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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CONCENTRATOR PHOTOVOLTAIC (CPV) MODULES AND ASSEMBLIES -
DESIGN QUALIFICATION AND TYPE APPROVAL

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and_electronic fields. To
this end and in addition to other activities, IEC publishes International Standards,
Technical Reports, Publicly Available Specifications (PAS) and Guides (herea
Publication(s)”). Their preparation is entrusted to technical committees; any IEC
in the subject dealt with may participate in this preparatory work. Intern enta and non-
governmental organizations liaising with the IEC also participate in this prepa
with the International Organization for Standardization (ISO) in accordaf
agreement between the two organizations.

the latter

5) IEC provides no marking pro edure to indicate approvalNand cannot be rendered responsible for any
equipment declared to be i € ith IECRublication.

6) All users should ensure that the latest edition of this publication

7) No liability shall attach to IEGC ¢ e ployees, servants or agents including individual experts and
members of its teehnica itte ational Committees for any personal injury, property damage or

other damage -‘@ v direct or indirect, or for costs (including legal fees) and

expenses arising “out R i use\of, or reliance upon, this IEC Publication or any other IEC

Publications.

FDIS Report on voting
82/494/FDIS 82/504/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or
*+ amended.

@%
S
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CONCENTRATOR PHOTOVOLTAIC (CPV) MODULES AND ASSEMBLIES -
DESIGN QUALIFICATION AND TYPE APPROVAL

1 Scope and object

This International Standard specifies the minimum requirements for the design qualification
and type approval of concentrator photovoltaic (CPV) modules and assemblies suitable for
long-term operation in general open-air climates as defined in IEC 60721-2-1. The test
sequence is partially based on that specified in IEC 61215 for the design_qualification and

have been made to account for the special features of CPV receive modules,
particularly with regard to the separation of on-site and in-lab tracking
alignment, high current density, and rapid temperature changes, i Ited in the
formulation of some new test procedures or new requirements.

reasonable constraints of cost and time, that the CPV mblies are capable of
withstanding prolonged exposure in climates descri i e . The actual life of CPV

modules and assemblies so qualified will depe i ig 6duction, environment,
and the conditions under which they are ¢

IEC 60068-2-21:2006, | Enviro , ing Part 2-21: Tests — Test U: Robustness of

terminations and integ
IEC 61215:2005<>r

errestrial photovoltaic (PV) modules - Design

For the purposes of this document, the following terms and definitions apply.

31
concentrator
term associated with photovoltaic devices that use concentrated sunlight

3.2
concentrator cell
basic photovoltaic device that is used under the illumination of concentrated sunlight

3.3

concentrator optics

optical device that performs one or more of the following functions from its input to output:
increasing the light intensity, filtering the spectrum, modifying light intensity distribution, or
changing light direction. Typically, it is a lens or a mirror. A primary optics receives
unconcentrated sunlight directly from the sun. A secondary optics receives concentrated or
modified sunlight from another optical device, such as primary optics or another secondary

optics. Documents
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3.4

concentrator receiver

group of one or more concentrator cells and secondary optics (if present) that accepts
concentrated sunlight and incorporates the means for thermal and electric energy transfer. A
receiver could be made of several sub-receivers. The sub-receiver is a physically stand-
alone, smaller portion of the full-size receiver.

3.5

concentrator module
group of receivers, optics, and other related components, such as interconnection and
mounting, that accepts unconcentrated sunlight. All of the above components are usually
prefabricated as one unit, and the focus point is not field adjustable. A module could be made
of several sub-modules. The sub-module is a physically stand-alone, smaller portion of the
full-size module.

3.6

concentrator assembly

group of receivers, optics, and other related components, s i ection and
mounting, that accepts unconcentrated sunlight. All of the ab N ; uld usually
be shipped separately and need some field installation, and'tk int\is field adjustable.
An assembly could be made of several sub-assemblies. - assembly is a physically

stand-alone, smaller portion of the full-size assembly.

3.7
representative samples for CPV
see details in Clause 4

odules, and assemblies.

Table 1
. . P
N \( anWms ‘22\/
Sec#owms V Module - prefabricated and
the focus point is not field
x CPV>BI adjustable, similar to most

outri en&g\z\ V| Fresnel lens systems.
transfer mean

r receiver
CPV Assembly — needs some
T ; . -
g\mm> field installation and the focus
point is field adjustable, similar to

Interconnection | most reflective systems.

\\ Mounting
\/

4 Sampling

For non-field-adjustable focus-point CPV systems or modules, 7 modules and 2 receivers are
required to complete all the specified tests, plus one receiver for the bypass/blocking diode
thermal test (intrusive or non-intrusive). For details, see Figure 6. For field-adjustable focus-
point CPV systems or assemblies, 9 receivers (including secondary optics sections, if
applicable) and 7 primary optics sections are required to complete all the specified tests, plus
one receiver for the bypass/blocking diode thermal test (intrusive or non-intrusive). For details,
see Figure 7.

In the case that a full-size module or assembly is too large to fit into available testing
equipment, such as environmental chambers, or a full-size module or assembly is too
expensive (e.g., for a 20 kW reflective dish concentrator system, 9 receiver samples account
for 180 kW of PV cells), a smaller representative sample may be used. However, even if
representative samples are used for the other test, a full-size module or assembly should be
installed and tested for outdoor exposure. This can be conducted either in the testing lab, or
through on-site witness.
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Representative samples should include all components, except some repeated parts. If
possible, the representative samples should use sub-receivers, sub-modules, or sub-
assemblies. During the design and manufacturing of the representative samples, much
attention should be paid to reach the maximum similarity to the full-size component in all
electrical, mechanical, and thermal characteristics related to quality and reliability.

Specifically, the cell string in representative samples should be long enough to include at
least two bypass diodes, but in no case less than ten cells. The encapsulations, interconnects,
terminations, and the clearance distances around all edges should be the same as on the
actual full-size products. Other representative components, including lens/housing joints,
receiver/housing joints, and end plate/lens should also be included and tested.

atches. When the
production, or

Test samples should be taken at random from a production batch or b
samples to be tested are prototypes of a new design and not ffom

The test samples should have been manufactured from specified m i porents in
accordance with the relevant drawings and process instructi have been

subjected to the manufacturer’s normal inspection, quality confrol, an cceptance
procedures. They should be complete in every detail a accompanied by the
manufacturer’s handling, mounting, connection, and opera ples should not

If the intrusive bypass/blocking diode thermal test is tolbe perfermed,an additional specially
manufactured receiver is required with cal-angd t@ma detector leads so that each
individual diode can be accessed sepa

5 Marking

Each receiver or module section should : g clear and indelible markings:

— serial numbe{}
— polarity of ter als oding is permissible);

— maximum syste je fe \ the module or assembly is suitable;

— nominal maxi and its tolerance at specified condition;
— the date, anufa e, and cell materials should be marked, or be traceable from
the sg

6 Testing

Before beginning the testing, all testing samples, including the control module and control
receiver, should be exposed to the direct normal irradiation (DNI) of sunlight (either natural or
simulated) for a total of 5 to 5,5 kWh/m?2 while open-circuited. This procedure is designed to
reduce the initial photon degradation effects.

In this standard, short-circuit current /5., open-circuit voltage V., maximum output power P,
and other measures are all based on DNI 900 W/mZ2, cell temperature 25 °C, spectrum at A|r
Mass 1,5D (under consideration), and wind speed 3 m/s. A formal Concentrator Standard Test
Condition (CSTC) definition will be given in a future IEC CPV standard, which is under
consideration.

The test samples should be randomly divided into groups and subjected to the qualification
test sequences in Figure 6 or Figure 7. Test procedures and requirements are detailed in
Clause 10, and summarized in Annex A. The allocation of test samples to typical test

sequences is given in Table 2. Documents

Document Sharing Hub

Full document details: IEC 62108 2007


http://avadocuments2026.com/doc/iec-62108-2007
http://avadocuments2026.com/doc/iec-62108-2007

-10 - 62108 © IEC:2007

After initial tests and inspections, one module or one receiver/mirror section should be
removed from the test sequence as a control unit. Preferably, the control unit should be
stored in the dark at room temperature to reduce the electrical performance degradation, but
it may be kept outdoors with a dark cover. As shown in Figure 6 for modules or in Figure 7 for
assemblies, the test sequence is performed both in-lab and on-site. If the distance between
these two locations is considerable or public shipping companies are involved, a dark current-
voltage (I-V) curve measurement before and after the shipping should be performed to
evaluate any possible changes on testing samples.

If a particular manufacturer produces only specific components, such as receivers, lenses, or
mirrors, the design qualification and type approval testing may be conducted only on
applicable test sequences, and a partial certification can be issued independently.

If some test procedures in this standard are not applicable to a specific desigh.configuration,
the manufacturer should discuss this with the certifying body and testingNagencyto develop a

Test Module
sequence receiver module mirror
Control 1 ( 1
A 2 AN
B 2 2
c 2 2
D | ~. 1 1
E fu\l}\size) 1 (full-size) 1 (full-size)
F V 1
Total D 10 7
7 Pass critel@
A concentrator photovoltaic ssembly design should be judged to have passed the
qualification tests i IEC 62108 type approved, if each test sample meets all
the following ¢ i
a) the r egradation in sequences A to D does not exceed 13 % if the |-V
measureme nder outdoor natural sunlight, or 8 % if the I-V measurement is under

solar simulator;

b) the relative power’degradation in sequence E does not exceed 7 % for natural sunlight I-V
measurement, or 5 % for solar simulator |-V measurement, because the 1 000 kWh/m2 DNI
outdoor exposure and 50 kWh/m?2 ultraviolet (UV) tests are not an accelerated stress test;

c) no sample has exhibited any open circuit during the tests;
d) there is no visual evidence of a major defect, as defined in 10.1.2;
e) the insulation test requirements are met at the beginning and the end of each sequence;

f) the wet leakage current test requirements are met at the beginning and the end of each
sequence;

g) specific requirements of the individual tests are met.
If there are some failures observed during the test, the following judgment and re-test
procedure should apply:

h) if two or more test samples do not meet pass criteria, the design shall be deemed not to
have met the qualification requirements;
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i) should one sample fail any test, another two samples meeting the requirements of
Clause 4 could be subjected to the whole of the relevant test sequence from the beginning;

j) in case i), if both samples pass the test sequence, the design should be judged to have
met the qualification requirements;

k) in case i), if one or both of these samples also fail, the design shall be deemed not to
have met the qualification requirements;

[) in case h) or k), the entire test program illustrated in Figure 6 or Figure 7 should be re-
performed, usually after some design or processing improvement.

Cooling
tubes

Solar ¢ Sub-receiver

Receiver

111

! IEC 2263/07

Figure 1 — Schematic of point-focus dish PV concentrator
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Assembly

Receiver

IEC 2264/07

Figure 2 — Schematic of linear-focus trough PV concentrator
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Module

Figure 4 — Schematic of linear-focus Fresnel lens PV concentrator
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8 Report

Following type approval, a certified report of the qualification tests, with measured
performance characteristics and details of any failures and re-tests, should be prepared by
the test agency in accordance with ISO/IEC 17025. Each test report should include at least the
following information:

a) atitle;

b) the name and address of the laboratory, and the location where the tests were carried out,
if different from the address of the laboratory (such as on-site location);

c) unique identification of the test report (such as the serial number), and on each page an
identification to ensure that the page is recognized as a part of the test report, and a clear
identification of the end of the test report;

d) name and address of client, where appropriate;

e) description and identification of the item tested,;
f) characterization and condition of the test item;
g) date of receipt of test item and date(s) of test, where approp
h) identification of test method used;

i) reference to sampling procedure, where relevant;

j) any deviations from, additions to, or exclusi riethod, and any other
i onditions;

k) measurements, examinations, and\derived ported by tables, graphs, sketches,
and photographs as appropriate, i ort-circuit“current, open-circuit voltage,
maximum output power, maximu erved after all of the tests, and any
failures observed,;

I) a statement of the esti

n) where reIev@
0) a statement th

report to and di¢

9 Modifications

Any changes in desigh, materials, components, or processing of the modules and assemblies
may require a repetition of some or all of the qualification tests to maintain type approval.
Manufacturers shall report to and discuss with the certifying body and testing agency every
change they made.

10 Test procedures

10.1 Visual inspection

This procedure provides the requirements for obtaining baseline, intermediate, and final visual
inspections to identify and determine any physical changes or defects in module or assembly
construction at the beginning and after the completion of each required test.

Any hardware showing initial damage not due to the manufacturing process should be
rejected if it may worsen and lead to failure during the subsequent environmental tests. A new
module or assembly may then be substituted before beginning the test sequence.

Documents
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10.1.1 Procedure

All test samples should be thoroughly inspected and photographed when necessary. All
defects or abnormalities (including initial defects related to the quality of solder joints such as
inadequate or excessive solder, solder balls, bent interconnects, or misalignment of parts)
should be documented with appropriate sketches or photographs to show the locations of the
defects. Components, such as the lens, mirror, secondary optical elements, heat spreaders,
and encapsulants, should also be inspected for defects. Specifically, inspect for:

a) bubbles, delamination, or any kind of similar defect on the cell and around its edges;

b) damage incurred during shipping and handling, such as cracked lenses, cracked or bent
housings, and bent terminals or mounting brackets;

c) integrity of the seal around the lens and housing joints. Any crac gap in sealant
materials should be noted;

d) any ventilation hole or breather must not be clogged;

e) provision for grounding all accessible conductive parts;

f) broken, cracked, bent, misaligned, or torn external surfaces
g) faulty interconnections or joints;

h) visible corrosion of output connections, interconne
i) failure of adhesive bonds;

j) tacky surfaces of plastic materials;
k) faulty terminations, or exposed live

For the purpose of design qualification\an

approval, the following are considered to be

a) broken, cracked,
receiver body/fra
b) broken or cracked ¢

c) bubbles or delaminati ingna continuous path between any part of the electrical

10.1.3 Require
No major visual defects.

10.2 Electrical performance measurement
10.2.1 Purpose

The purpose of the electrical performance test is to identify electrical performance
degradation of test samples caused by required tests. The focus of this test is on the power
degradation, not on the absolute power output, which will be covered by a separate power
and energy-rating standard.

Repeatability of the measurement is the most important factor for this test.

10.2.2 Outdoor side-by-side |-V measurement

The side-by-side (SBS) |-V measurement identifies power degradation of a test sample by
comparing its post-stress test relative power to its pre-stress test relative power. The relative
power is defined as the maximum power output of the sample under test diviﬁd by the
maximum power output of the control sample, measured under similar test cond @Qﬁments
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method is based on the assumption that the changes of the control sample’s electrical
performance are negligible during the whole qualification test period. By using this method,
test condition variables are self-correcting, and the complex translation procedures are
eliminated.

The side-by-side |-V measurement is required for each test sample upon the starting and final
I-V measurements. It is optional for all intermediate |-V measurements.

When applying this method to receivers, the control receiver and the receiver under test
should be installed with a proper optical and mechanical system so that during the test, the
concentrated light and thermal conditions of these two receivers are similar to the real
operating conditions.

10.2.2.1 Procedure

conditions:

— sky is clear, DNI is greater than 700 W/m2, and its
min interval,

measurement.
NOTE Pay attention to the tracking system’s rigi d ur€ it is stable under the windy condition.
b) Mount the test sample and the contr e<by-side on a two-axis tracker. The
alignment of the sample e done\by either of following two sequences:

— separately~alig y | samples to the sun beam before each |-V
measuref b.
NOTE Test sample a an also be tested on two adjacent two-axis trackers, or two receivers
can be tested in seg one trackernand optical system, if all conditions in item a) are met.
c) Alignment sh manufacturer’s specifications. If specifications are not
available /u naxi \ /s, of the module as an indicator of alignment. Misalignment

e) If coolant is employed, monitor coolant flow rate and inlet/outlet temperatures. The coolant
flow rate should hot change by more than 2 %, and the temperature should not change by
more than 1 °C in any 5 min period.

f) Take |-V measurements on both samples to obtain their maximum power output. This
procedure should be completed quickly so that the change of power output caused by
solar irradiance, ambient temperature, and wind speed changes is less than 2 % during
this step.

g) Calculate the sample’s relative power Pr:

pr=-Pm_.1009%,
Pmc

where:

Pris the sample’s relative power, in %;
Pm is the test sample’s maximum power, in W;
Pmc is the control sample’s maximum power measured at the similar condition as Pm,

in W. Documents
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10.2.2.2 Requirements

a) The sample’s maximum power (Pm), ., and V. should be measured accurately and
repeatably;

b) The relative power degradation, Prd, is defined as follows:

prd = Pi=Prf . 100%
Pri

where:
Prf is the relative power measured after the given test;

Pri is the relative power measured before the given test.

simulator
e larger

For outdoor measurement, Prd should be less than 13 %,
measurement, Prd should be less than 8 %. The 5 % difference takes
uncertainty for outdoor measurements.

10.2.3 Solar simulator I-V measurement

CPV |-V measurement could also be performed under in
should create its own testing procedure, as long as simila
10.2.4 Dark I-V measurement

The dark |-V measurement compares
after the tests. It is performed beforé
possible changes.

10.2.4.1 Procedure

If the dark I-V /s
measurements

baseline |-V meas

rpose, it should be measured during initial
later dark I-Vs, in addition to the side-by-side
s as a reference for later side-by-side [-Vs. The

there is one installed.

c) Connect the power source’s positive lead to the sample’s positive lead, and the negative
lead to the negative lead.

d) Block the light source to the cells, e.g. turn the samples upside down, so that the
measured open-circuit voltage of the sample is less than 5 % of its rated V...

e) Apply at least 10 different currents to the module and record each set of current, voltage,
and cell temperature.

NOTE Complete this procedure as quickly as possible to avoid significant heating of the cells during the test. If
the temperature drift is too fast to give a repeatable reading, allow the current to flow while the module heats to its
equilibrium temperature, then record the steady-state values.

f) Plot the current and voltage data on a chart with the voltage on the vertical axis and
current on the horizontal axis, and perform a linear regression in the region of the linear
part of the curve (usually, it is at the higher end of current):

V=RxI+V,
where Documents
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R is the module’s series resistance,
V, is the linear-regression constant.

10.2.4.2 Requirements

The dark I-V test is not intended to be used as the pass/fail criterion for the qualification test,
but as a cost-effective method for identifying degradations of the sample following each test.
Side-by-side I-V measurement should be conducted for pass/fail decision.

10.3 Ground path continuity test

In some countries or regions, system grounding is not required. If the product installation is
restricted to these areas, this test may be omitted.

10.3.1  Purpose

10.3.2 Procedure

a) A continuity tester (ohmmeter) should be used to
parts on the test sample and its grounding point.

f) If more than
time between te

10.4.1 Purpose

The purpose of the electrical insulation (also called dry insulation) test is to determine
whether or not the concentrator system is sufficiently well-insulated between all active parts in
the power-generating circuit and the frame or the outside world.

10.4.2 Procedure
a) Obtain an insulation tester, which has the following functions, to:
— supply DC current limiting to 10 mA;
— apply DC voltage of 1 000 V plus twice the maximum system voltage of the test sample;
— measure the current in pA resolution.
These functions could be combined in one single unit or with a few separate units.

b) The test should be conducted on samples at ambient temperature of 25 °C + 10 °C and
relative humidity not exceeding 75 %. Documents
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c) Designs that use a cooling medium should have the cooling medium present during the
test, but the cooling medium circulation is not required.

d) The sample cell faces should be darkened and the sample should not be connected to any
active electrical source.

e) Connect the shorted positive and negative output terminals of the sample to the positive
terminal of the tester.

f) Connect the exposed metal parts of the sample to the negative terminal of the tester. If the
sample has no conductive frame or if the frame is a poor electrical conductor, wrap the
sample with a metallic plate or foil, then connect the plate or foil to the negative terminal
of the tester.

g) Increase the voltage applied by the tester at a rate not exceeding 500 V/s to 1 000 V plus

should be 500 V.

h) Maintain the voltage at this level, and wait for 2 min after_a
reached.

i) Observe any sign for dielectric breakdown or surface tra
the dry hi-pot test].

i) Reduce the voltage to 500 V, and maintain for ine a stable leakage current is
reached.

k) Record the applied voltage and the current.

b) For samples
measured ins io

c) For samples

10.5.1

The purpose of th t insulation test is to evaluate the insulation of the concentrator system
under wet operating conditions and verify that moisture from rain, fog, dew, or melted snow
does not enter the active parts of the sample circuitry, where it might cause corrosion, a
ground fault, or a safety hazard.

Purpase

10.5.2 Procedure
a) Obtain an insulation tester as described in 10.4.2 a).

b) Prepare a non-corrosive liquid agent (surfactant) solution in a testing tank that is large
enough to hold the test samples. The resistivity of the test solution should be 3 500 Q cm
or less when measured at a temperature of 22 °C + 3 °C.

c) Designs that use a cooling medium should have the cooling medium present during the
test, but the cooling medium circulation is not required.

d) The sample cell faces should be darkened and the sample should not be connected to any
active electrical source.

e) Connect the shorted positive and negative output terminals of the sample to the positive

terminal of the tester. Documents
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f) Make a good connection between the negative terminal of the tester and the liquid solution.

g) Immerse the sample in the solution, or spray the solution over the sample, for at least 5
min. The terminal boxes, pigtail leads, uninsulated terminations, or other connectors that
are not suitable for immersion could be maintained above the solution level, but be
thoroughly wetted by spraying the solution over these areas from all possible directions
that rain or melted snow could enter.

h) Increase the voltage applied by the tester at a rate not exceeding 500 V/s to 500 V.

i) Maintain the voltage at this level, and wait for 2 min after a stable leakage current is
reached, then observe any sign of dielectric breakdown, surface tracking, or bubble
generation.

i) Record the applied voltage and the current.

k) Calculate the insulation resistance based on recorded data.

I) Reduce the applied voltage to zero and short-circuit the terminal tipment to

discharge the electrical charges built up in the test sample.
m) Disconnect the test equipment from the sample.
10.5.3 Requirements
a) No dielectric breakdown or surface tracking.

b) For samples with an overall receiver aperture /area les equal to 0,1 m2, the
c) i j ‘ : r t an 0,1 m2, the measured
d) , or assemblies should always

mor than 10 MQ if double-insulated.

10.6.1
The purpose of the the ine the ability of the receivers to withstand
thermal misma other “stresses caused by rapid, non-uniform or repeated

f_a full-size sample is too large to fit into the environmental
chamber, or\f it i o expensive to use, a smaller representative sample may be specially
designed”and\manufactured for thls test. The representatlve sample should be carefully

fabrication process f thé representative sample should be as |dent|cal as pOSSIb|e to the
process of the fulksize>ones.

NOTE Possible failure mechanisms for temperature cycling test could include weak mechanical strength of cells,
poor bus bar and soldering (loose, wrong flux, tension) materials, incorrect interconnection design (for example,
too large differences of thermal expansion coefficients among bonded layers and not enough buffering layer in
between), wrong adhesives, and poor workmanship.

When designing or fabricating the representative samples, special considerations should
include, but not be limited to, the following aspects:

— Repeated parts or sections (sub-receivers) used by the full-size sample can be
reduced, but if possible, try to use at least two of these parts or sections in their full
dimensions.

— All non-repeated parts or sections, such as cell string’s end-connections and corners,
electrical and mechanical joints, sensors, and bypass/blocking diodes, should be
included in the representative samples.

10.6.3 Procedure

Three options are given in Table 3 to fit the different materials used. The thermal cycle test
should be carried out in air without adding humidity. It could be in a single- r‘hambemments
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