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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus develop-
ment process, approved by the American National Standards Institute, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the Institute and serve with-
out compensation. While the IEEE administers the process and establishes rules to promote fairness in the consensus devel-
opment process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the information contained
in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other dam-
age, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting
from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclaims
any express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that
the use of the material contained herein is free from patent infringement. IEEE Standards documents are supplied “AS IS.”

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 revi-
sion or reaffirmation. When a document is more than five years old and has not been reaffirmed, 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 publishing and making this document available, the IEEE is not suggesting or rendering professional or other services for,
or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other person or entity to
another. Any person utilizing this, and any other IEEE Standards document, should rely upon the advice of a competent pro-
fessional in determining the exercise of reasonable care in any given circumstances.

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 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 soci-
eties 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 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. 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 mat-
ter 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.

IEEE is the sole entity that may authorize the use of certification marks, trademarks, or other designations to indicate com-
pliance with the materials set forth herein.

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, Customer 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 Copyright Clearance Center.
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Introduction

[This introduction is not part of IEEE Std 1513-2001, IEEE Recommended Practice for Qualification of Concentrator
Photovoltaic (PV) Receiver Sections and Modules.]

This recommended practice provides qualification tests and procedures to evaluate terrestrial photovoltaic
concentrating modules intended for power generation applications. It builds on a Sandia publication
(SAND92-0958, “Evaluation Tests for Photovoltaic Concentrator Receiver Sections and Modules,” 1992),
and follows the format of the recently completed IEEE Std 1262-1995 for flat plate PV modules.

The intent of this recommended practice is to provide the minimum tests and inspections required to
evaluate photovoltaic concentrating modules and to provide a common approach (e.g., between producer
and purchaser) in conducting qualification tests. The tests and procedures provided in this recommended
practice may be supplemented by additional tests and procedures established between the producer and
purchaser.

Concentrator module designs are under development, and new concepts continue to appear. This situation
requires that qualification tests be flexible enough to allow a reasonable assessment of new designs, yet
complete enough to identify weaknesses that would lead to problems in the field. Ideally, modules that expe-
rience early failures in field operation should fail qualification tests. Therefore, it is important to note that the
design of this recommended practice and the tests specified were developed to eventually serve as a uniform
standard for the photovoltaic concentrator industry.

At the time this recommended practice was completed, the Standards Coordinating Committee 21 on Photo-
voltaics of the IEEE had the following membership:

Richard DeBlasio, Chair
Stephen M. Chalmers, Vice Chair
Jerry Anderson, Secretary

Tom Basso Frank Goodman Robert D. McConnell
William Bottenberg Ken Hall John Stevens

Ward I. Bower Kelvin Hecht Chuck Whitaker

Jay Chamberlin Barry Hornberger John Wiles

Doug Dawson Joseph L. Koepfinger John H. Wohlgemuth
William Ferro Ben Kroposki Tim Zgonen

The following are members of the Concentrator Photovoltaic Module Qualification Working Group:

Robert D. McConnell, Chair

Tom Basso Mark Jackson A.J. McDanal
John Berner Liang-Jun Ji Emilio Mera
David Borton Steve Jochums Uger Ortabasi
William Bottenberg George Kelly David Roubideaux
Ward 1. Bower Ben Kroposki Richard Swanson
Stephen M. Chalmers Mark Kurla G. Tamizh-Mani
Keith Emery Jerry Turne

Jim Emming Stephen Kusek Pierre Verlinden
Robert Hammond Rick Lewandowski Chuck Whitaker
Herb Hayden Dave Lillington Kent Whitfield

Steve Hester
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Liang-Jun Ji John H. Wohlgemuth

When the IEEE-SA Standards Board approved this standard on 17 March 2001, it had the following

membership:
Donald N. Heirman, Chair
James T. Carlo, Vice Chair
Judith Gorman, Secretary
Chuck Adams James H. Gurney Paul J. Menchini

Mark D. Bowman
Clyde R. Camp
Richard DeBlasio
Harold E. Epstein
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Raymond Hapeman
Richard J. Holleman
Richard H. Hulett
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Daleep C. Mohla
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IEEE Recommended Practice for
Qualification of Concentrator
Photovoltaic (PV) Receiver Sections
and Modules

1. Overview

1.1 Scope

This recommended practice establishes recommended procedures and specifications for qualification tests
that are structured to evaluate concentrator photovoltaic receiver sections and modules intended for power
generation applications.

1.2 Purpose

The qualification tests provided in this document should assist in evaluating the design performance, reli-
ability, safety, and susceptibility to known failure mechanisms of concentrator photovoltaic (PV) receiver
sections and modules.

Emphasis is placed on testing for potential degradation of receiver sections and module performance result-
ing from environmental weathering, mechanical loading, shadowing, or corrosion.

The procedures given in this recommended practice provide a common approach for conducting module
qualification tests. Although acceptable results from these tests should provide reasonable assurance that the
modules produced by the same processes as those that pass these tests will perform reliably in the field after
installation, this recommended practice does not address design, safety, or performance of PV systems.

1.3 Limitations
These qualification tests are applicable to concentrator photovoltaic receivers and modules.

This document will be revised as required to incorporate the latest information on failure mechanisms and
the relationships between accelerated tests and field reliability.
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2. References

This recommended practice should be used in conjunction with the following publications. If the following
publications are superseded by an approved revision, the revision shall apply.

ASTM E892-87 (1992), Standard Tables for Terrestrial Solar Spectral Irradiance at Air Mass 1.5 for a 37°
Tilted Surface.!

ASTM E927-97, Standard Specification for Solar Simulation for Terrestrial Photovoltaic Testing 2

ASTM E973M-96, Standard Test Method for Determination of the Spectral Mismatch Parameter Between a
Photovoltaic Device and a Photovoltaic Reference Cell.

ASTM E1036-96, Standard Test Methods for Electrical Performance of Nonconcentrator Terrestrial Photo-
voltaic Modules and Arrays Using Reference Cells.

ASTM E1038-98, Standard Test Method for Determining Resistance of Photovoltaic Modules to Hail by
Impact with Propelled Ice Balls.

ASTM E1171-99, Standard Test Method for Photovoltaic Modules in Cyclic Temperature and Humidity
Environments.

ASTM E1462-00, Standard Test Methods for Insulation Integrity and Ground Path Continuity of Photovol-
taic Modules.

ASTM E1802-96, Standard Test Methods for Wet Insulation Integrity Testing of Photovoltaic Modules.
ASTM E1830M-96, Standard Test Methods for Determining Mechanical Integrity of Photovoltaic Modules.

IEC 61215 (1993-04), Crystalline silicon terrestrial photovoltaic (PV) module—Design qualification and
type approval.3

IECQ PQC 12, Provisional blank detail specification: Crystalline silicon terrestrial Photovoltaic (PV)
modules.

IEEE Std 928-1986 (Reaff 1991), IEEE Recommended Criteria for Terrestrial Photovoltaic Power Systems.4
IEEE Std 1262-1995, IEEE Recommended Practice for Qualification of Photovoltaic (PV) Modules.

UL 1703-2000, Standard for Safety for Flat-Plate Photovoltaic Modules and Panels .’

IThis standard was discontinued in 1999 and replaced by ASTM G159-98, Tables for References Solar Spectral Irradiance at Air Mass
1.5: Direct Normal and Hemispherical for a 37° Tilted Surface.

2ASTM publications are available from the American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken,
PA 19428-2959, USA (http://www.astm.org/).

3IEC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3, rue
de Varembé, CH-1211, Geneve 20, Switzerland/Suisse (http://www.iec.ch/). IEC publications are also available in the United States
from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.

4IEEE publications are 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/).

SUL standards are available from Global Engineering Documents, 15 Inverness Way East, Englewood, Colorado 80112, USA
(http://global.ihs.com/).
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IEEE
CONCENTRATOR PHOTOVOLTAIC (PV) RECEIVER SECTIONS AND MODULES Std 1513-2001

3. Background and overview of qualification test program

3.1 Background

In developing this qualification test document, several sources of information were referenced and used in
designing and formulating the majority of the tests given. Primary sources included: SAND92-0958 [B5]°
document for evaluation tests for PV concentrator receiver sections and modules; IEEE Std 1262-1995 for
flat plate modules;’ IEC 61215 (1993-04) for crystalline silicon modules; UL 1703-2000 for flat plate mod-
ules; and Technical Specifications for the Photovoltaics for Utility Scale Applications (PVUSA) Project, as
referred to in Hester, et al [B6].

Since the publication of these documents, photovoltaic materials technology and concentrator module devel-
opment have advanced. Efforts in module reliability research have produced a better understanding of
known and potential failure mechanisms associated with photovoltaic concentrator modules, especially with
regard to the effects of moisture ingress. The results of these efforts and experience gained have been used in
formulating new tests and modifying earlier tests for inclusion in this recommended practice.

3.2 Overview of qualification test program

The qualification test sequence is illustrated in Figure 1. Module qualification test program requirements,
which provide detailed guidance and minimum requirements for the overall qualification test, are given in
Clause 4. Requirements and evaluation of test results necessary for passing the qualification test are pro-
vided in 4.4, and they include the following:

a) Initial tests and inspections.

b) Sequence “A,)” “B,” “C,” “D,” and “E” tests, which subject the modules to a specified sequence of
environments and stresses. All intermediate electrical performance tests are optional and they may
help identify which test caused a failure, but they are not required.

c) Final tests and inspections.
Descriptions of the required test and inspection procedures are provided in Clause 5.

Initial tests and inspections (see 4.2) establish selection and acceptance of as received modules as test
module specimens. They also establish “baseline” visual inspection information and electrical performance
measurement data for comparison and determination of the effects on module physical characteristics and
electrical performance following all subsequent tests.

A minimum of five test modules and seven receiver sections are required to complete all the specified tests.
If the intrusive bypass diode thermal test (sequence E) is to be performed, an additional specially fabricated
receiver is required. A module is the smallest, complete, environmentally protected assembly of receivers
and optics, and related components such as interconnects and mounting, that accepts unconcentrated sun-
light. A receiver is an assembly of one or more PV cells that accepts concentrated sunlight and incorporates
the means for thermal and electric energy removal. Figure 2 is a schematic of cells, receivers, and modules.
In the case of a large PV concentrator module and receiver, a receiver section is a portion suitable for specific
tests.

Test sequences A through E subject the receivers or modules to a specified sequence of environments and
typical or accelerated stresses similar to those which final, deployed modules should survive. The final tests
and inspections (see 4.3) provide data for comparison with initial test and inspection results. The criteria for
passing the qualification tests are provided in 4 4.

The numbers in brackets correspond to those of the bibliography in Annex A.
"Information on references can be found in Clause 2.
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