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Abstract: This recommended practice contains guidance regarding equipment and functions
necessary to ensure compatible operation of photovoltaic (PV) systems that are connected in par-
allel with the electric utility. This includes factors relating to personel safety, equipment protection,
power quality, and utility system operation. This recommended practice also contains information
regarding islanding of PV systems when the utility is not connected to control voltage and
frequency, as well as techniques to avoid islanding of distributed resources.
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Introduction

[Thisintroduction is not a part of IEEE Std 929-2000, | EEE Recommended Practice for Utility Interface of Photovoltaic
(PV) Systems.]

Thisrevision of IEEE Std 929 isin response to the maturation of the photovoltaic industry. That maturation
has identified the critical need to have the interconnection of photovoltaic (PV) systemsto the utility grid be
covered under a comprehensive document that includes specific recommendations rather than general guid-
ance. Theintent of this document is to define the technical requirements of PV system interconnection in a
manner that can be adopted as a PV system technical interconnection standard by individual utilities. This
document also includes several annexes for tutorial and clarification purposes.

A significant effort has been made to coordinate this document with Underwriters Laboratories in the pro-
duction of UL 1741, atest procedure that can be performed by an independent body to verify that an inverter
intended for use with a utility-interconnected PV system meets the recommendations described in this
recommended practice. The safety test procedure put forth by the Underwriters Laboratories will, among
other things, test the inverter for proper response, as detailed in this recommended practice (including
Annex A), to loss of utility or “out of bounds” utility conditions. One aspect of thistesting isto ascertain that
the inverter will not operate as a utility-independent island.

Participants

At the time this recommended practice was completed, Standards Coordinating Committee 21, on Fuel
Cdlls, Photovoltaics, Dispersed Generation, and Energy Storage, had the following membership:

R. DeBlasio, Chair
S. Chalmers, Vice Chair
A. J. Anderson, Secretary

R. Addiss D. Garrett D. Myers

G. Atmaram R. Gonsiorawski C. Napikoski
M. Azzam R. Hammond A. Nilsson
T. Basso K. Hecht U. Ortabsi
M. Behnke S. Hester C. Osterwald
R. Bonn R. Hoffman P. Overholt
W. Bottenberg J. Hoffner J. Poshic

W. Bower S. Hogan R. Rider

B. Brooks B. Hornberger T. Ruhlmann
P. Butler T. Hund M. Russell

J. Bzura M. Jackson P. Russell

J. Cdl T. Jester K. Sanders
P. Capps S. Jochums R. Schmit

R. Cary B. Jones J. Smyth

J. Chamberlin W. Kanzer J. Stevens

J. Chau W. Kaszeta C.Sun

D. Conover G. Kelly J. Sutherland
G. Corey G. Kern M. Thomas
R.D'Ai€llo J. Koepfinger J. Turner

D. Dawson B. Kroposki J. Tuttle

J. Drizos S. Kurtz S. Vechy

T. Duffy L. Libby J. Ventre

J. Dunlop D. Loweberg C. Whitaker
J. Emming S. Macera K. Whitfield
B. Farmer K. MacKamul J. Wiles

W. Feero N. Magnani R. Wills

M. Flis A. Mikonowicz J. Wohlgemuth
C. Freitas J. Moriarty T. Zgonena

Copyright © 2000 IEEE. All rights reserved.



At the time this recommended practice was completed, the Utility Working Group of Standards Coordinat-
ing Committee 21, on Fuel Cells, Photovoltaics, Dispersed Generation, and Energy Storage, had the
following membership who participated in the preparation of this recommended practice:

Michael Behnke
Bill Brooks

John Bzura
Steve Chalmers
Joe Chau

Doug Dawson
Richard DeBlasio
Tom Duffy

Chris Freitas

John Stevens, Chair

Miles Russell, Secretary

D. Lane Garrett
Steve Hester
John Hoffner
Barry Hornberger
Bob Jones

Greg Kern

Ledlie Libby

Don Loweberg
Tron Mdlzl

John Moriarty
Chester Napikoski
Jean Posbic

Jodi Smyth
Chase Sun

Rick West

Chuck Whitaker
Robert Wills

Tim Zgonena

The following members of the balloting committee voted on this recommended practice:

Mike Behnke
John Bzura
Steve Chalmers
Jay Chamberlin
Doug Dawson
Richard DeBlasio
Tom Duffy

Bill Feero

D. Lane Garrett
Bob Hammond
John Hoffner
Stephen Hogan
Bob Jones
Greg Kern
Tron Mezl

John Moriarty
Miles Russdll
John Stevens
Chase Sun
Chuck Whitaker
John Wiles
Robert Wills

When the |EEE-SA Standards Board approved this standard on 30 January 2000, it had the following

membership:

Satish K. Aggarwal
Dennis Bodson
Mark D. Bowman
JamesT. Carlo
Gary R. Engmann
Harold E. Epstein
Jay Forster*
Ruben D. Garzon

*Member Emeritus

Also included is the following nonvoting |EEE-SA Standards Board liaison:

Richard J. Holleman, Chair
Donald N. Heirman, Vice Chair
Judith Gorman, Secretary

James H. Gurney
Lowell G. Johnson
Robert J. Kennelly

E. G. “Al" Kiener
Joseph L. Koepfinger*
L. Bruce McClung
Daleep C. Mohla
Raobert F. Munzner

Robert E. Hebner

Jennifer McClain Longman
|EEE Sandards Project Editor

Louis-Frangois Pau
Ronald C. Petersen
Gerald H. Peterson
John B. Posey
Gary S. Robinson
Akio Tojo

Hans E. Weinrich
DonadW. Zipse

Copyright © 2000 IEEE. All rights reserved.



Contents

O @ = 4T T ST 1
RS o= SN 1

T 001 2

A £ = = 1= 110 OSSR 2
G B L 101 ] SRS SR 3
R 0 V1= 0 (1 1 4
4.1 Normal voltage OPErating FANQE. .......ceeruerrerereseeriereeseeseeseeesseesessessessesseseessesseseseeseessensessesensesses 5

Y o 7= o = 1o (= 5

G T = U= 0 0y P 6

A4 WaVeform diStOrtioN .........covvirieirieerie ettt 6

A5 POWES TACLOL ...ttt ettt b et bbb 6

5. Safety and proteCtion FUNCLIONS ........cccovriiiiisise sttt st e e e e enens 7
5.1 Responseto abnormal utility CONAItIONS.........ccviererieierecce e enens 7

5.2 DiIreCt-CUMENt INJECHION.......ceeeeeeeeee ettt e e sre s beseese et e e neeaeneeneenennens 9

ST T 11 o ] oo PR 9

5.4 Utility-interface diSCONNECt SWITCH ......ccvvie i enens 9

Annex A (normative) Minimum test procedure for anonislanding PV inverter ..........cccceovevievvninseseenn, 11
Annex B (informative) BibliOgraphy ........ccoueeeieirire sttt enens 15
Annex C (informative) PV inverters and the utility interface...........cocveveinenninninne e 16
Annex D (informative) Disconnect switches and utility procedUIES............ccoevrerrernennenese s 19
Annex E (informative) Islanding as it applieSto PV SYSIEMS........cocoviiriininesenese e 20
Annex F  (informative) The PV inverter under utility fault conditions.........c..covervennienniense e 22
Annex G (informative) Dedicated distributed transformer ..o 25

Copyright © 2000 IEEE. All rights reserved. \Y



WITHDRAWN

Copyright © 2000 IEEE. All rights reserved.

Vi



IEEE Recommended Practice
for Utility Interface of
Photovoltaic (PV) Systems

1. Overview

This recommended practice contains guidance regarding equipment and functions necessary to ensure
compatible operation of photovoltaic (PV) systems that are connected in parallel with the electric utility.
This guidance includes factors relating to personnel safety, equipment protection, power quality, and utility
system operation.

The document also includes seven annexes

— Annex A, Minimum test procedure for anonislanding PV inverter
— Annex B, PV inverters and the utility interface

— Annex C, Disconnect switches and utility procedures

— Annex D, Idanding asit appliesto PV systems

— Annex E, The PV inverter under utility fault conditions

— Annex F, Dedicated distribution transformers

— Annex G, Bibliography

1.1 Scope

This recommended practice applies to utility-interconnected PV power systems operating in parallel with
the utility and utilizing static (solid-state) inverters for the conversion of direct current (dc) to alternating
current (ac). (This recommended practice does not apply to systems utilizing rotating inverters.)

This recommended practice describes specific recommendations for “small” systems, rated at 10 kW or less,
such as may be utilized on individual residences. These recommendations will provide greater standardiza-
tion for these smaller systems, thereby reducing the engineering and design burden on both the PV system
installer and the interconnecting utility.

“Intermediate” applications, ranging from over 10 kW up to 500 kW, follow the same general guidelines as
small systems. Options to have adjustable setpoints or other custom features may be required by the inter-
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connecting utility, depending on the impact of the PV system on the portion of the utility system to which it
isinterconnected.

“Large’ systems, greater than 500 kW, may combine various standardized features as well as custom
requirements, depending on the impact of the PV system on the portion of the utility system to which it is
interconnected. A greater degree of custom engineering of the utility interface is to be expected as the size of
the PV system grows in relation to utility system capacity.

1.2 Purpose

This recommended practice will provide value to a wide spectrum of personnel involved with utility-
interconnected PV systems, including utility engineers, PV system designers and installers, and PV system
owners. The standardized interconnection recommendations included in this recommended practice will
minimize custom engineering of many aspects of the interconnection. This document is focused on
providing recommended practice for utility interconnection of PV systemsin a manner that will allow the
PV systems to perform as expected and be installed at a reasonable cost while not compromising safety or
operational issues.

Small utility-interconnected PV systems should use standardized, listed inverters (listed to test standards,
such as UL 1741-1999%, which include the testi ng requirements described in Annex A). The listing process
assures that the inverter incorporates fixed voltage and frequency trip settings and incorporates an integral
anti-islanding scheme. It is the intent of this recommended practice that small systems designed and
installed in accordance with this document and other applicable standards, such as the National Electrical
Code® (N EC®) (NFPA 70-1999), will require no additional protection equipment.

2. References

This recommended practice shall be used in conjunction with the following publications. When the follow-
ing standards are superseded by an approved revision, the revision shall apply.

Accredited Standards Committee C2-1997, National Electrical Safety Code® (NESC®).2

ANSI C84.1-1995, American National Standard for Electric Power Systems and Equipment—\Voltage Rat-
ings (60 Hertz).3

|IEEE Std 519-1992, IEEE Recommended Practices and Requirements for Harmonic Control in Electrical
Power Systems.

NFPA 70-1999, National Electrical Code® (NEC®).4

UL 17411999, Standard for Static Inverters and Charge Controllers for Use in Photovoltaic Power Sys-
tems.>

L nformation on references can be found in Clause 2.

2The NESC is available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, PO. Box 1331, Piscataway, NJ
08855-1331, USA (http://standards.ieee.org/).

SANSI publications are available from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor,
New York, NY 10036, USA (http://www.ansi.org/).

4NFPA publications are available from Publications Sales, National Fire Protection Association, 1 Batterymarch Park, PO. Box 9101,
Quincy, MA 02269-9101, USA.

SUL standards are available from Global Engineering Documents, 15 Inverness Way East, Englewood, Colorado 80112, USA
(http://global .ihs.com/).
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