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ABSTRACT

Photovoltaic Flstems Test Facilities (PV-STFs) are used to evaluate

complete photovoltaic systems, subsystems, and their interfaces. This report
presents a general description of PV-STFs presently operated under the U.S.
Department of Energy's National Photovoltaics Program, as well as descriptions

of a number of privately operated facilities reflecting current understanding
of those having test capabilities appropriate to PV hardware development. A
summary of specific, representative test capabilities at the system and
subsystem level is presented for each listed facility. This compilation
indicates the range of system and subsystem test capabilities presently
available to serve the needs of both the National Photovoltaics Program and
the private sector photovoltaics industry.
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EXECUTIVE SUMMARY

To meet the objectives of the U.S. Department of Energy's National Photo-
voltaics Program, a number of evaluation, environmental, and performance tests
of photovoltaic systems, subsystems, and major system components will be
required during the next several years. This report is a description of test
facilities identified as currently available to support anticipated Program
system-level test activities. It also lists test capabilities at the sub-
system and major component levels where these activities directly support pro-
grammatic system test requirements. Many of these facilities are presently
available to support photovoltaics development activities within the private
sector.l

Eleven test installations have been identified and surveyed to provide
data summarizing their test capabilities. Of the eleven queried, four are
Photovoltaics Program centers and seven are private testing laboratories.
Tables 1 and 2 present an overview of these facilities.

Several other test facilities were identified as having PV-related test
capabilities. These include the Florida Solar Energy Center, Hawaii Natural
Energy Institute, Southern Solar Energy Center, and the Southwest Research
Institute. These facilities have not been detailed in the present document,
either because their availability to the Program is uncertain, or their
emphasis is upon thermal technologies, "outside-the-fence" testing, or product
certification. The latter activities lie beyond the scope of the current
Photovoltaics Program.

The four Photovoltaics Program centers presently operate facilities with
system-level test capabilities. This means that complete photovoltaic
systems, consisting of array, power processing units, controls, and storage
where appropriate, can be installed and operated to permit evaluation of
system performance characteristics in a realistic environment. The Program
centers also operate facilities for testing separate subsystems. Taken
together, the system and subsystem level test results permit verification of
system and subsystem design, performance, and interface requirements, as well
as validation of performance models and design methodologies.

The private laboratories surveyed report test capabilities covering a
wide range of environmental and accelerated life testing appropriate to the
development requirements of photovoltaic subsystems and components. Although
none of these laboratories presently exhibit system-level test capability,
these facilities nevertheless represent a substantial resource available to
support important elements of the overall system development effort.

1The Residential Experiment Stations (RES) currently operated as part of the
Photovoltaics Program have not been included in this compilation. The RESs
were established for the purpose of conducting operational experiments on a
set of prototype systems of fixed configurations. The System Test Facility
(STF) is designed to accept and test systems and subsystems in a manner which
permits frequent configuration changes. The two existing RESs may eventually
be adapted for more general use as STFs. Options presently under consider-

ation include their direct availability for use by private industry.
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SECTION I

INTRODUCTION

A. BACKGROUND

In the development of new sources of energy for the United States,
assessment of the terrestrial photovoltaic (PV) option has been only recently
initiated. As in most new technology programs, early PV system development
efforts have relied extensively on modeling and simulation to assist in
designing operational systems prior to their deplolment. Despite such
analyses, any newly-developed technology say experience unforeseen problems,
particularly in the interactions between subsystems, and between the system
and the operating environment. To identify and address such problem prior to
actual system deployment, some form of testing and evaluation of full-scale
prototype systems under realistic operating conditions is essential.

in recognition of this need, an early step taken by the National
Photovoltaics Program was to initiate a planning activity whose purpose was to
ensure the availability of test facilities adequate to the requirement$ of the
Program. Participating in this activity were representatives of the principal
Program centers involved in photovoltaic technology development and testing.

One of the first steps taken in this planning process was to compile
information about PV systems test facilities Loth available for, and
appropriate to, the specific testing requirements of Program-sponsored system
development efforts. Included were facilities within the Photovoltaic$
Program centers, as well as state-supported and private facilities. The first
STF Existina Capabilities Compilation, issued by the Jet Propulsion Laboratory
in August 1981 0 sussmarized the collected PV-STF information and addressed 0he
question of future Photovoltaics Program PV-STF requirements.

The present compilation has been updated to reflect recent substantial
revisions in the National Photovoltaic* Program structure and funding level.
The current Photovoltaic* Program is based on (1) an allocation of resources
which will require the pursuit of considerably fewer technology options,
(2) technology transfer to the private sector at an earlier stage of the
development sequence, and (3) greater reliance on industry at all levels of
technical decision-making. Accordingly, it should be noted that many of the
facilities included in this revised compilation are currently available to the
PV industry at large, while continuing to serve those activities directly
supported by the Program.

B. SCOPE

The PV-STF characteristics summarized herein include the test
capabilities of primary interest in the development of "hotovoltaic systems
for all appplications areas: remote stand-alone, small roof-mounted,

t
F
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medium-sire, and large ground-mounted systems. Test capabilities are
characterized as follows:

(1) Facility capacity/rating: maximum power handling capability,
thermal capacity, storage capacity, etc.

(2) Test L;vel: total system, subsystem, or major system component.

(3) Capacity to test in grid-connected mode, stand-alone, or both.

(4) Specific measurement capability as to type and capacity, where
applicable.

This compilation lists several facilities whose primary capabilities are
in subsystem and component testing (environmental and accelerated life).
Although not strictly a part of system-level testing, subsystem and component
testing constitute important elements of Lne overall system development
process. Additionally, most testing of established products is performed aL
the subsystem and component levels. As more is learned about PV system-
subsystem interactions and how to better model and simulate those
interactions, testing at the subsystem and component levels is expected to
assume an increasingly important role relative to system-level testing.

C. DEFINITIONS

Terms used in this compilation are defined below:

(1) Photovoltaic Systems Test Facility (PV-STF): A facility that tests
and evaluates the performance of total PV systems, subsystems, and
their interfaces.

(2) Subsystem Test Facility: A facility that tests and evaluates the
performance of PV subsystems. Currently, there are three
subsystems: array, parer processing, and energy storage.

(3) Component Test Facility: A facility that tests and evaluates the
performance of major PV system components, such as PV modules and
inverters, which are elements of subsystems. Component testing
includes environmental and accelerated-life testing.

(4) Environmental Testing: Testing that attempts to identify the
mechanisms of failure caused by extremes of loads induced by
environmental forces, either acting alone or in combination.

(S) Accelerated-Life Testing: Testing that attempts to accelerate
long-term degradation n effects and, in so doing, correlate that
degradation with time.

(6) Program Center Test Facilities: Facilities that are directly owned
or sponsored by the Federal Government and are a part of the
National Photovoltaics Program.

1-2



Ion_-Prrp rsmatic facilities: Test facilities that are either owned
and operated by a stateor agency thereof or are privately owned.
These facilities are available to the Prograa on a contract basis
as required.



SECTION It

PHOTOVOLTAIC SYSTEMS TEST FACILITY DESCRIPTION

A. CHARACTERISTICS OF THE PHOTOVOLTAIC SYSTEMS TEST FACILITY

For purposes of this document, the principal characteristic of the PV-STF
that distinguishes it from a typical full-scale system demonstration is that
the facility is adaptable to a variety of PV system configurations, rather

than dedicated to the evaluation of a single. specific design. Ideally, a
PV-STF will be able to test various combinations of PV modules and arrays,
including flat-plate or concentrator, PV and thermal, (whether side-by-side or
combined), and accommodate either stand-alone or grid-interactive system
designs. Additionally, the PV-STF should be capable of accepting config-
uration changes rapidly enough to permit practical retesting and evaluation.
This latter characteristic is termed "breadboarding."

B. PHOTOVOLTAIC SYSTEMS TEST FACILITY IMPLEMENTATION

The following are key elements in the implementation of rV-STFs:

(1)	 PV System Configuration: In its most general form, a photovoltaic
or more properly, photovoltaic/thermal) system is configured as
shown in Figure 2-1. Both electrical and thermal systems are

iNE W+^Ai	 C©fr I1 N v
STGM^.t	 TwERM•t

t >kJ'E	 ^+ PC-It Svs l tM$ _C-114C-^

1wE11M•.	 1MFRN•t 1774MAL

r--------1	 ^•-----.^__—.^---
t wE•11	 l" 0,1A1	 TM,
t	 1	 ► t `iUl i'C=r	 (C,i"

l1
^.^^'iUNtr^

! i	 1	 --- TwimAt .#ocumr wssvot y — — — ^
i	 •OKA ,	 1
—	 1

— — — POMP CONOMON(I ?USSVSTIAA • —
i	 1
1 DC	 1INWITtty	 1t	 1	 rt u^•1	 ,OrvvtrTtr	 1
1	 1

•au, -^ 1

L---------J

DC	 I	 Irx
GENttU t Or	 t.OwGS

!Et<T!K •t
s+ou:.E

EC+lr
Dis'I's -1Cti

•C
EO.6.

Figure 2-1. Generalised Photovoltaic System
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evolved. It should be noted that current systems concepts for
ost applications are considerably simpler than this general
onfiguration, involving only the electrical system elements.
edium-size system concepts (commercial and industrial
pplications) presently exhibit the greatest diversity, due to the
otential value of both electrical and thermal energy in this
ector, and the potential for either concentrator or flat-plate
esigns. To support the development of a technology characterized
y a large variety of practical system forms and applications, it
s clearly of value for a PV-STF to be highly adaptable, allowing
uick reconfiguration of its test bed to accommodate and test a
ifferent system once testing of a previous systeei is complete.

'eat Procedures and Equipment: In the development and comparative
valuation of multiple system concepts, commonality of test
quipment and procedures is essential. With several PV-STFs in
ifferent climates testing a variety of photovoltaic systems,
niformity of test methods is essential to ensure valid comparison
f results. The National Photovoltaics Program has supported the
evelopment of such test methods with the cooperation of private
aborstories, industry, government, and public interest groups.
be results to date appear in Interim Performance Criteria for
botovoltaic Ener Systems, a document published by the Solar
,nergy Research InstituteT These results are expected to provide
a uniform basis for subsequent development of industry-wide test
procedures and standards for evaluation of PV systems.

(3)	 Data Acquisition and Processing: Typical kinds of information
provided by a PV-STF include efficiency for various modes of
operation, initial reliability eutimates, transient response
characteristics, assessment of system: modeling and sLmwlation,
assessment of control strategies, and stability evaluation. Timely
analysis and dissemination of the results of programmatic systems
testing and evaluation performed in PV-STFs are expected to enhance
the worth of these data.

21nterim Performance Criter+.a for Photovoltaic Energy Systems,
SERIITR-742-634 9 R. Deblasio, et. al., December 1980. This documant, issued
by the Solar Energy Research Institute, Golden, Colorado, fir the U.S.
Department of Energy, presents interim results of efforts "to identify,
develop, and promulgate performance criteria and test methods for photo

-valtac solar energy conversion systems."

3
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SECTION III

PHOTOVOT.TAIC SYSTEMS TEST FACILITIES: EXISTING CAPABILITIES

This section summarizes, in tabular form, the information collected on PV
system, subsystems, and major component testing facilities. Addressed are
general facility information as well as representative testing capabilities.
The information contained in the following tables is not intended as an

exhaustive description of the capabilities of each facility, nor does it pur-
port to indicate what tests are appropriate for particular system or subsystem
development activities. Rather, the included information is intended pri-
marily to illustrate the general range of capabilities provided by each
facility. Inquiries regarding more specific test capability or facility avail-
ability should be directed to the appropriate facility contact (see Tables 3-1
and 3-2).

The compiled information is contained in four sections, as follows:

(1) Summary Tables: Table 3-1 summarizes the information obtained for
the National Photovoltaics Program Centers. Locations, contacts,

application sector capabilities, maximum power handling capability
and, where available, initial and annual costs are shown.

Table 3-2 summarizes the capabilities of private laboratories.

(2) System Test Capabilities: Table 3-3 delineates the capabilities of

those facilities that have total system testing capacity. These
capabilities are broken down by major subsystem; i.e., array, power
conditioner, and storage.

(3) Subsystems Test Capabilities - Photovoltaics Program Centers:
Tables 3-4 through 3-6 present detailed descriptions of the test

capabilities of the Program field centers.

(4) Subsystems Test Capabilities - Private Laboratories: Tables 3-7
through 3-9 give a detailed description of the test capabilities of
the private laboratories surveyed.

3-1
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