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Summary

The Jet Propulsion Laboratory has developed a number of photovoltaic
test and measurement specifications to guide the development of modules
toward the requirements of future large-scale applications. Experience with
these specifications and the extensive module measurement and testing that
has accompanied their use is examined. Conclusions are drawn relative to
three aspects of product certification: performance measurement, endurance
testing and safety evaluation.

1. Background

A number of design and test specifications for photovoltaic modules on
the flat-plate solar array (FSA) project of the Jet Propulsion Laboratory
(JPL) have been published over the past 6 years in support of the national
photovoltaics program. The prime objective of these specifications has been
to guide the development of advanced modules toward the requirements of
future large-scale applications which are the main focus of the FSA’s re-
search activities.

The series of specifications published to date reflects the evolving state
of knowledge within the program on these future applications and on the
generic subjects of module reliability and endurance testing, and module
measurement methods. The recently published block V performance require-
ments represent the fifth generation set of requirements and have been
published in two volumes dealing separately with residential and interme-
diate load applications [1, 2] . Because they are designed for use with present
day procurements, the specifications by necessity reflect a careful compro-
mise between the ideal needs of future applications and the realities of
present day production methods, costs and technical performance. A second
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important aspect of the specifications is that they are applied to the pur-
chase of ‘‘general-purpose” modules within each application sector and
therefore must deal with site-to-site and system-to-system differences in a
generic way.

The block V specifications are targeted at typical intermediate load and
residential systems situated in environments which do not involve salt fog,
extreme snow loads or impact by hail greater than 1 in in diameter. How-
ever, the environmental extremes of the vast majority of sites are addressed
by an extensive set of environmental qualification tests which have been
updated to reflect the latest field and laboratory test experience. In partic-
ular, the thermal cycle and humidity tests have been increased in severity
over previous specifications and a recently completed hot-spot endurance
test has been added (Table 1).

A second important addition in these latest specifications is an exten-
sive treatment on module safety coauthored with Underwriters’ Laboratories

[3].

2. Experience with module qualification

During each of the four previous block procurements, JPL has con-
ducted qualification testing of production prototype modules to the tests
outlined in the design and test specifications. Experience with module quali-
fication can be broken down into three main categories: performance
measurement, endurance testing and safety evaluation.

2.1. Performance measurement

Electrical power output represents the bottom line to the user and is
therefore the key factor in characterizing module performance and assessing
durability or its inverse, degradation. Because solar cell power output is
dependent on a variety of parameters, including cell temperature, cell spec-
tral response, cell irradiance level, uniformity and spectral content, accurate
performance measurement requires complex procedures and equipment.
Before a new module design can be measured for power output, it is first
necessary to measure the spectral response of the cells and their temperature
coefficient, and to fabricate or otherwise to obtain a reference solar cell with
matching spectral response [4]. In order to characterize the expected field
performance it is also necessary to measure the module’s nominal operating
cell temperature (NOCT) | 4].

Experience to date indicates that methods for making the required
performance measurements are well developed but require a high degree of
experience and expensive equipment. Although most photovoltaic cell man-
ufacturers have cell and module measurement facilities, nearly all manufac-
turers rely on JPL or the Lewis Research Center, National Aeronautics and
Space Administration, for reference cell fabrication and calibration. The lack
of commercially available reference cells and the high cost (U.S. $50 X 103 -
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U.S. $300 X 10% of accurate module measurement facilities makes it dif-
ficult for users to obtain independent checks of the performance of the
delivered product and makes it expensive to set up an independent certifi-
cation-testing laboratory.

2.2. Endurance testing

As with performance testing, endurance (environmental) testing
methods have evolved over a number of years to the comprehensive set
defined in Table 1. Although many of these tests are compatible with
standard temperature-humidity test chamber capabilities, a number of the
tests (hail, mechanical cycling, wind resistance and hot-spot endurance)
require special test facilities. A compounding factor is the desire to have
electrical performance test facilities in close proximity to the endurance test
facilities to allow efficient monitoring and documentation of possible perfor-
mance degradation before and after exposure. The net result is increased
testing expense and limited availability of facilities capable of performing
the required tests and measurements.

A second complicating factor is the difficulty in quantifying pass—fail
criteria for mechanical degradation such as encapsulant delamination, cell
cracking and other visual defects which do not immediately affect module
electrical performance. This lack of easy quantification inserts a degree of
subjectiveness into the evaluation and must be addressed if multiple organi-
zations and personnel are to arrive at equitable evaluation of competing
module designs.

2.8. Safety evaluation

The most recent addition to the qualification test sequence is the
evaluation of module safety features. To this end, JPL has relied on the
extensive experience of Underwriters’ Laboratories to define the necessary
criteria and test methods [3]. Because of the extensive role of the Under-
writers’ Laboratories and facilities in the field of product safety testing, it
is expected that they will serve as a focal point for this aspect of module
evaluation in the near future.

3. Conclusions

The unique and complex nature of photovoltaic devices results in
unique and complex test methods and equipment. Although these methods
and equipment are well developed at this time, the large expense and special-
ized nature of the necessary facilities is likely to pose a significant obstacle
to the ready availability of such facilities within private standards-testing
laboratories.
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