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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Com-
mittees of the IEEE Standards Association (IEEE-SA) Standards Board. Members of the committees serve
voluntarily and without compensation. They are not necessarily members of the Institute. The standards
developed within IEEE represent a consensus of the broad expertise on the subject within the Institute as
well as those activities outside of IEEE that have expressed an interest in participating in the development of
the standard.

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. Every IEEE Standard is subjected to review at least every five years for
revision or reaffirmation. When a document is more than five years old and has not been reaffirmed, it is rea-
sonable 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.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership
affiliation with IEEE. Suggestions for changes in documents should be in the form of a proposed change of
text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they
relate to specific applications. When the need for interpretations is brought to the attention of IEEE, the
Institute will initiate action to prepare appropriate responses. Since IEEE Standards represent a consensus of
all concerned interests, it is important to ensure that any interpretation has also received 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 interpretation requests except in those cases where
the matter has previously received formal consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

Note: 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 with respect to the existence or validity of any patent rights in
connection therewith. The IEEE shall not be responsible for identifying patents for
which a license may be required by an IEEE standard or for conducting inquiries into
the legal validity or scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the
Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright
Clearance Center. To arrange for payment of licensing fee, please contact Copyright Clearance Center, Cus-
tomer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; (978) 750-8400. Permission to photocopy
portions of any individual standard for educational classroom use can also be obtained through the Copy-
right Clearance Center.
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Introduction

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

This revision of IEEE Std 929 is in response to the maturation of the photovoltaic industry. That maturation
has identified the critical need to have the interconnection of photovoltaic (PV) systems to the utility grid be
covered under a comprehensive document that includes specific recommendations rather than general guid-
ance. The intent 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, a test 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 this testing is to ascertain that
the inverter will not operate as a utility-independent island.
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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 a nonislanding PV inverter
— Annex B, PV inverters and the utility interface

— Annex C, Disconnect switches and utility procedures

— Annex D, Islanding as it applies to 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
is interconnected.

“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 systems in 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 testing 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® (NEC®) (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®).#

UL 1741-1999, Standard for Static Inverters and Charge Controllers for Use in Photovoltaic Power Sys-
5
tems.

nformation on references can be found in Clause 2.

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

3ANSI 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, P.O. 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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3. Definitions

For purposes of this recommended practice, the following terms and definitions apply. IEEE 100-1996
[B7],6 The IEEE Dictionary of Electrical and Electronics Terms, should be referenced for terms not defined
in this clause.

3.1 inverter: Equipment that converts direct current (dc) to alternating current (ac). Any static power con-
verter (SPC) with control, protection, and filtering functions used to interface an electric energy source with
an electric utility system. Syn: static power converter (SPC), power conditioning subsystems, power
conversion systems, solid-state converters, or power conditioning units.

NOTES

1—The term “inverter” is popularly used for the converter that serves as the interface device between the PV system dc
output and the utility system. However, the definition for SPC more accurately describes this interface device. Because
of popular usage, the term “inverter” is used throughout this recommended practice. It should be born in mind that this
inverter includes the control, protection, and filtering functions as described in the definition for SPC.

2—Because of its integrated nature, the inverter is only required to be totally disconnected from the utility for service or
maintenance. At all other times, whether the inverter is transferring PV energy to the utility or not, the control circuits
remain connected to the utility to monitor utility conditions. The phrase “cease to energize the utility line” is used
throughout this document to acknowledge that the inverter does not become totally disconnected from the utility when a
trip function occurs, such as an overvoltage trip. The inverter can be completely disconnected from the utility for inverter
maintenance by opening the ac-disconnect switch required by the NEC®.

3.2 nonislanding inverter: An inverter that will cease to energize the utility line in ten cycles or less when
subjected to a typical islanded load in which either of the following is true:

a)  There is at least a 50% mismatch in real power load to inverter output (that is, real power load is
<50% or >150% of inverter power output).

b) The islanded-load power factor is <0.95 (lead or lag).

If the real-power-generation-to-load match is within 50% and the islanded-load power factor is > 0.95, then
a nonislanding inverter will cease to energize the utility line within 2 s whenever the connected line has a
quality factor of 2.5 or less.

NOTE—See Annex A for a test procedure that identifies an inverter as a nonislanding inverter.

3.3 islanding: A condition in which a portion of the utility system that contains both load and distributed
resources remains energized while isolated from the remainder of the utility system.

3.4 distributed resource islanding: An islanding condition in which the distributed resource(s) supplying
the loads within the island are not within the direct control of the power system operator.

3.5 point of common coupling (PCC): The point at which the electric utility and the customer interface
occurs. Typically, this point is the customer side of the utility revenue meter.

NOTE—In practice, for building-mounted photovoltaic (PV) systems (such as residential PV systems) the customer dis-
tribution panel may be considered the PCC for convenience in making measurements and performing testing.

3.6 quality factor: Two pi times the ratio of the maximum stored energy to the energy dissipated per cycle at
a given frequency.

NOTE—In a parallel resonant circuit, such as a load on a power system

The numbers in brackets correspond to those of the bibliography in Annex G.
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C
= R —_
o=t [7
where
0 is quality factor
R is effective load resistance
C is effective load capacitance (including shunt capacitors)
L is effective load inductance

Or, on a power system, where real power, P, and reactive powers, P ; for inductive load, and P, for capacitive load, are

known as
Q=(/P) JP, %P,
where

0 is quality factor
P is real power

P, isinductive load
P, 1is capacitive load

3.7 resonant frequency: The frequency, f, at which a parallel resonant resistive-inductive-capacitive (RLC)
load has unity power factor

f=1/QnJCxL)

where
f is the resonant frequency
C is effective load capacitance (including shunt capacitors)
L is effective load inductance

Also, the frequency at which the reactive powers P ; and P ¢ are equal, and hence the parallel RLC load
appears equivalent to the load resistance only.

3.8 utility-interface disconnect switch: A switch that may be required at the interface between the
photovoltaic (PV) system and the utility system. This terminology is used to distinguish this switch from
others that may be installed for other reasons, such as to satisfy requirements of the National Electrical
Code®.

4. Power quality

The quality of power provided by the PV system for the on-site ac loads and for delivery to the intercon-
nected utility is governed by practices and standards addressing voltage, flicker, frequency, and distortion.
Deviation from these standards represents out-of-bounds conditions and may require that the inverter cease
to energize the utility line. For intermediate and large systems, the interconnected utility may prefer to have
the PV remain connected during some voltage or frequency excursions to assist in riding through distur-
bances. Abnormal conditions are discussed in Clause 5.

All power quality parameters (that is, voltage, flicker, frequency, distortion) are specified at the point of com-
mon coupling (PCC) unless otherwise stated in this recommended practice.
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