting Distributed
Resources with Electric Power Systems.)

IEEE Std 1547-2003 is the first of a series of standards being developed by Standards
Coordinating Committee 21 on Fuel Cells, Photovoltaics, Dispersed Generation, and
Energy Storage (SCC21) concerning distributed resources interconnection. The titles of
the additional documents in that series follow.

— IFFE P1547 1™ Draft Standard For Conformance Test Procedures for Equipment
Interconnecting Distributed Resources with Electric Power Systems

— [IEEE P1 547.2™ Draft Application Guide for IEEE Std 1547-2003,
Interconnecting Distributed Resources with Electric Power Syste

Standard for

Thjis first publication of IEEE Std 1547-2003 is an outg owt ges in the
enyironment for production and delivery of electri i [
re¢ommended practices and grmdelmes developed by ST
CLAUSE: e.g., IEEE Std 929™-2000, IEEE Recom ended
Photovoltaic (PV) Systems], ati
Stprage and Generation (e.g.,
Stprage and Generation Facilities wit

forMdtility Interface| of
se 23 on Disperzed

Traditionally, utility electric power sys . designed to accommodate
acfive generation and storage at the distributi el. The technologies and operatio?al
cophcepts to properly integrate d|str| R) into the existing EPS continue
to [be further developed to onefi 6 avoid negative impacts on systém

reljability and safety.

document of consensus standard technigal
than having to conform to numerous lo¢al
addresses that critical need by providing unifoym
0 the performance operation, testing, safety

Thiere is a critical n
refwrements fo R
practices and g

criferia and requi
copsiderations, a

Thie intent of thi o define the technical requirements in a manner that can |be
unjversally . e ersality relates not only to the technical aspects, but also|to
the adoptio thig standard as being pertinent across a number of industries and

ingtitutions;

stgndards organjzatio s regulators and legislators, and other interested entities.

This standard focuses on the technical specifications for, and testing of, the
intereonnection itself, and not on the types of the DR technologies. This standard aims|to
be| technology neutral, although cognizant that the technical attributes of DR and
types of EPSs do have a bearing on the interconnection requirements. The addition of DR
to an EPS will change the system and its response in some manner. Although this
standard establishes criteria and requirements for interconnection, this standard is not a
design handbook nor is it an application guideline. This standard provides the minimum
functional technical requirements that are universally needed to help assure a technically
sound interconnection. Any additional local requirements should not be implemented to
the detriment of the functional technical requirements of this standard.

It is beyond the scope of this standard to address the methods used for performing EPS
impact studies, mitigating limitations of the Area EPS, or for addressing the business or
tariff issues associated with interconnection.

Copyright © 2003 IEEE. All rights reserved.
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INTERCONNECTING DISTRIBUTED RESOURCES
WITH ELECTRIC POWER SYSTEMS

1 Overview

This standard provides interconnection technical specifications and requirements, and test

required to be used in conjunction with this standard.

1.1 Scope

Thiis standard establishes criteria and requirements for in G stribufed
resources (DR) with electric power systems (EPS).

1.4 Purpose

Thiis standard provides a uniform standard for iptercQnnecgtion distributed resourges
with electric power systems. i ! to the performancge,
opgration, testing, safety consideratig o, interconnection.

Thle requirements shall be met at the oupling (PCC), although the
dejices used to meet these require i ard
applies to interconnection based on t e i i ithin
the Local EPS. The funcfians of i at
affect the Area EPS are<tequire \ s 4 i i he
EHS.

Thie stated spegifisatit
nepded for intersgmng

or [power inverters/e

glly
S,

1.3 Limitat

Thie critepi N i i i istri ce
te¢hnolggi VA
orfless a interconnected to EPSs at typical primary and/or secondary

digtribution volages Installation of DR on radial primary and secondary distribution
systems is-the main€mphasis of this standard, although installation of DR on primary and
sefondary.“hetwork distribution systems is considered. [IEC IN SOME COUNTRIES
CUAUSE:? This standard is written considering that the DR is a 60 Hz source].

Tk:n <
- o O

that may be interconnected to a single PCC or connected to a given feeder.

D

Hon

o el $+ Adofio +h DR £ v ar $
arfyuanryu UUUO IIUI. UUIIIIU uare IIIGI\IIIIUIII |~ A Y \JQ'JQ\JII._Y IUI G PGILI\JUIGI IIIQL

— This standard does not prescribe DR self-protection or all operating requirements for
DR units.

— This standard does not address planning, designing, operating, or maintaining the
Area EPS.

— This standard does not apply to automatic transfer schemes in which load is
transferred between the DR and the EPS in a momentary make-before-break

1 Additional technical requirements and/or tests may be necessary for some limited situations.

Copyright © 2003 IEEE. All rights reserved.
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operation provided the duration of paralleling the sources is less than 100 ms, except

as noted in 4.1.4.
2 References

[IEC IN SOME COUNTRIES CLAUSE: The following standards shall be used

in

conjunction with this standard. When the stated version of the following standards is

superseded by an approved revision, then that revision shall apply.

The—appheabiity—efthe—following—standards—is—determined—-by—the—spescific—reguirerments
stgted in this standard, such as requiring certain sections.

ANSI C84.1-1995, Electric Power Systems and Equipment —Voltage Ra 60°Hz).2
IEEE Std €37.90.1™-2002, IEEE Standard Surge Withstand C&§ gsts for
Rdlays and Relay Systems Associated with Electric Power Appa

IEEE Std C37.90.2™-1995, |IEEE Standard Withstand/Ca Relay Systems|to
Rddiated Electromagnetic Interference from Transceiv

IEEE Std C62.41.2"™-2002, IEEE Recommended(Prdctice-0q° Charatterization of Surdes
in Low Voltage (1000 V and less) AC Power Cj

IEEE Std C62.45™-2002, IEEE Recommenqdse Surge Testing for Equipmeént
Cdnnected to Low-Voltage (1000 V ang ) cuits

NEMA MG 1-1998, Motors

3 | Definitions and

For purposes o@ g terms and definitions apply. [IEC IN SOME
COUNTRIES CL The Authoritative Dictionary of IEEE Standafds
Tefms, Seventh it COUNTRIES CLAUSE: B4],6 should be referended

forl terms not de

3.1 Defini

3.1.1
arIa electricyp
the entity respon

ystem operator (Area EPS Operator)
ble’for designing, building, operating, and maintaining the Area EPS

3.1.2
cepse to energize

cessation or energy outiiow capabllity

2 ANSI publications are available from the Sales Department, American National Standards Institute, 25

West 43rd Street, 4th Floor, New York, NY 10036, USA (http://www.ansi.org/).

3 The IEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of

Electrical and Electronics Engineers, Incorporated.

4 |EEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes

Lane, P.O. Box 1331, Piscataway, NJ 08855-133 1, USA (http://standards.ieee.org/).

5 NEMA publications are available from Global Engineering Documents, 15 Inverness Way East,

Englewood, Colorado 80112, USA (http://global.ihs.com/).

6 The numbers in brackets correspond to those of the bibliography in Annex A.

Copyright © 2003 IEEE. All rights reserved.



https://iecnorm.com/api/?name=81b8372f127f63e119c0fc0be5a4f2a3

-10 - IEC/IEEE/PAS 63547:2011(E)

3.1.3

design test

test of one or more devices made to a certain design to show that the design meets
certain specifications

3.1.4
distributed generation (DG)
electric generation facilities connected to an Area EPS through a PCC; a subset of DR

3.1.5

distributed resources (DR)
sojrces of electric power that are not directly connected to a bulk power transniission
system. DR includes both generators and energy storage technologies

NQTE See Figure 1 and Figure 2.

Area Electric Power System (Area EPS)

Point of
Commuon
Coupling
(PCC)

R
xcc

Point of DR
Conneetion

r'e

, DR unit Load

Rigure 1 — Relationship of interconnection terms

3.1.6
elgctric power system (EPS)
fagilities that deliver electric power to a load

NOTE This may include generation units. See Figure 1.

3.1.6.1
electric power system, area (Area EPS)
an EPS that serves Local EPSs

NOTE Typically, an Area EPS has primary access to public rights-of-way, priority crossing of property
boundaries, etc., and is subject to regulatory oversight. See Figure 1.

3.1.6.2
electric power system, local (Local EPS)
an EPS contained entirely within a single premises or group of premises

Copyright © 2003 IEEE. All rights reserved.
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NOTE See Figure 1.

3.1.7
interconnection
the result of the process of adding a DR unit to an Area EPS

NOTE See Figure 2.
= ————

Interconneciion System

DR unit | | AreaEPS

3.1.8
inferconnection equipment
Individual or multiple devices used in an interconne

3.1.9

inferconnection system
the collection of all interconnection ®
interconnect a DR unit(s) to an Area EF

NJTE See Figure 2.

3.1.10

inyerter
a machine, devige,
power

, taken as a group, used

3.1.11
island
a ¢ondition i n Area EPS is energized solely by one or more Lo
EHRSs throug 1 S 5 PCCs while that portion of the Area EPS is electrice

separated ast of the"Area EPS

3.1.11.1
island, intentiona
a plannedlisland.

3.1.11.2

to

ges direct-current power to alternating-current

cal
Iy

island—unintentional
an unplanned island.

3.1.12
non-islanding
intended to prevent the continued existence of an island

3.1.13

point of common coupling

PCC

the point where a Local EPS is connected to an Area EPS

NOTE See Figure 1.

Copyright © 2003 IEEE. All rights reserved.
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3.1.14
point of distributed resources connection (point of DR connection)
the point where a DR unit is electrically connected in an EPS

NOTE See Figure 1.

3.1.15

simulated utility

an assembly of variable frequency and variable voltage test equipment used to simulate a
normal utility source

3.1.16

total demand distortion
TOD

the total root-sum-square harmonic current distortion, in percent of a m demalnd
logd current (15 or 30 minute demand)

3.1.17

total rated-current distortion

TRD

the total root-sum-square of the current harmonics operating intﬂ) a
lingar balanced load divided by the greater of the test los ; demand (IL) or the

rafled current capacity of the DR unit (lrated)

3.2 Acronyms

Area EPS  Area electric power syste
DG distributed generation

DR

4 | Interconnestion technical specifications and requirements

Thle re€quirements in this clause shall be met at the PCC, although the devices used|to
meget{these requirements can be located elsewhere. The requirements apply |to
int . ) . ) . . . its
within a single Local EPS, based on the aggregate rating of all the DR units that are
within the Local EPS. The functions of the interconnection system hardware and software
that affect the Area EPS are required to meet this standard regardless of their location on
the EPS.

The requirements in this clause are functional and do not specify any particular
equipment or equipment type.

Copyright © 2003 IEEE. All rights reserved.
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The stated technical specifications and requirements are universally needed for
interconnection of DR, including synchronous machines, induction machines, or static
power inverters/converters, and will be sufficient for most installations.?

4.1 General requirements
411 Voltage regulation

[IEC IN SOME COUNTRIES CLAUSE: The DR shall not actively regulate the voltage at
the PCC]. [IEC IN SOME COUNTRIES CLAUSE: The DR shall not cause the Area EPS

sepHee valtaae—at othor l aeceal EDRPSc ta an avtoida tha raniiiramante ~f ANQIL 04 14 10 5
VICC—V Ot gttt Ot CcT— O CoT—T—T oot o outroragC—m e c o CTm T to O v yoT— oo T 5

Range A.]

4.1.2 Integration with Area EPS grounding

Thle grounding scheme of the DR interconnection shall not . at
exfeed the rating of the equipment connected to the Area EPS g 9 vot \disy he
coprdination of the ground fault protection on the Area EPS.

4.1.3 Synchronization

[[HC IN SOME COUNTRIES CLAUSE: The DR /uni ~ 2 with the Area EPS
without causing a voltage fluctuation at the PC B % of the prevailing
voltage level of the Area EPS at the PCC, an e quirements of 4.3.2.]

4.1.4 b S grid and spot networks
4.1.41

Thijis topic is under considera

4.1.4.2
Ndtwork protec 3 parate, switch, serve as breaker failure backup
orlin any mann gla - kor metwork primary feeder to which DR is connected

from the remainde
applicable standg

S, unless the protectors are rated and tested per
lication.®

Any DR inst i to a spot network shall not cause operation or prevent
reg¢losin protectors installed on the spot network. This coordination shall
bel acconmyplishe Rout requiring any changes to prevailing network protector clearing
time practices.gf the\Area EPS.

Cdnnection‘of the DR to the Area EPS is only permitted if the Area EPS network bus| is
already energized by more than 50 % of the installed network protectors.

The DR oufput shall not cause any cycling of network protectors.

The network equipment loading and fault interrupting capacity shall not be exceeded with
the addition of DR.

7 Additional technical requirements may be necessary for some limited situations.

8 When required by the authority who has jurisdiction over the DR interconnection, a study may be
conducted to determine that all of the requirements of this subclause can be met when the aggregate
DR installed on a spot network exceeds 5 % of the spot network’s maximum load.

9 |EEE C37.108™-2002 [IEC IN SOME COUNTRIES CLAUSE: B8] and IEEE C57.12.44™-2000 [IEC IN
SOME COUNTRIES CLAUSE: B9] provide guidance on the capabilities of network systems to accept
distributed resources.

Copyright © 2003 IEEE. All rights reserved.
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DR installations on a spot network, using an automatic transfer scheme in which load is
transferred between the DR and the EPS in a momentary make-before-break operation, shall
meet all the requirements of this clause regardless of the duration of paralleling.

4.1.5 Inadvertent energization of the Area EPS

The DR shall not energize the Area EPS when the Area EPS is de-energized.

4.1.6 Monitoring provisions

Ealch DR unit of 250 kVA or more or DR aggregate of 250 kVA or more at a single PCC.sHall
haye provisions for monitoring its connection status, real power output, re 8 _power-output,
anfl voltage at the point of DR connection.

4.1.7 Isolation device

When required by the Area EPS operating practices, a readi able, visible-

: stém shall have the capability
to | withstand electromagnetic Wi ents in accordance with
IEEE Std C37.90.2-1995]. The influenge~of E not result in a change in state|or

4.1.8.2
[l A ES N efconnection system shall have the capability
to |withstand vol g s iny»accordance with the environments defined|in

4.2

Abjnormal eenditio an arise on the Area EPS that require a response from the connecied
DR. Thisresponse contributes to the safety of utility maintenance personnel and the general
puplic,(as well as the avoidance of damage to connected equipment, including the DR. |All
voltdge and frequency parameters specified in these subclauses shall be met at the PQC,

4l H 'y 'y pu |
unressotherwise Statea:

4.2.1 Area EPS faults

The DR unit shall cease to energize the Area EPS for faults on the Area EPS circuit to
which it is connected.

10 The isolation of a portion of the Area EPS, presenting the potential for an unintended DR island, is a
special concern and is addressed in 4.4.1.
Setting adjustments may only be made as approved by the authority who has jurisdiction over the DR
interconnection.
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4.2.2 Area EPS reclosing coordination

The DR shall cease to energize the Area EPS circuit to which it is connected prior to
reclosure by the Area EPS.

4.2.3 Voltage

The protection functions of the interconnection system shall detect the effective (rms) or
fundamental frequency value of each phase-to-phase voltage, except where the
transformer connecting the Local EPS to the Area EPS is a grounded wye-wye

. ; ; . . A ) d.

CORpHagHHaHEeR S R-gt+e—P e Sam R-e—PH o—e < orta-g€e D-e—Gete

When any voltage is in a range given in Table 1, the DR shall cease to energize the Anea

EHS within the clearing time as indicated. Clearing time is the time bgtween thecstart|of

the abnormal condition and the DR ceasing to energize the Area EP an

orlequal to 30 kW in peak capacity, the voltage set points and ¢feari M be

either fixed or field adjustable. For DR greater than 30 kW, the vgltag o i be

fie]d adjustable.

Thie voltages shall be detected at either the PCC or the painiof DR i ny

of the following conditions exist:

a)| The aggregate capacity of DR systems conng or
equal to 30 kW,

b)| The interconnection equipment is gertifiedto pass/a @-n—is anding test for the systém
to which it is to be connected,

c) | The aggregate DR capacity is less\thamb 2 Local EPS minimum anntal

integrated electrical demand for a/15 minute time period, and export of real or reactjve

Table 1 — Intéxco ctio

N
(X%%(i;{g\:}r\zﬁ%x Clearing time(s)®
(OO

0.16

2.00
1.00
0.16
a CONNTRIES CLAUSE: Base voltages are the nominal system voltages stated| in

DR < 30kW, maximum clearing times; DR > 30kW, default clearing times.

4.2.4 Frequency

When the system frequency is in a range given in Table 2, the DR shall cease to energize the
Area EPS within the clearing time as indicated. Clearing time is the time between the start of
the abnormal condition and the DR ceasing to energize the Area EPS. For DR less than or
equal to 30 kW in peak capacity, the frequency set points and clearing times shall be either
fixed or field adjustable. For DR greater than 30 kW, the frequency set points shall be field
adjustable.

Adjustable under-frequency trip settings shall be coordinated with Area EPS operations.
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[IEC IN SOME COUNTRIES CLAUSE:
Table 2 — Interconnection system response to abnormal frequencies]

DR size Frequency range (Hz) Clearing time(s)®

> 60.5 0.16
< 30 kW

<59.3 0.16
> 30 kW > 60.5 0.16

< {59.8 — 57.0} Adjustable 0.16 to 300
(adjustable set point)
<57.0

DR = 30 kW, maximum clearing times; DR > 30 kW, default clearing time

4.2.5 Loss of synchronism

Lops of synchronism protection is not required except as

4.2.6 Reconnection to Area EPS

on
11,

[1E
sh ,
[IEC IN SOME COUNTRIES CLAUSE;

Th
mi
voltage and frequency arg

ve

4.3 Power quality

4.3.1 Limita

Th
ful

4.3.

Th

4.3.

When the"DR is serving balanced linear loads, harmonic current injection into the Arnea
EI{S at-the PCC shall not exceed the limits stated below in Table 3. The harmonic current
injections shall be exclusive of any harmonic currents due to harmonic voltage distortion prestnt
in the Area EPS without the DR connected.

11 Flicker is considered objectionable when it either causes a modulation of the light level of lamps
sufficient to be irritating to humans, or causes equipment misoperation. For guidance, refer to IEEE
Std 519™-1992 [IEC IN SOME COUNTRIES CLAUSE: B5], IEEE P1453™ [IEC IN SOME
COUNTRIES CLAUSE: B10], IEC/TR3 61000-3-7 [IEC IN SOME COUNTRIES CLAUSE: B1], IEC
61000-4-15 [IEC IN SOME COUNTRIES CLAUSE: BZ2], IEC 61400-21 [IEC IN SOME COUNTRIES
CLAUSE: B3].
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[IEC IN SOME COUNTRIES CLAUSE:
Table 3 — Maximum harmonic current distortion in percent of current (1)*]

Individual Total
harmonic order h demand
(odd harmonics)b h<11 11 <h <17 17 <=h < 23 23 =<h<35 35<h distortion

(TDD)
Percent (%) 4.0 2.0 1.5 0.6 0.3 5.0

a

| = the greater of the Local EPS maximum load current integrated demand (15 or 30 minutes) without the

unit, or the DR unit rated current capacity (transformed to the PCC when a transformer exists between the
unit and the PCC).

Even harmonics are limited to 25 % of the odd harmonic limits above.

DR
DR

4.4 Islanding

4.41 Unintentional islanding

For an unintentional island in which the DR energizes a i e Akea EPS through
the PCC, the DR interconnection system shall detect ' yna\cease to energize the
Ar

4.4.2

Th

5

Thiis clause provides i demonstrate that the interconnection
syftem meets the reg S —The applicable tests from this clause are
required for al j 9 he results of these tests shall be formdlly
dopumented.

Th and requirements are universally needed for
int nchronous machines, induction machines, or stdtic
po d will be sufficient for most installations. 13

5.1

Thlis design tést shal be performed as applicable to the specific interconnection syst¢m
teghnology~The shall be performed on a representative sample, either in the factofy,
at ja testinglaboratory, or on equipment in the field. 14

12

13

Some examples by which this requirement may be met are:

1. The DR aggregate capacity is less than one-third of the minimum load of the Local EPS.

The DR is certified to pass an applicable non-islanding test.

The DR installation contains reverse or minimum power flow protection, sensed between the Point
of DR Connection and the PCC, which will disconnect or isolate the DR if power flow from the Area

EPS to the Local EPS reverses or falls below a set threshold.

4. The DR contains other non-islanding means, such as a) forced frequency or voltage shifting,
transfer trip, or c¢) governor and excitation controls that maintain constant power and const
power factor.

Additional tests may be necessary for some limited situations.

b)
ant

14 The design test of 5.1 may be adopted as the testing basis for certification of interconnection systems.
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This test applies to a packaged interconnection system using embedded components
or to an interconnection system that uses an assembly of discrete components.

The design test shall be conducted on the same sample in the sequence of Table 4.

Table 4 — Sequence for conducting design test

Required order Design test clause and title
1 5.1.1  Response to abnormal voltage and frequency
2 5.1.2 Synchronization
3 5.1.3 Interconnect integrity test

N
S ested order
199 A\
4 5.1.1 Response to abnormal voltage and eq&{%&

5 5.1.2 Synchronization < \ \
X
6 5.1.4  Unintentional islanding <\\ \ \

7 5.1.5 Limitation of dc inm X \
8 5.1.6 Harmonics ( O \/
N\

511 Response to abnormal voltage a
nergize the Area EPS when the
specified in 4.2.3 and 4.2/4

Thiis test shall demonstrate that the DR.cease
voltage or frequency ' R .
Interconnection systems id fie stable set points shall also be tested

at|the minimum, midpoi hasm of fhe adjustable set point ranges. Thelse
tests shall be cond i simulated utility or secondary injection

me¢thod.
51. Synchro;'

Te as
ing be
me
A.
Thiis test'shall demonstrate that at the moment of the paralleling-device closure, |all

thlee parameters in Table 5 are within the stated ranges. This test shall also
demonstrate that if any of the parameters are outside of the ranges stated in tlhe
tatle,"the paralleling-device shall not close

B. Induction interconnection

Self-excited induction generators shall be tested as per A in 5.1.2.

This test shall determine the maximum start-up (in-rush) current drawn by the unit.15
The results shall be used, along with Area EPS impedance information for the
proposed location, to estimate the starting voltage drop and verify that the unit shall not
exceed the synchronization requirements in 4.1.3 and the flicker requirements in 4.3.2.

15 NEMA MG 1-1998 contains an acceptable method for determining inrush current.
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Table 5 — Synchronization parameter limits for synchronous interconnection to an EPS,
or an energized local EPS to an energized Area EPS

Aggregate rating of DR Frequency difference Voltage difference Phase angle difference
units (kVA) (Af, Hz) (AV, %) (A, °)
0 — 500 0.3 10 20
> 500 — 1 500 0.2 5 15
>1 500 - 10 000 0.1 3 10
C. Inverter interconnection16

An
paf

interconnection as stated in A of 5.1.2.

All

inverter-based interconnection system that produces fundame

stgrt-up current. The results shall be used, along with Area
lodation, to estimate the starting voltage magnitude ¢

the
5.1.3 Interconnect integrity test
5.1.3.1 Protection from EMI

[I[HC IN SOME COUNTRIES CLAUSE:

acgordance with IEEE StdC37.90

4.1.8.1.
interconnection syste

5.1.3.2 Surge\f?t
[[HC IN SOME COUY
requirement in 4 1.8.
20p2 for equipm

magt by using/the
equipment ra
system j

signal and\ contrQl
indicate the uni

5.1.3.3

3 000 V to confirm that the surge withstand capability
evel(s) from IEEE Std C62 41.2-2002. Interconnection system

pet

in
ith
he

he
.45-
s

or

ated applicable standards. For interconnection system equipmént
use |IEEE Std C37.90.1-2002. The results of these tests shall

Paralleling device

A fielectric test across the open-circuited paralleling device shall be conducted to confirm

co M Nnlianeca with tha roaiiramante Af 4 41 Q 2
Aprahce-Wththe+eguHe eSO a—"9S-5-

5.1.4

Unintentional Islanding

A test or field verification shall be conducted to confirm that 4.4.1 is met regardless of the
selected method of detecting isolation. 17

16 Some inverter-based interconnection systems may need to be tested to both requirements of C in

5.1.2.

17 An example test is in UL 1741 [IEC IN SOME COUNTRIES CLAUSE: B14].
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5.1.5 Limitation of dc injection

Inverter based DR shall be tested to confirm that the DR does not inject dc current
greater than prescribed limits that are listed in 4.3.1.

5.1.6 Harmonics

The intent of the harmonics interconnection test is to assess that under a controlled set of
conditions the DR unit meets the harmonic limits specified in 4.3.3.

Th Shall be operated in parallel with a predominantly inductive voltage source wiith a
shprt circuit current capacity Isc of not less than 20 times the DR rated output current| at
fundamental frequency. The voltage and frequency output of the veoitage source shall

cofrespond to the rated voltage and frequency of the DR. [IEC IN ES
CHAUSE: The unloaded voltage waveform produced by the Area ility
voltage source shall have a total harmonic distortion (THD) less

Thie DR shall be operated at an output test load current, I, el
as|close to 100 % of rated output current as practical. jon

rent harmon|cs
e greater of the

(TRD) in place of TDD. TRD is the total rms value of
crg¢ated by the DR unit operating into a linear bala

tegt load current (I.) demand or the rated current €apaci e DR \unit (Irated). [IEC|IN
SQME COUNTRIES CLAUSE: The individua ic (di ion"and TRD of the DR
oufput current shall be measured f«& 4 ics. The harmonic currg¢nt
injections shall be exclusive of any<harmo Ion
present in the Area EPS without the DR he
values in 4.3.3, Table 3.18
As| an alternative, a synck QNous-g i nts
of |4.3.3; either after ins i ringa balanced resistive load and isolafed
from any other sources. TK i %
of the machine kVA ra all
ire

be|measured lin ik

systems.

[IHC IN SOME RIES G : Table 6 — Maximum harmonic voltage distortipn
ih percent ated voltage for synchronous machines]

Indiyidua DN Mish<17 | 17sh<23 | 23sh<35 | 3s<n | Total harmonic
harmahic order \ distortion
Percem \ \W 2.0 1.5 0.6 0.3 5.0

5.2 Production tests

Edch.vinterconnection system shall be subjected to requirements of 5.1.1 and 5.1[2.
Interconnection systems with adjustable set points shall be tested at a single set of set
points as specified by the manufacturer. This test may be conducted as a factory test or
may be performed as part of a commissioning test (see 5.4).

5.3 Interconnection installation evaluation
5.3.1 Grounding integration with Area EPS
A system design verification shall be made to ensure that the requirements of 4.1.2 have

been met.

18 These values or lower values may be required to meet the TDD of 5% at the PCC.
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5.3.2 Isolation device

A system design verification shall be made to ensure that the requirements of 4.1.7 have
been met.

5.3.3 Monitoring provisions

A system design verification shall be made to ensure that the provisions for monitoring
are in accordance with 4.1.6.

5.3 34— Artea EPS faults

A system design verification shall be made to ensure that the requireme of 4,21 hgve

been met.

5.3.5 Area EPS reclosing coordination

A |system design verification shall be made to verify the i
coprdinated with the Area EPS reclosing practices in acco

5.4 Commissioning tests

Alll commissioning tests shall be performed

following visual inspections shall be pe rforme

— | A visual inspection shall be

) on
requirement of 4.1.2 has been impl

- if
required by 4.1.7
Initial commissioning ptes : on
syftem equipment prio init gre
required:
— | Operability te;
ble

— | Functional software or firmware changes have been made on the interconnection systen

— |Any’hardware component of the interconnection system has been modified in the field, pr,
replaced or repaired with parts diifferent from the tested configuration.

Subclauses 5.4.1 and 5.4.2, and the applicable tests of 5.2 shall be repeated if:

— Protection settings have been changed after factory testing.

— Protection functions have been adjusted after the initial commissioning process.

19 Test procedures are commonly provided by equipment manufacturer(s) or system integrator(s) and
approved by the equipment owner and Area EPS operator.
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5.4.1 Unintentional islanding functionality test
5411 Reverse-power or minimum power test

A reverse-power or minimum power function, if used to meet the requirements of 4.4.1,
shall be tested using injection techniques or by adjusting the DR output and local loads to
verify that the reverse power or minimum power function is met.

5.4.1.2 Non-islanding functionality test

F non-islanding interconnection systems 5 4 2 satisfies this requirement
o r4 Y ot

5.4.1.3 Other unintentional islanding functionality tests

If tests in 5.4.1.1 and 5.4.1.2 are not applicable to the interceo stem, ﬂhe
interconnection system shall be tested in accordance with prog d by the
manufacturer or system integrator.

5.4.2 Cease to energize functionality test

CHheck the cease to energize functionality by operating ting device and
vefrify the equipment ceases to energize i and does ot
regtart/reconnect for the required time delay. Th gt $ erfofmed on each phgse

individually. This test verifies conformance to enexgize requirement of 4.1|4,
4.21,4.2.2,4.2.3,4.2.4, and 4.4.1.

5.5 Periodic interconnection test

Alll interconnection-related protect| e tlons associated batteries shall |pe
pefriodically tested at in e manufacturer, system integrator, or the
authority who has jurisdictionNqver th Rvinter@ohnection. Periodic test reports or a log
forjinspection shall b intai

9,
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